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Preface 


The discipline of Maternal-Fetal Medicine has made great 
progress since the first edition of this textbook (Clinical Mater- 
nal-Fetal Medicine) published nearly a decade ago. Basic, clini- 
cal, and translation research has allowed clinicians and scientists 
to improve the understanding of the mechanisms of disease, 
and improve the care of the mother and fetus. 

We are of the view that Maternal-Fetal Medicine is one of 
the most challenging disciplines in medicine, because we care 
for two patients; one of whom, the fetus, is often inaccessible, 
difficult to examine, and optimal medical care requires balanc- 
ing the interests of mother and fetus. Yet, the importance of 
our discipline has become increasingly clear, as the concept 
that the “child is the father of the man” has gained ground 
through growing evidence that insults sustained during intra- 
uterine life have a long-lasting effect and increase the risk for 
adult diseases (cardiovascular, metabolic, mental health, 
reproductive, etc.). 

This book addresses the pathophysiology, diagnosis, and 
treatment of many important maternal medical and obstetric 


complications, as well as fetal complications. It is intended to 
provide a review of clinically relevant topics in Maternal-Fetal 
Medicine. In contrast to the first edition, this book is available 
online rather than as a traditional print book. This approach 
was embraced to make its use easier for the readers. You will be 
able to search the book across chapters and provide feedback. 
In addition, updates could be more frequently done as the 
information develops. 

This book could serve as a convenient reference for clinicians, 
fellows, residents and students who have the privilege of caring 
for the mother and fetus. We hope that the constant search for 
new understandings of the biology of pregnancy would allow 
us to improve the diagnosis and treatment of complications of 
pregnancy, and the health of future generations. 


Hung N. Winn 


Frank A. Chervenak 
Roberto Romero 
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1 The diagnosis and management of preterm labor with intact membranes 


Roberto Romero, Tinnakorn Chaiworapongsa, Francesca Gotsch, Lami Yeo, 
Ichchha Madan, and Sonia S. Hassan 


INTRODUCTION 

A preterm birth is one that occurs between fetal viability and 
37 completed weeks of gestation (1—4). Delivery of a previable 
conceptus represents a spontaneous abortion rather than a 
preterm birth. Although the definition of “viability” varies 
among countries and even medical centers, the central idea is 
that a nonviable infant is so immature that there is no 
likelihood of survival in the extrauterine environment despite 
all medical support. 

Prior to modern developments in neonatal care, a nonviable 
infant was defined as one weighing less than 500g (see below). 
This definition is discouraged because preterm delivery should 
be defined by gestational age at birth, rather than birth weight. 
Although some have proposed to define a preterm birth as one 
that occurs between 20 and 37 weeks of gestation, we prefer 
to define preterm birth as one occurring between 24 and 
37 weeks of gestation. Some neonates can survive if born 
around 24 weeks of gestation, but none at 20 weeks (5-8). 
This definition may need to be revised in the future if 
technological advances allow substantial survival of neonates 
born at less than 24 weeks of gestation. 

A birthweight of 500g has historically been used to define 
viability. However, this approach has limitations since viable 
neonates born after 24 weeks of gestation may be affected by 
intrauterine growth restriction (IUGR) and have birthweights 
below 500g. Conversely, some previable infants may weigh 
more than 500g. The threshold of 500g is valuable when there 
is uncertainty about gestational age. An accurate definition of 
preterm birth has implications for the calculation of vital 
statistics and comparisons of the rates of preterm delivery 
among different countries and populations, an issue that is 
often overlooked (1). 


Spontaneous Vs. Indicated Preterm Birth 
Preterm births can be spontaneous or “indicated.” Sponta- 
neous preterm labor can occur with either intact or prelabor 
rupture of the (fetal) membranes (PROM). “Indicated” preterm 
births are those that result from induced preterm labor or 
preterm cesarean delivery for maternal or fetal indications, such 
as pre-eclampsia and/or IUGR (3,9-13). Other causes include 
severe medical or surgical complications of pregnancy, some 
congenital anomalies, and complications of twin gestations (in 
particular, complications of monochorionic twins). 

Of all preterm deliveries, spontaneous preterm labor with 
intact membranes occurs in 45% (23.2-64.1%), spontaneous 


preterm labor following PROM occurs in 30% (7.1-51.2%), 
and preterm birth as a result of an indicated delivery occurs in 
25% (18.7-35.2%) (14,15). In the United States, the rate of 
preterm delivery has increased by 14% since 1990—this has 
been attributed to “indicated” preterm births of singleton 
gestations, multiple gestations, and increased numbers of older 
parturients (16). Preterm births have been classified by 
gestational age. Table 1 presents the classification of preterm 
birth according to gestational age at birth and the contribution 
of each stratum (3). 


THE COMMON PATHWAY OF TERM AND 

PRETERM LABOR 

The traditional view that has dominated the study of preterm 
parturition is that spontaneous labor at term and preterm 
labor fundamentally involves the same processes, albeit 
occurring at different gestational ages. Indeed, term and 
preterm labor share a common pathway. We have defined the 
“common pathway of parturition” as the anatomic, biochem- 
ical, endocrinologic, and clinical events that occur in the fetus 
and/or mother in both term and preterm labor (17-22). 
Broadly conceptualized, the common pathway of parturition 
can be considered to have uterine (maternal and fetal) and 
extrauterine components. The uterine components (which are 
a subject of wide attention in clinical obstetrics) include 
increased uterine contractility, cervical ripening, and decidual/ 
membrane activation (17,18). The extrauterine components 
include endocrinologic and metabolic changes associated with 
labor. For example, labor is associated with increased caloric 
metabolic expenditures (21), and an increase in maternal and 
fetal cortisol (20). 

A fundamental difference between term and preterm labor 
is that the former results from “physiologic activation” of the 
common pathway, while the latter results from a pathologic 
process (pathologic activation) that extemporaneously acti- 
vates one or more components of the common pathway (22). 

Activation of the uterine components of the common 
pathway of parturition may be synchronous or asynchronous. 
Synchronous activation will result in clinical spontaneous 
preterm labor, and asynchronous activation will result in a 
different phenotype. For example, predominant activation of 
the membranes would lead to preterm PROM, of the cervix to 
cervical insufficiency, or of myometrium to preterm uterine 
contractions (Figs. 1 and 2). The activation of each component 
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Table 1 Classification of Preterm Birth According to 
Gestational Age at Birth and the Contribution of Each 
Stratum 


Gestational age 


Proposed classification at birth (in weeks) Frequency 
Extreme preterm birth <28 5% 
Very early preterm birth 28 to 30-6/7 15% 
Early preterm birth 31 to 33-6/7 20% 
Late preterm birth 34 to 36-6/7 60-70% 


Figure 1 Uterine components of the common pathway of parturition. 
Source: From Ref. 22. 


confers a different risk for impending preterm delivery. For 
example, rupture of membranes is followed by the onset of 
labor in most cases within a short period of time. In contrast, 
most patients who present with increased uterine contractility 
without cervical change at an early gestational age deliver at 
term. Acute cervical insufficiency (formerly called “cervical 
incompetence”) may lead to late spontaneous abortion or early 
preterm delivery days or weeks after the diagnosis (23,24). 


SPONTANEOUS PRETERM LABOR AS A SYNDROME 
Preterm labor with intact membranes is a “syndrome” caused 
by multiple etiologies. The term “syndrome” refers to a 
combination of symptoms or signs identified as a discrete 
clinical entity (25). Symptoms and signs of preterm labor 
include increased uterine contractility, changes in cervical 
status (dilatation and effacement), and/or changes in mem- 
brane status (i.e., activation, which can be expressed sub- 
clinically as a positive fetal fibronectin, or overtly, such as 
rupture of membranes). 

The proposed etiologies of the preterm labor syndrome are 
presented in Figure 3. The main causes are (i) intra-amniotic 
infection/inflammation (26—57); (ii) vascular disease mediated 
through ischemia (58—64); (iii) uterine overdistension [twin 
gestations (65), patients with polyhydramnios (66,67), and 
Miillerian duct abnormalities (68)]; (iv) stress (69-73); 
(v) cervical disease [congenital after diethylstilbestrol exposure 
(74-79), post-traumatic after conization (80-88), etc. (89)]; 
(vi) hormonal disorders that mediate a suspension of 
progesterone actions (90-98); (vii) allergic disease (99-107); 
and (viii) an abnormal allogeneic response in which there is a 
rejection-like mechanism by the maternal immune system of 
the conceptus (108-112). 

We also believe that the entire spectrum of the mechanisms 
of the preterm labor syndrome has not been fully elucidated. 
In addition, some patients have preterm labor because more than 
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Figure 2 Clinical manifestations of preterm activation of the common 
pathway of parturition. Source: From Ref. 22. 
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Figure 3 The preterm parturition syndrome. Source: From Ref. 25. 


one mechanism of disease operates simultaneously. For example, 
subclinical intra-amniotic infection leads to preterm labor 
through an inflammatory mechanism that involves chemokines, 
cytokines, and prostaglandins; yet, one of the effects of ILIB 
(a cytokine involved in preterm parturition) can decrease 
progesterone action through activation of NF«KB (113-115). 
This transcription factor may lead to preterm cervical ripening 
and also to the activation of membrane and decidua. The 
interested reader is referred to recent reviews of the mechanisms 
responsible for the preterm labor syndrome (3,116). 

There is an extensive body of epidemiologic literature 
identifying risk factors for preterm labor and delivery—for 
example, individuals of African-American origin (12,117— 
119), those with a low body mass index (120-124), or patients 
who smoke during pregnancy (125-127) are at increased risk 
(Table 2 lists commonly identified risk factors). Yet, the 
precise pathologic mechanism responsible for the increased 
risk has not been elucidated. 


THE DIAGNOSIS OF PRETERM LABOR 

The Importance of Diagnosis 

The clinical diagnosis of preterm labor is important because 
patients at risk for preterm delivery can be offered 
(i) admission to the hospital, (ii) assessment for intra-amniotic 
infection, (iii) steroids, (iv) tocolysis, (v) antibiotic prophylaxis 
against group B streptococci, (vi) transport to a tertiary care 
center, and (vii) the option of magnesium sulfate for 
neuroprotection. 


Criteria to Increase the Index of Suspicion 

Preterm labor is suspected in patients with preterm gestations 
(before 36-6/7 weeks of gestation) who present with symptoms 
of increased uterine contractility, vaginal bleeding, pelvic 
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Table 2 Risk Factors Associated with Preterm Delivery 


Sociobiological variables 

Age <17 years, >35 years 

Low BMI or pre-pregnancy weight <50kg (<1201bs) 

Poor nutritional status 

Single marital status 

Lower socioeconomic status 

Lower education 

Smoking 

Heavy alcohol consumption 

Illicit drug use (cocaine, heroin, etc.) 

Social factors (e.g., poor access to care, physical abuse) 

Working conditions—shift work, standing for long periods of 
time (>8 hours) 

Past obstetric/gynecologic history 

Prior preterm birth 

Multiple therapeutic and/or spontaneous abortions 

Uterine anomalies 

Cervical surgery (cone biopsy, LEEP) 

Characteristics of current pregnancy 

Short inter-pregnancy interval (<6 months) 

In vitro fertilization/assisted reproductive techniques 

Multiple gestation 

Fetal conditions (e.g., structural malformations, chromosomal 
abnormalities, IUGR, fetal demise) 

Antepartum hemorrhage 

Amniotic fluid abnormalities—polyhydramnios, oligohydramnios 

Maternal medical conditions (e.g., hypertension, diabetes, 
asthma, thyroid disease) 

Maternal abdominal surgery 

Psychological factors (e.g., stress, depression) 

Infections during pregnancy (e.g., chlamydia, gonorrhea, 
trichomonas, bacterial vaginosis, asymptomatic bacteriuria, 
urinary tract infection, pyelonephritis, severe viral infections) 

Short cervical length 

Positive fetal fibronectin between 22 and 34 weeks 

Preterm contractions 


Abbreviations: LEEP, loop electrosurgical excision procedure; IUGR, 
intrauterine growth retardation. 


pressure and/or pain, expulsion of the mucus plug, and 
leakage of amniotic fluid. The latter is particularly important 
because if rupture of membranes is present, the management 
and prognosis are different from those of patients with preterm 
labor and intact membranes (15,128). For example, tocolysis is 
not indicated in patients with preterm prelabor rupture 
of membranes (129) (see the chapter on preterm PROM in 
this book). 


“Threatened Preterm Labor,’ “False Preterm Labor,” 

and “Rule out preterm labor” 

Some authors and textbooks have employed these terms 
because approximately 15% of pregnant women present with 
symptoms and signs consistent with preterm labor, yet they do 
not deliver preterm (130). Results of randomized clinical trials 
of beta-adrenergic agents have shown that 47% to 50% of 
patients admitted with symptoms of preterm labor rando- 
mized to placebo treatment deliver at term (131). Some 
investigators have interpreted such findings as indicating that 
these patients were in “false preterm labor” or “threatened 
preterm labor” because they delivered at term when treated 
with placebo (intravenous hydration). However, there is an 


implicit problem in requiring that a patient delivers preterm 
for the diagnosis of preterm labor to be correct: such view 
would imply that preterm labor inevitably leads to preterm 
delivery. In the pre-antibiotic era, pyelonephritis was asso- 
ciated with preterm labor and delivery. After the introduction 
of antibiotics (132), pyelonephritis has been associated with 
preterm labor but not necessarily preterm birth (133,134). 
This indicates that labor has a reversible phase in which early 
treatment may prevent preterm delivery (135). 

The pathologic process responsible for preterm labor can 
have a spectrum of severity. Mild insults that can be managed 
by the homeostatic system do not lead to preterm delivery, but 
more severe insults would be required for progression to 
preterm delivery. A pregnant woman who sustains mild 
abdominal trauma (such as an automobile accident or a fall) 
may experience increased uterine contractility which even- 
tually subsides. However, if the trauma leads to preterm 
separation of the placenta (abruptio placentae), preterm labor/ 
delivery may occur. 


True or False Labor: a Diagnostic Challenge 
The diagnostic dilemma described in the previous paragraph is 
not exclusive to preterm labor, but it also applies to labor at 
term. Labor is a retrospective diagnosis that can be made with 
certainty only when the patient has delivered or when delivery 
is inevitable (e.g., a patient with preterm labor and advanced 
cervical dilation who has spontaneous rupture of membranes 
or, alternatively, a patient with preterm labor who is in the 
second stage of labor). Except for these rare circumstances, 
physicians will often encounter a patient who has some degree 
of activation of the three components of the terminal pathway 
of parturition (increased uterine contractility, cervical 
changes, and/or membrane decidual activation) and will need 
to decide whether or not to initiate therapeutic intervention. 
The diagnosis of labor at term is also challenging. None- 
theless, the risk of an inaccurate diagnosis is lower because a 
fetus at term does not require steroids and other interventions 
which may be beneficial to the preterm neonate. Thus, the 
diagnosis of “false labor” at term carries different conse- 
quences from a misdiagnosis of preterm labor. Patients 
diagnosed with “false labor” at term typically present as if 
they were in the latent phase of labor and stop contracting after 
the administration of sedation, analgesia, or during a period of 
observation. Yet this diagnosis of “false labor” is not always 
correct; many labor wards have at least one story of a patient 
sent home who has delivered a few hours later outside the 
hospital or on her way back to the hospital. Since the neonates 
are born at term, such diagnostic errors generally do not have 
serious consequences; however, the possibility of shoulder 
dystocia, other obstetrical complications, or neonatal emer- 
gencies can transform this situation into a tragedy. 


Does “False Preterm Labor” have Any Consequences? 
Clinicians believe that an episode of preterm labor that 
resolves itself is benign. Yet these patients remain at risk for 
recurrent episodes of preterm labor and, more importantly, 
preterm delivery (136-138). An explanation for this is that a 
subclinical pathologic process may underline an episode of 
preterm labor. If the pathologic process worsens, this 
eventually may lead to preterm labor and delivery. 
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Synchronous and Asynchronous Activation of the Common 
Pathway 

Activation of the common pathway of labor can occur with 
recruitment of the three components (i.e., synchronous) or 
with activation of mainly one component (i.e., asynchronous) 
(Figs. 1 and 2). The phenotypic definitions of the preterm 
labor syndrome depend on the specific pathway activated. 

Most physicians and patients focus on increased uterine 
contractility as a sign of preterm labor—such symptoms are 
easily detected by patients and verifiable by the health-care 
provider. In contrast, cervical ripening (effacement and 
dilatation) is largely subclinical, and its diagnosis requires a 
pelvic examination or transvaginal sonography. Some patients 
may present with a short cervix (and even visible membranes) 
in the absence of demonstrable contractions—this phenotype 
is consistent with cervical insufficiency, typically occurring in 
the midtrimester. 

Similarly, mild activation of the decidual/membrane com- 
ponent of the common pathway of labor is largely subclinical 
and can be detected by an elevation in the concentration of 
molecules involved in extracellular matrix degradation, such as 
fetal fibronectin (139-143), IL-6 (144-148), and matrix 
metalloproteinases (MMPs) (149-151) in the cervicovaginal 
fluid. Most asymptomatic patients with a positive fetal 
fibronectin after 22 weeks of gestation do not deliver preterm 
(even though the relative risk for preterm delivery is increased) 
(143,152,153). This indicates that decidual/membrane activa- 
tion of this common pathway can occur without leading to 
inevitable preterm labor and delivery. 


The Clinical Diagnosis of Preterm Labor 

With the introduction and widespread utilization of tocolytic 
agents, several definitions of preterm labor were proposed. 
Notably, in 1975, Ingemar Ingemarsson (154) proposed that 
the criteria for the diagnosis should include (i) painful regular 
uterine contractions occurring at intervals of less than 
10 minutes for at least 30 minutes by external tocography, 
(ii) a cervix that is effaced or almost effaced and dilated at least 
1 to 2cm, (iii) intact membranes, and (iv) a gestational age 
between 28 and 36 weeks. This definition was the basis for a 
randomized, double-blinded clinical trial of terbutaline in 
women with preterm labor and intact membranes (154). The 
gestational age limitation reflected neonatal survival at the 
time. Importantly, two components of the common pathway 
were required for the diagnosis (increased myometrial 
contractility and cervical change). Gonik and Creasy wrote a 
clinical opinion in 1986 (155), in which they proposed a 
definition of preterm labor that has been used subsequently in 
the literature. The definition is based on uterine contractility 
and cervical change, and was proposed to select patients for 
tocolytic treatment. A change in cervical status was required 
because of the concern about overtreating patients with 
painful Braxton-Hicks contractions without other evidence of 
preterm labor (156-158). 


Uterine Contractility 

Increased uterine contractility can be present in the absence of 
cervical change. Two types of uterine contractions have been 
identified using electromyography (159): (i) “contractures,” 
which are epochs of myometrial activity leading to a modest 
increase in intrauterine pressure and are of long duration, and 
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(ii) “contractions,” which are of short duration but increase 
intrauterine pressure. A switch from a predominant “con- 
tracture pattern” to a predominant “contraction pattern” can 
occur during normal labor or be induced by pathologic events 
such as intra-abdominal surgery, infection, or food with- 
drawal. The molecular basis of this switch is thought to be the 
development of gap junctions, which increase the transmission 
of cell-to-cell communication in the myometrium during 
labor. Efforts to differentiate contractures from contractions 
using clinically available external tocodynamometry have 
failed to distinguish between the patient at risk for preterm 
delivery and the one who is not at risk (160). Therefore, 
uterine contractility alone is not sufficient to reliably diagnose 
preterm labor. Recent modalities that use external electro- 
myography may improve such a diagnosis, but these 
techniques are not yet clinically available (161-165). 


Sonographic Cervical Length 

The most important advance in the diagnosis of preterm labor has 
been the introduction of transvaginal sonography (79,166—168). 
Many investigators have shown that transvaginal sonography 
is more accurate than digital examination of the cervix (to assess 
dilatation and effacement) in predicting the risk of preterm 
birth (168,169). The data consistently indicate that women with a 
long cervix (defined as >30mm) have a likelihood of preterm 
delivery of less than 5% (169,170). In contrast, women with 
preterm uterine contractions and with a cervical length of 
<15mm have a probability of preterm delivery of 63% (171). 
Figure 4 illustrates the probability of preterm delivery in patients 
presenting with an episode of preterm labor—the shorter the 
cervix, the greater the risk of preterm delivery (168,172-174). 
Moreover, the shorter the cervix and the earlier the gestational 
age at presentation, the greater the risk of intra-amniotic 
infection (175). 


Fetal Fibronectin 
Another test frequently used to assess the risk of preterm 
delivery is fetal fibronectin. This glycoprotein is present in the 
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Figure 4 Predicted probability of delivery before 32weeks of gestation, by 
cervical length (mm) and time of measurement (week of pregnancy), in 
women with a prior preterm birth. Source: From Ref. 504. 
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trophoblast—decidua interface and, like all fibronectins, acts as 
cellular “cement” to anchor trophoblast cells to the uterine 
wall (decidua). Decidual/membrane activation is a process 
whereby extracellular matrix is dissolved at this interface. Such 
a process is teleologically intended to weaken the membranes 
for membrane rupture during labor and also to prepare the 
membranes for separation from the uterine cavity after 
delivery. This intercellular “cement” has a unique glycosyla- 
tion pattern, which is different from other fibronectins, and 
that is why it is called “fetal” fibronectin. Fortuitously, fetal 
fibronectin can be detected in vaginal and cervical fluids (142). 
It is interesting that fetal fibronectin can be detected between 
16 and 20 weeks of gestation in normal pregnancy (176). 
However, normally it becomes undetectable (using a cut-off of 
50ng/mL) after 22 weeks of gestation and becomes detectable 
again at term prior to the onset of labor (142,177). 

After 22 weeks of gestation, a positive fetal fibronectin in 
cervicovaginal fluid is associated with an increased risk for 
preterm delivery in symptomatic and asymptomatic patients 
(142,178-182). However, the proportion of patients with a 
positive fetal fibronectin who will deliver preterm is small (low 
positive predictive value) in both symptomatic and asympto- 
matic patients (143,152,153). In contrast, this test is considered 
more valuable in identifying patients at low risk for preterm 
delivery (high negative predictive value) (183-185). The 
value of this test relates to its ability to identify the patient 
unlikely to deliver, therefore avoiding unnecessary interven- 
tion. The results of fetal fibronectin may be affected by a history 
of sexual intercourse within 24 hours (186), a pelvic examina- 
tion during the same period of time, or vaginal bleeding. Each 
of these conditions may lead to what has been called a “false- 
positive” test (187). In contrast, the use of lubricant may lead to 


a false-negative result. Amniotic fluid contains fetal fibronectin 
in high concentrations (187). Therefore, a positive test can 
occur if there is membrane rupture or if the sample is 
contaminated with amniotic fluid (187). 


Combined Use of Cervical Sonography and Fetal 
Fibronectin in the Diagnosis of Preterm Labor 

Several studies have examined the value of combining these 
tests to predict preterm delivery. A study by Gomez et al. (171) 
indicated that (i) cervical length in labor is a strong predictor 
of preterm delivery; (ii) a short cervix (defined as a cervical 
length of <15mm) identifies patients at high risk of impending 
preterm delivery (within 48 hours or 7 days of admission); (iii) 
a long cervix (defined as cervical length of 30mm or more) 
identifies patients at low risk of preterm delivery; (iv) a positive 
fetal fibronectin is also associated with spontaneous preterm 
delivery, but the likelihood ratio of a positive test is 
substantially lower for fetal fibronectin than for a short cervix 
(i.e., 3.6 vs. 9.2 for delivering at <35 weeks of gestation) (see 
Tables 3 and 4 for a detailed comparison of cervical length and 
vaginal fetal fibronectin); and (v) the combined use of 
sonographic cervical length and fetal fibronectin improves 
the prediction of preterm delivery over that provided by each 
test alone; however, this effect was observed only when the 
cervical length was <30mm (171,188). Therefore, there does 
not seem to be a justification for performing a fetal fibronectin 
when the cervical length is 30mm or more. 

Our practice is to perform a vaginal speculum examination 
to exclude rupture of membranes (assess the presence of 
pooling and nitrazine testing, and collect samples for ferning) 
and obtain samples for microbiology (including group B 
streptococcus (GBS), and if the prevalence justifies, gonorrhea 


Table 3 Risk of Spontaneous Preterm Delivery Within 48hours, 7days, and 14days According to Cervical Length Results 


and Vaginal Fibronectin Determination 


Delivery within ER 

48hours +P = 
Cervical length <15mm 36.7% (11/30) OW 
Cervical length 215mm 3.2% (6/185) 0.4 
Cervical length <30mm 13.9% (15/108) 1.9 
Cervical length 230mm 1.9% (2/107) 0.2 
Vaginal fetal fibronectin (+) 19.2% (10/52) 2.8 
Vaginal fetal fibronectin (—) 4.3% (7/163) 0.5 


Prevalence of the outcome 7.9% (17/215) 


Abbreviation: LR, Likelihood ratio. 


Table 4 Risk of Spontaneous Preterm Delivery <32 and <35weeks According to Cervical Length Results and Vaginal 


Fibronectin Determination 


Delivery <32 weeks 


58.3% (7/12) 
2.2% (2/89) 
18.4% (9/49) 
0% (0/52) 
30.4% (7/23) 
2.6% (2/78) 
8.9% (9/101) 


Cervical length <15mm 
Cervical length 215mm 
Cervical length <30mm 
Cervical length >30mm 
Vaginal fetal fibronectin (+) 
Vaginal fetal fibronectin (—) 
Prevalence of the outcome 


Abbreviation: LR, Likelihood ratio. 


Delivery within HE Delivery within us 
7 days a> — 14days 4p — 
56.7% (17/30) 8.7 56.7% (17/30) 6.9 
5.9% (11/185) 0.4 9.2% (17/185) 0.5 
23.1% (25/108) 2.0 26.9% (29/108) K9 
2.8% (3/107) 0.2 4.7% (5/107) 0.3 
34.6% (18/52) 3.5 42.3% (22/52) 3.9 
6.1% (10/163) 0.4 7.4% (12/163) 0.4 
13.0% (28/215) 15.8% (34/215) 
LR LR 
4h — Delivery <35weeks aP = 
14.3 63.3% (19/30) 9.2 
0.2 8.1% (15/185) 0.5 
22 27.8% (30/108) 2.0 
0.1 3.7% (4/107) 0.2 
4.5 40.4% (21/52) 3.6 
0.3 8% (13/163) 0.5 


15.8% (34/215) 
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Table 5 Frequency of Spontaneous Preterm Delivery According to Cervical Length (Cut-off 30mm) and Vaginal Fibronectin 
Results 
Cervical Fetal Delivery within Delivery within Delivery within Delivery Delivery 
length <30mm fibronectin + 48 hours 7 days 14days <32 weeks <35 weeks 
No No 2.2% (2/93) 2.2% (2/93) 3.2% (3/93) 0% (0/47) 1.1% (1/93) 

No Yes 0% (0/14) 7.1% (1/14) 14.3% (2/14) 0% (0/5) 21.4% (3/14) 
Yes No 7.1% (5/70) 11.4% (8/70) 12.9% (9/70) 6.5% (2/31) 17.1% (12/70) 
Yes Yes 26.3% (10/38) 44.7% (17/38) 52.6% (20/38) 38.9% (7/18) 47.4% (18/38) 


Prevalence of the outcome 7.9% (17/215) 


13.0% (28/215) 


15.8% (34/215) 8.9% (9/101) 15.8% (34/215) 


Table 6 Frequency of Spontaneous Preterm Delivery According to Cervical Length (Cut-off 15mm) and Vaginal Fibronectin 


Results 

Cervical length Fetal Delivery within Delivery within Delivery within Delivery Delivery 
<15mm fibronectin + 48 hours 7 days <14days <32 weeks <35 weeks 
No No 2.0% (3/149) 3.4% (5/149) 4.7% (7/149) 1.4% (1/74) 4.7% (7/149) 
No Yes 8.3% (3/36) 16.7% (6/36) 27.8% (10/36) 6.7% (1/15) 22.2% (8/36) 
Yes No 28.6% (4/14) 35.7% (5/14) 35.7% (5/14) 25% (1/4) 42.9% (6/14) 
Yes Yes 43.8% (7/16) 75% (12/16) 75% (12/16) 75% (6/8) 81.3% (13/16) 


Prevalence of the outcome 7.9% (17/215) 


and Chlamydia trachomatis). We collect a sample using a Dacron 
swab, and save it to assess fetal fibronectin concentration and 
perform an endovaginal ultrasound examination to measure 
cervical length. This is followed by a digital examination if the 
membranes are intact. 

Approximately 50% of patients presenting with preterm 
contractions will have a cervical length of 30mm or more, and 
this will make testing for fetal fibronectin unnecessary (171). 
However, if the cervical length is <30mm, a fetal fibronectin 
test may be performed to improve the assessment of the 
likelihood of preterm delivery. The magnitude of the increase 
is presented in Tables 5 and 6 and in Figure 5. A practical 
approach is to restrict fetal fibronectin testing between 20 and 
30mm (188), because the patients who have a cervical length 
below 20mm are already at high risk of preterm delivery, and 
the management would not be affected by the improvement in 
risk estimation derived from the performance of the two tests. 
This method is consistent with the study of Hincz et al. (189), 
who proposed a two-step approach. 

Preterm labor is a worldwide challenge, and the perfor- 
mance of tests for the diagnosis of preterm labor should 
consider the availability of resources. In most countries, 
assessment of preterm labor can be conducted with transva- 
ginal sonography without the performance of a fetal 
fibronectin test. Cervical length can be determined with 
transvaginal sonography or even with transperineal sonogra- 
phy in centers that do not have an endovaginal probe (190). 
Ultrasound is widely available in virtually all obstetrical units, 
and the results can be obtained immediately. An immunoassay 
for fetal fibronectin or another analyte can be expensive and 
impractical. The recent development of a bedside test for fetal 
fibronectin has clinical appeal (191,192). 


DIAGNOSTIC WORKUP OF PRETERM LABOR 

The clinical assessment of patients presenting with symptoms 
of preterm labor should include (i) a history of previous 
pregnancies and risk factors (e.g., prior preterm delivery, prior 
second-trimester abortion); (ii) current pregnancy status; 
(iii) presenting complaint(s); (iv) physical examination; 


13.0% (28/215) 


15.8% (34/215) 8.9% (9/101) 15.8% (34/215) 


(v) monitoring of fetal heart rate and uterine contractions; 
(vi) vaginal examination (speculum and/or digital); 
(vii) collection of cervicovaginal samples for microbiology 
(streptococcus group B (GBS), chlamydia, gonorrhea, Gram 
stain for bacterial vaginosis (BV)); (viii) urinalysis, culture, and 
sensitivity; (ix) amniocentesis; (x) fetal fibronectin; and (xi) 
ultrasound (estimated fetal weight, number of fetuses, placental 
location, fetal presentation and lie, amniotic fluid volume, and 
transvaginal cervical length). 


Evaluation for Subclinical Intra-amniotic Infection 
Intra-amniotic infection is a frequent and important cause of 
premature labor and delivery (33,193-203). Most of these 
infections are subclinical in nature, and only 12.5% of patients 
with a positive amniotic fluid culture for microorganisms will have 
a fever or meet the definition of clinical chorioamnionitis (193). 
Patients with intra-amniotic infections are more likely to 
deliver despite the administration of tocolytic agents (204), 
mothers are at an increased risk for pulmonary edema (205-211) 
and neonates for sepsis and other neonatal complications, such as 
intraventricular hemorrhage and periventricular leukomalacia. 
Amniocentesis is offered to patients to assess the microbial 
state of the amniotic cavity and fetal lung maturity. The 
amniotic fluid is considered to be sterile for bacteria. 
Therefore, the identification of bacteria by culture 
(33,193,212) or microbial footprints with molecular techniques 
(213-216) is evidence that microbial invasion of the amniotic 
cavity has occurred. These infections result, in the majority of 
cases, from microorganisms normally present in the vagina, 
which cross the endocervical canal and intact membranes and 
gain access to the amniotic cavity (196). Microorganisms can 
proliferate and gain access to the fetus. Aspiration of infected 
fluid may lead to congenital pneumonia (217), but other 
infections such as otitis, conjunctivitis, and omphalitis can occur 
by direct spread of microorganisms from infected amniotic fluid. 
Seeding from any of these sites to the fetal circulation may lead to 
bacteremia and sepsis. The frequency of intra-amniotic infection 
in patients with preterm labor and intact membranes is 
approximately 10% (193,218); however, the lower the gestational 
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Figure 5 Risk of spontaneous preterm delivery within (A) 48hours, (B) 7 days, (C) 14days, (D) delivery <32 weeks, and (E) <35weeks, according to cervical length 


results and vaginal fetal fibronectin (FFN) determination. 


age at presentation and the shorter the cervix, the higher the 
frequency of intra-amniotic infection and intra-amniotic 
inflammation (219). The organisms most frequently found in 
the amniotic cavity are genital mycoplasmas 
(33,51,193,195,200,220) and aerobic and anaerobic infections. 
Fungi have been identified in pregnancies with a retained 
intrauterine contraceptive device (221-225). 

Amniocentesis is easy to perform in patients with preterm 
labor and intact membranes. The likelihood of infection is 
assessed by rapid tests, such as a Gram stain of amniotic fluid 
(204), amniotic fluid white blood cell count (226), and a 


Source: From Ref. 171. 


glucose determination (227). A positive Gram stain of 
amniotic fluid has a specificity of 99% for intra-amniotic 
infection (false-positive rate 1%) (193). However, it has a 
limited sensitivity because genital mycoplasmas cannot be seen 
on a Gram stain due to their small size. Gram stain 
examinations must be performed by experienced laboratory 
staff, because artifacts and crystals of the reagents may be 
confused with bacteria by inexperienced individuals. 
Neutrophils are not normally present in amniotic fluid. The 
presence of neutrophils is indicative of intra-amniotic 
inflammation (226). An amniotic fluid white blood cell count 
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can be performed easily in a hemocytometer chamber, which 
is universally available in hospitals worldwide. It is the same 
chamber used to perform white blood cell counts in peripheral 
blood. In patients with intact membranes, a white blood cell 
count above 50 cells/mm? has a sensitivity of 80% and a 
specificity of 87.6% in the detection of a positive amniotic fluid 
culture (226). If patients have an elevated white blood cell 
count, but the Gram stain is negative, an infection with genital 
mycoplasmas must be suspected. 

Glucose is a normal constituent of amniotic fluid, and the 
concentration of glucose decreases with advancing gestational 
age (227). In the presence of infection or inflammation, the 
concentrations of glucose in the amniotic fluid decreases (227). 
This has been attributed to a combination of the consumption 
of glucose by microorganisms and by activated neutrophils 
involved in host defense and microbial killing. A glucose 
concentration can be performed by standard analyzers, and it is 
important to alert laboratories that the amniotic fluid glucose 
concentration is much lower than that of plasma or serum. 
A glucose concentration of <14mg/dL has a high sensitivity 
and specificity for the detection of intra-amniotic infection 
(212,228,229). 

The determination of amniotic fluid interleukin-6 (IL-6) is 
a sensitive method to detect intra-amniotic inflammation. A 
concentration above 2.6ng/mL identified patients at risk for a 
positive amniotic fluid culture or impending delivery (218). 
Moreover, these patients are at increased risk for perinatal 
morbidity or mortality. Importantly, patients with an elevated 
amniotic fluid IL-6 and a negative amniotic fluid culture have 
a similar outcome as patients with a positive amniotic fluid 
culture (218). This suggests that there may be infections that 
cannot be detected with current methods (230) or, alternatively, 
that intra-amniotic inflammation due to non-infectious etiology 
is present (231-233) and this is associated with adverse outcome. 

Neutrophils produce a collagenase, which is called matrix 
metalloproteinase 8 (MMP-8). MMP-8 has been proven to be 
an excellent marker for intra-amniotic infection/inflammation 
(234,235). Amniotic fluid MMP-8 >30ng/mL has a sensitivity 
of 82.4%, specificity of 78%, positive predictive value of 36%, 
and negative predictive value of 97.7% for the prediction of 
intra-amniotic infection, defined as positive amniotic fluid 
culture (235). A rapid test (MMP-8 PTD Check test; SK 
Pharma Co. LTD, Korea) has been produced (236,237), which 
has high sensitivity and specificity, as well as likelihood ratios 
for a positive and a negative result (238). 

Amniotic fluid cultures should be performed for aerobic 
and anaerobic bacteria, as well as for genital mycoplasmas. 
Bacteria take time to grow and results may take several days. 
Molecular microbiologic techniques are becoming available 
and would allow detection of bacteria and identification of the 
organisms in 8 hours or less (239,240). 

The detection of microorganisms or intra-amniotic inflam- 
mation is a poor prognostic sign. Patients with preterm labor 
with intact membranes and documented intra-amniotic 
infection/inflammation are unlikely to respond to tocolysis 
(193,218,239,241) and are at risk of developing pulmonary 
edema (205,242,243) if attempts are made to delay delivery 
with tocolysis. Therefore, our approach is to suspend the 
administration of tocolysis in these patients. We continue to 
administer steroids because there is evidence that they cross 
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the placenta and may downregulate the fetal inflammatory 
response syndrome (244). In patients with preterm PROM, 
the management depends upon gestational age. The higher the 
gestational age (e.g., >33 weeks), the better the outcome if the 
decision is to deliver the patient. On the other hand, at a 
gestational age of <32 weeks, treatment must be individua- 
lized. We have previously reported that it is possible to 
eradicate intra-amniotic infection in patients with preterm 
PROM (245,246), as well as in patients with a sonographic 
short cervix with antibiotic treatment (247). 

Amniotic fluid can also be tested for fetal lung maturity. 
This can be done with the standard tests, including the 
lecithin/sphingomyelin (L/S) ratio, phosphatidylglycerol, 
TDx-FLM surfactant albumin ratio, and lamellar body count. 
In the presence of lung maturity, heroic measures with 
aggressive tocolysis should be considered carefully. 

Performance of amniocentesis in patients with preterm labor 
is valuable to identify patients at risk for intra-amniotic 
infection/inflammation and can be performed by individuals 
with expertise in ultrasound and invasive procedures. We 
explain to patients that examination of amniotic fluid is 
necessary to detect the presence of infection and identify the 
microorganism, and that infection is a frequent cause of 
preterm delivery. Although a randomized clinical trial of 
amniocentesis versus management without amniocentesis has 
not been performed, we believe that amniocentesis is indicated 
to identify intra-amniotic infection/inflammation. In any other 
specialty in medicine, identification of infection and the 
microorganism is undertaken. It is only in obstetrics that some 
are hesitant to identify this process. We believe that the benefits 
of identifying intra-amniotic infection/inflammation and estab- 
lishing fetal lung maturity outweigh the risks of amniocentesis, 
which is today a minimally invasive procedure (248-252). 


TREATMENT OF PRETERM LABOR 
Glucocorticoids 
The idea that glucocorticoid administration could induce 
fetal lung maturity was first proposed by Liggins et al. more 
than 50 years ago (253). While studying the mechanisms of the 
onset of parturition in sheep, Liggins reported that adminis- 
tration of steroids to the fetal sheep induced preterm labor and 
that neonatal lambs born under these circumstances had 
inflated rather than collapsed lungs. Aeration of the lungs was 
attributed to the effects of steroids in inducing the production 
of pulmonary surfactant. This observation was followed by a 
randomized clinical trial in humans in which betamethasone 
was reported to decrease the rate of respiratory distress 
syndrome (254). Subsequently, multiple randomized clinical 
trials using either betamethasone or dexamethasone were 
reported (254-275). Systematic reviews of such trials have been 
performed since 1990, and they have consistently concluded 
that the beneficial effects of corticosteroids in neonatal outcome 
extend beyond inducing fetal lung maturity (276,277). 
Glucocorticoid receptors are expressed in many organs; 
and hence, the potential benefit in reducing morbidity such 
as intraventricular hemorrhage, necrotizing enterocolitis, etc. 
The most recent systematic analysis reported by Roberts and 
Dalziel (276) included the review of 21 trials (3885 women and 
4269 infants). Administration of corticosteroids was associated 
with a significant reduction in neonatal death, respiratory 
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Figure 6 Impact of antenatal corticosteroids before anticipated preterm birth on perinatal outcomes. 


Ref. 276. 


distress syndrome, intraventricular hemorrhage, necrotizing 
enterocolitis, admission to neonatal intensive care unit, and 
neonatal infection within the first 48 hours of life (Fig. 6) (276). 
In addition, these benefits accrue without an increased risk 
of clinical chorioamnionitis, puerperal sepsis, or the risk 
of stillbirth. 

The agents administered are either dexamethasone or 
betamethasone because they cross the placenta readily, are 
weaker immunosuppressors than other glucocorticoid steroids, 
and have a longer duration of action than cortisol. The standard 
dosage of betamethasone consists of two intramuscular 12-mg 
doses (24 hours apart), while four intramuscular doses of 6mg 
of dexamethasone should be administered at 6-hour intervals. 
Oral administration of dexamethasone is not recommended, 
because it has been associated with an increased risk of neonatal 
intraventricular hemorrhage (IVH) and sepsis compared with 
intramuscular administration (278,279). 

Betamethasone is preferred over dexamethasone because its 
administration results in a greater reduction in respiratory 
distress syndrome and puerperal infection (280) while the use 
of dexamethasone is associated with a lower frequency of 
intraventricular hemorrhage than betamethasone. However, 
most investigators believe that there is still equipoise between 
the two drugs (255,276,280-—283). 

Glucocorticoids provide beneficial effects to patients 
between 24 and 33-6/7 weeks of gestation (276). Some data 
suggest that there are beneficial effects at 23 weeks of gestation 
(284), while more studies are required to establish efficacy 
between 34 and 36-6/7 weeks of gestation (285,286). 


1 10 Relative risk (95% C.l.) 
0.66 (0.59-0.73) 
0.46 (0.35-0.60) 
0.87 (0.66-1.15) 
0.82 (0.53-1.28) 


0.79 (0.53-1.18) 
0.67 (0.52-0.87) 
0.56 (0.45-0.71) 
0.58 (0.47-0.72) 
0.54 (0.41-0.72) 


0.49 (0.34-0.72) 
0.56 (0.36-0.87) 
0.53 (0.31-0.91) 
0.61 (0.11-3.26) 


0.56 (0.48-0.65) 
0.80 (0.68-0.93) 


0.54 (0.45-0.69) 
0.28 (0.16-0.50) 
0.46 (0.29-0.74) 
0.56 (0.38-0.85) 
0.98 (0.73-1.30) 
0.69 (0.58-0.81) 
0.91 (0.70-1.18) 
1.35 (0.93-1.95) 
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Abbreviation: C.I., confidence interval. Source: From 


Long-term follow-up studies have not uncovered complica- 
tions in children exposed to a single course of antenatal steroids, 
and one study has followed these infants for 30 years (287). 

Although many believe that the benefits of antenatal steroid 
administration occur after 24 hours of initiation of therapy, 
there is evidence that when delivery occurs between the first 
and second dose of betamethasone, there is still a reduction in 
the rate of neonatal death, intraventricular hemorrhage, and 
the need for vasopressors (288). Therefore, benefits accrue 
even if 48 hours have not elapsed since the administration of 
the first dose of steroids. On the other hand, the beneficial 
effects of antenatal corticosteroids are not demonstrable in 
babies born more than 7 days after treatment, and the birth 
weight is significantly reduced (276,289). 


Should Steroid Administration Be Repeated After 7 days? 
Several randomized clinical trials have been conducted to 
address this question. Moreover, a systematic review including 
five trials has been reported (290). The trial reported by 
Crowther et al. (291) (Australasian Collaborative Trial of 
Repeat Doses of Steroids) randomized 982 women (1146 
neonates) at less than 32 weeks of gestation who had received a 
single course of antenatal corticosteroids to receive weekly 
betamethasone or placebo (291). Repeated corticosteroids led 
to a significant reduction in the rate of respiratory distress 
syndrome (33% vs. 41%; p = 0.01), severe lung disease (12% 
vs. 20%; p = 0.0003), less frequent oxygen therapy (56% vs. 
63%; p = 0.03), and shorter duration of mechanical ventilation 
(p = 0.01) (291). 
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In contrast, a randomized controlled trial conducted in the 
United States by Wapner et al. (292) randomly assigned 
495 women at 23 weeks of gestation to receive either 
betamethasone or placebo weekly between 7 and 10 days after 
the initial dose of steroids. The primary outcome of the trial 
was neonatal morbidity as a composite score. There was no 
difference between those patients allocated to repeat steroids 
versus placebo (8% vs. 9.1%}; p = 0.6) (292). Neonates in the 
repeat steroid group had a significantly lower frequency of 
surfactant administration, mechanical ventilation, continuous 
positive airway pressure, and pneumothorax. However, the 
frequency of small for gestational age (<10th percentile) was 
higher in infants exposed to repeated doses of steroids than in 
the control group. Importantly, the frequency of cerebral palsy 
was higher in neonates that received four or more courses of 
maternal corticosteroids, but this was not statistically sig- 
nificant [2.4% (6/248) vs. 0.4% (1/238) ](293). There were no 
differences in physical or neurocognitive outcomes in this trial. 
By contrast, Crowther et al. (294) noted a higher frequency of 
children with behavioral problems (e.g., attention deficit and 
emotional reactivity), but no differences in the frequency 
of cerebral palsy [repeat steroids, 4.2% (22/521) vs. 4.8% 
(25/528)]. 

There are several differences in these two trials. The dose in 
the study of Crowther et al. was 11.4mg/week of betametha- 
sone, while the study of Wapner et al. used 24mg/week. Also, 
more women received four or more doses of steroids in the 
Wapner et al. trial than those in the Crowther et al. trial. 

Murphy et al. (295) reported results of a randomized clinical 
trial of the multiple courses of antenatal corticosteroids for 
preterm birth. In this study, 1858 women between 25 and 
32 weeks who were undelivered 14 to 21 days after the initial 
dose of steroids were randomized to repeat doses of steroids 
(n = 973) or placebo (n = 921) every 14 days until 33 weeks of 
gestation or delivery, whichever came first. The primary 
endpoint was a composite of perinatal morbidity and 
mortality. Infants exposed to multiple courses of steroids 
had similar morbidity and mortality rates to those allocated 
to placebo (12.9% vs. 12.5%). In this study, exposure to 
steroids was associated with a lower birth weight, lower length 
at birth, and smaller head circumference. The authors 
concluded that multiple courses of steroids could not be 
recommended. 

An individual patient meta-analysis is in progress but results 
are not available at the time of this writing. The American 
Congress of Obstetricians and Gynecologists has recommended 
that only one course of betamethasone (12mg in two doses, 24 
hours apart) should be given to women in preterm labor. 
In contrast, in Australia and New Zealand, repeat doses are 
given weekly to women at risk up to 32 weeks of gestation. 

Another strategy for repeat steroids is what is referred to as 
“rescue” therapy. In this instance, repeat steroids are 
administered only to patients with impending delivery. In a 
study by Garite et al. (296), patients who were diagnosed to 
have an episode of preterm labor at less than 33 weeks and 
received a complete course steroids before 30 weeks more than 
two weeks ago were randomized to receive either a single 
“rescue” course of betamethasone (12mg; 2 doses, 24 hours 
apart) or placebo. Patients with rupture of membranes, 
advanced cervical dilatation (>5cm), and chorioamnionitis 
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were excluded. Of the 433 patients randomized (223 to 
“rescue” steroids and 214 to placebo), 55% in each group 
delivered at less than 34 weeks of gestation. In the rescue group 
there was a significant reduction in the primary outcome 
(composite neonatal morbidity below 34 weeks) (43.9% vs. 
63.6%; OR 0.45; 95% CI, 0.27—-0.75; p = 0.002). There was also 
a significant decrease in respiratory distress syndrome, 
ventilatory support, and surfactant use (296). This observation 
suggests that “rescue” therapy can be considered with an 
understanding that prediction of the patient who is at risk of 
impending delivery is difficult. 


TOCOLYTIC THERAPY 

The basic premise behind the use of tocolytic treatment is that 
the administration of pharmacologic agents can inhibit 
myometrial contractions, prolong pregnancy, and reduce the 
rate of neonatal morbidity and mortality. Intravenous alcohol 
was the first agent introduced to delay preterm delivery (297). 
Its use was accompanied by an unacceptable rate of maternal 
complications. Since that time, multiple pharmacologic agents 
have been used, including beta-adrenergic agents, magnesium 
sulfate, oxytocin receptor antagonists, calcium-channel block- 
ers, nitroglycerin, and prostaglandin synthase inhibitors. 
Decades of research indicate that tocolysis can prolong 
pregnancy for 48 hours to 7 days (298-301). This prolongation 
of gestation is considered beneficial, because it allows the 
transfer of patients to a tertiary care facility and, importantly, 
the administration of corticosteroids. The hope that the use of 
tocolysis would reduce the rate of preterm birth has not been 
realized. It is possible that the ideal agent has not been 
identified. Alternatively, it is possible that tocolysis, as a 
strategy, would not succeed if a serious pathologic process 
which has led to activation of the myometrium and other 
components of the common pathway of parturition is not 
treated. For example, the administration of beta-adrenergic 
agents in patients with documented intrauterine infection is 
not effective in prolonging pregnancy and may result in an 
increased rate of maternal pulmonary edema (205,242,243). 
Therefore, many studies of tocolysis are confounded by 
including patients who will not benefit from inhibition of 
uterine contractility. 


Beta-adrenergic Receptor Agonists 
The first and only agent approved for tocolysis in the United 
States by the Food and Drug Administration (FDA) was 
ritodrine, a selective beta-2 adrenergic agent. This drug is no 
longer marketed in the United States. This class of agents 
achieves myometrial relaxation by binding to the beta-2 
adrenergic receptor and increasing the levels of intracellular 
cyclic adenosine monophosphate, which, in turn, activates 
protein kinase, inactivates myosin light-chain kinase, and 
inhibits myometrial contractility (302-304). Agents in this 
class include terbutaline and fenoterol (4). A meta-analysis 
including 11 randomized clinical trials (1320 women) in which 
beta-adrenergic agents were compared with placebo indicates 
that these agents reduce the rate of delivery within 48 hours, but 
not within 7 days (300). There was no evidence of a significant 
decrease in perinatal or neonatal morbidity and mortality. 
The use of beta-adrenergic agents is associated with 
maternal and fetal side effects. The most common are 
maternal and fetal tachycardia, tremor, headache, nausea, 
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vomiting, hypokalemia (301), and hyperglycemia (300,301). 
Hypotension due to peripheral vasodilatation is a common 
problem (305). Maternal cardiac arrhythmias and myocardial 
ischemia have been reported during the course of tocolysis 
with these agents (306). The onset of chest pain should be 
taken seriously during the course of therapy. Because of 
metabolic effects (hyperglycemia) of beta-adrenergic agents, it 
is best to use other agents in patients with glucose intolerance. 
Neonatal side effects include hypoglycemia (4), hypocalcemia 
(4), and myocardial damage (case reports) (307). 

There is no evidence that maintenance treatment with either 
oral or subcutaneous beta-adrenergic agents is beneficial. 
Some have used subcutaneous terbutaline administered via a 
pump; however, randomized clinical trials do not show 
evidence of efficacy (308,309). Recently, the FDA has issued 
a black-label warning for terbutaline administration based 
upon reports of some maternal deaths associated with its use 
(310,311). Fenoterol is used in Europe, and there is 
considerable experience with this agent in Germany. 

A common practice in patients who present with preterm 
uterine contractions is to administer a single subcutaneous 
dose of terbutaline. Patients in whom contractions persist are 
at increased risk for preterm delivery (312). 


Magnesium Sulfate 

This tocolytic agent can cause a reduction in uterine contractility 
in vitro and in vivo (313). Magnesium hyperpolarizes the cellular 
membrane and inhibits myosin light-chain kinase activity 
by competing with intracellular calcium (314-316). Despite its 
wide utilization in the United States, the largest randomized 
clinical trial in which magnesium sulfate was compared with 
placebo concluded that magnesium sulfate was not effective in 
prolonging pregnancy (317). Meta-analyses of randomized trials 
in which magnesium was compared with placebo or other agents 
do not show differences in prolongation of pregnancy for 48 
hours (318). Maternal and neonatal side effects of magnesium 
sulfate are well known since this drug is used to prevent seizures 
in pre-eclampsia. Common side effects include nausea and 
vomiting, a metallic taste in the mouth, lethargy, and hot flashes. 
Pulmonary edema has been reported in patients receiving this 
drug. Since magnesium crosses the placenta, prolonged admin- 
istration can lead to hypermagnesemia in the neonate. 
A systematic review reported by Crowther et al. (318) in which 
more than 2000 women were included in 23 trials concluded that 
magnesium was not effective in preventing preterm delivery and 
was associated with an increased risk of death (fetal and pediatric) 
(RR 2.8; 95% CI, 1.20-6.62). Grimes and Nanda have called fora 
discontinuation of magnesium sulfate as a tocolytic agent (319). 
There is no evidence that oral magnesium administration can 
prevent preterm birth or is effective for maintenance of tocolysis. 


Calcium-Channel Blockers 
These agents inhibit uterine contractility by blocking the 
calcium channels and, thereby, the influx of calcium through 
the cell membrane as well as the release of intracellular calcium 
from the sarcoplasmic reticulum (320,321). Nifedipine is the 
most popular agent used as a tocolytic agent. Its use is based on 
comparative trials with beta-adrenergic agents. 

A recent systematic review indicates that nifedipine is 
as effective as beta-adrenergic agents in delaying delivery for 48 


hours (298). However, nifedipine was superior to beta- 
adrenergic receptor agonists in delaying delivery of 7 days 
within initiation of therapy and also in improving clinically 
important neonatal outcomes such as respiratory distress 
syndrome, necrotizing enterocolitis, intraventricular hemor- 
rhage, jaundice, admission to the neonatal intensive care unit 
(NICU), and length of stay in the NICU. Moreover, nifedipine 
use was associated with fewer maternal side effects and a lower 
rate of discontinuation of treatment than beta-adrenergic 
agents. Follow-up of infants exposed to either nifedipine 
or beta-adrenergic agents showed no difference in neurode- 
velopmental status at 2 years of age (322), or psychological or 
motor function at 9 to 12 years of age (323). There are 
insufficient data to assess the efficacy of nifedipine against 
oxytocin receptor antagonists or nitric oxide. There was no 
evidence that maintenance therapy with nifedipine was 
efficacious. The proposed dose of administration is 10mg 
orally or sublingually. If contractions persist, this dose can be 
repeated every 15 to 20 minutes up to a maximal total dose of 
40mg during the first hour of treatment, then 20mg orally 
every 6 to 8 hours for 2 to 3 days. The side effects of nifedipine 
include headache, flushing, dizziness, hypotension, and nausea 
(324). Suppression of maternal heart rate, contractility, and 
left ventricular systolic pressure may also occur. Concurrent 
administration of magnesium with calcium-channel blockers 
may result in neuromuscular blockade and pulmonary edema 
(325,326). However, a retrospective case-control study con- 
cluded that the use of nifedipine and magnesium sulfate 
together in patients with pre-eclampsia does not increase the 
risk of serious magnesium-related effects including neuro- 
muscular blockade (327). 


Prostaglandin Synthase Inhibitors 

Prostaglandins are considered the universal mediators of labor 
and can induce uterine contractility and cervical ripening. The 
therapeutic target is the cyclooxygenase (COX) enzyme, which 
catalyzes the conversion of arachidonic acid to the inter- 
mediate product of prostaglandins, PGH. There are two COX 
enzymes, COX-1 and COX-2. The former is the constitutive 
enzyme, and the second is the inducible enzyme. Indometha- 
cin is a non-specific inhibitor of COX, while nimesulide is a 
specific inhibitor of COX-2. One of the randomized clinical 
trials in which indomethacin was compared with placebo 
concluded that indomethacin resulted in a reduction in the 
rate of preterm birth (defined as <37 gestational weeks) 
(328,329). However, this trial included only 36 women, and 
there was no difference in neonatal outcome. Comparative 
trials (with either beta-adrenergic agents or magnesium 
sulfate) show that COX inhibitors reduced the rate of 
preterm birth before 37 weeks and the frequency of adverse 
events (329). However, there was no demonstrable improve- 
ment in neonatal outcome. Two studies comparing non- 
selected COX inhibitors versus COX-2 inhibitors did not 
demonstrate differences in maternal and neonatal outcome 
(329-331). It is recognized that the trials have been of small 
sample size. 

Adverse events include nausea, vomiting, heartburn, 
gastrointestinal bleeding, and impairment of platelet function 
(prolonged bleeding time). Indomethacin should not be 
administered in patients with peptic ulcer, kidney, or liver 


1.12 


disease. The drug crosses the placenta readily, and the 
most common side effects include stenosis of the fetal 
ductus arteriosus and oligohydramnios (328,332). There is 
also a concern about impairment of platelet function in the 
neonates (333). However, a meta-analysis of 28 studies showed 
no significant differences in the rates of intraventricular 
hemorrhage, patent ductus arteriosus, necrotizing enterocoli- 
tis, and neonatal mortality between the two groups (334). 
The standard recommendation is not to use the agent after 32 
weeks of gestation or longer than 50mg (4). Indomethacin is 
used as an acute tocolytic. The oral dose of indomethacin is a 
50 mg loading dose, followed by 25 to 50mg every 6 hours for 
48 hours (total duration of treatment). The drug can also be 
administered rectally as a suppository. 


Nitric Oxide Donors 

Nitric oxide can induce relaxation of smooth muscle by 
increasing cyclic guanosine monophosphate, which inhibits 
myosin light-chain kinases. Nitroglycerin is a nitric oxide 
donor. The initial trials with nitroglycerin for tocolysis 
suggested that it was comparable with ritodrine (335). 
A randomized, double-blind, placebo-controlled trial was 
conducted in which patients (n = 153) with preterm labor 
(between 24 and 32 weeks of gestation) were randomized to 
receive transdermal nitroglycerin (0.4mg/h) or placebo 
patches (336). The primary endpoint of this study was a 
composite of neonatal morbidity and mortality. Infants born 
to mothers allocated to transdermal nitroglycerin had a 
significantly lower composite neonatal outcome compared 
with placebo (RR 0.29, 95% CI 0.08-1.00; p = 0.048). 
The number needed to treat was 10. Preterm birth prior to 28 
weeks of gestation was reduced by 50% (RR 0.50, 95% CI 
0.23-1.09). Patients receiving nitroglycerin had significantly 
more maternal side effects than those allocated to placebo. The 
most common side effects were headache and local irritation 
from the patch. Importantly, in this trial, none of the subjects 
received other tocolytics from randomization to delivery. 
Therefore, this is a unique trial in the history of tocolytic 
therapy. Long-term follow-up of infants enrolled in a previous 
trial of nitroglycerin patches versus beta-adrenergic agonists 
showed that there was no significant difference in psycho- 
metric testing at the age of 2 (337). 


Oxytocin Receptor Antagonists 
Oxytocin is a powerful stimulant of myometrial contractions. 
Its receptor is widely distributed in myometrium and decidua. 
Atosiban, an oxytocin receptor antagonist, can block sponta- 
neous and oxytocin-induced uterine contractility. This agent is 
used widely in Europe, but is not available in the United States. 
Comparative randomized clinical trials in which patients 
were allocated to beta-mimetic agents or atosiban indicated 
that atosiban had the same efficacy, but fewer maternal adverse 
events (338-341). These studies were conducted by a world- 
wide atosiban versus beta-adrenergic agonists study group and 
included comparisons of this agent with ritodrine, salbutamol, 
and terbutaline. Tocolytic effectiveness was similar in terms of 
gestational age at delivery, but maternal side effects, particu- 
larly cardiovascular adverse events, were less frequent in 
patients allocated to atosiban than in patients allocated to 
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beta-adrenergic agents (8.3% vs. 81.2%, p < 0.001) (341). This 
was associated with a lower rate of discontinuation of 
treatment due to side effects (1.1% vs. 15.4%, p = 0.0001). 

A large randomized clinical trial in which patients in preterm 
labor were allocated to either atosiban- or placebo-initiated 
treatment showed that atosiban-treated patients were signifi- 
cantly less likely to deliver within 24 hours, 48 hours, and 7 days 
than patients with placebo-initiated treatment (342). There 
was no difference in the interval from enrollment to delivery 
between the two groups. In this study, the rate of fetal/infant 
death was greater in patients allocated to atosiban than placebo. 
This was attributed to an excess number of patients with 
gestational ages less than 24 weeks allocated to the atosiban arm 
compared with the placebo-initiated treatment. Similarly, there 
was an excess of infection-associated preterm labor and delivery 
in patients allocated to atosiban. This concern for safety was 
probably the reason the FDA did not approve atosiban in the 
United States. Another randomized clinical trial in which 
patients with an episode of preterm labor were treated with 
atosiban and subsequently randomized to either maintenance 
therapy with atosiban (subcutaneous pump) or placebo showed 
that maintenance therapy was not associated with a reduction in 
the rate of preterm delivery (343). However, in this trial, 
prolonged exposure to atosiban did not result in an excess of 
fetal or infant death. This finding, coupled with the extensive 
experience in Europe with atosiban, makes it unlikely that there 
is a toxic effect of atosiban on the fetus. 


Antibiotics in Preterm Labor 

Several randomized clinical trials have tested the effect of 
antibiotics versus placebo in patients with an episode of preterm 
labor (344-354). A systematic review of such intervention 
demonstrated that antibiotic administration (ampicillin and/or 
erythromycin) does not reduce the rate of preterm delivery or 
neonatal complications. The largest trial conducted to date is 
the ORCALE II trial (346), in which 6295 women were 
randomized to placebo, amoxicillin/clavulanic acid, erythro- 
mycin, and the combination of amoxicillin/clavulanic acid and 
erythromycin. 

The study that followed the infants enrolled in the ORACLE II 
trial at the age of 7 years indicated that those exposed to 
antibiotics have an increased rate of cerebral palsy, which was 
modest in magnitude, but statistically significant (355). 
This unexpected observation suggests that antibiotic adminis- 
tration to women without demonstrable infection could cause 
harm. However, the precise mechanism by which antibiotic 
administration can cause neurologic injury is unknown. 
One possibility is that antibiotics may cause the release of 
microbial products, which could initiate an inflammatory 
reaction, and change the nature of the host—microbial interaction 
in normal pregnancy and fetal life. These observations, and the 
lack of efficacy of adjuvant antibiotics in the prevention of 
preterm delivery and neonatal morbidity, suggest that antibiotics 
should not be used in patients with preterm labor and intact 
membranes. However, this does not apply to the prevention of 
vertical transmission of GBS. Antibiotic administration is 
effective in reducing the rate of neonatal GBS sepsis and should 
be used in patients at risk (356-361). The recommended 
treatment is penicillin G 5 million units intravenously, followed 
by 2.5 to 3 million units every 4 hours. Patients allergic 
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to penicillin can receive either clindamycin (900mg IV every 8 
hours) or erythromycin (500mg IV every 6 hours), if the 
isolate microorganism is susceptible to clindamycin or 
erythromycin, or vancomycin (1g IV every 12 hours) if the 
isolate microorganism is resistant to the clindamycin or 
erythromycin or in cases of unknown susceptibility (362). 


Magnesium Sulfate for Neuroprotection 

Preterm delivery is a major risk factor for cerebral palsy. 
Several randomized clinical trials have been conducted to test 
the effect of magnesium sulfate in the prevention of cerebral 
palsy after a report by Nelson and Grether (363) suggesting 
that in utero exposure to magnesium sulfate was associated 
with a lower rate of cerebral palsy in infants born weighing less 
than 1500g. 

A systematic review of six trials (364), involving 4796 women 
and 5357 infants, indicated that antenatal magnesium sulfate 
was associated with a significant reduction in the risk of cerebral 
palsy (RR 0.69, 95% CI 0.55—0.88), moderate or severe cerebral 
palsy (RR 0.64, 95% CI 0.44-0.92), and substantial gross motor 
dysfunction (RR 0.60, 95% CI 0.43—0.83). There was no overall 
difference in the risk of total pediatric mortality (RR 1.01, 95% 
CI 0.89-1.14). Minor side effects were more frequent among 
women receiving magnesium sulfate. Therefore, we recom- 
mend the use of magnesium sulfate for neuroprotection in 
women at high risk for preterm delivery before 34 weeks of 
gestation. The loading dose of magnesium sulfate is 6g and 
the maintenance dose 1 to 2g/h, for 24 hours. This treatment 
should be restricted to patients expected to deliver within 24 
hours. It has been used in patients with both intact and 
ruptured membranes. Using this approach, it has been 
estimated that the incremental cost of preventing one case 
of cerebral palsy would be approximately $10,291 (95% 
CI $6135-$29,685) (364). 


Prediction of Spontaneous Preterm Delivery 

The risk factors associated with preterm delivery/preterm 
PROM (3) include a sonographic short cervix (2,166-169, 
173,174,247), African-American race (365-368), and a prior 
history of preterm delivery (2,369). There is conflicting evidence 
of the efficacy of antibiotic treatment for BV in women with a 
prior preterm birth. Some studies suggest a benefit to the use of 
antibiotics for these patients (370-372) and others have not 
shown this benefit (373-376). A systematic review of seven 
randomized clinical trials demonstrated no evidence of benefit 
for screening or treating low-risk pregnant women who are 
asymptomatic for BV. Furthermore, they found no advantage to 
screening for and treating BV in the general population of 
pregnant women who are asymptomatic for BV (373). 

Fetal fibronectin has been used in the evaluation of 
asymptomatic women to predict their risk of preterm delivery. 
Numerous meta-analyses (176,184,377—380) have concluded 
that cervicovaginal fetal fibronectin testing might be clinically 
useful in the prediction of preterm birth, with an emphasis 
given to the high negative predictive value of the test, 
particularly in women who are symptomatic of threatened 
preterm labor and for delivery within 7 to 10 days of sampling. 
Kurtzman et al. (381) have proposed the use of quantitative 
fetal fibronectin screening in asymptomatic women with a 


prior preterm delivery. This group demonstrated that quantita- 
tive fetal fibronectin assessment at 24 weeks of gestation could be 
used to predict the risk of spontaneous preterm delivery before 
34 weeks of gestation, and that this risk increased as the quantity 
of fetal fibronectin (FFN) increased [compared with an FFN = 0 
ng/mL; RR 2.42 (FEN 1-49ng/mL; 95% C1 0.76-5.66), 4.68 (FFEN 
50-199 ng/mL; 95% CI 1.28-10.95), and 9.94 (FFN>200 ng/mL; 
95% CI 2.90-19.67)] (381). 

Recently, Conde-Agudelo and Romero conducted a sys- 
tematic review and meta-analysis of 15 studies investigated the 
accuracy of cervicovaginal fetal fibronectin in predicting 
preterm birth in women with multiple gestations (382). This 
study demonstrated that among asymptomatic women with 
multiple or twin pregnancies, the pooled sensitivities, 
specificities, and positive and negative likelihood ratios for 
predicting preterm birth before 32, 34, and 37 weeks of 
gestation ranged from 33% to 45%, 80% to 94%, 2.0 to 5.5, 
and 0.68 to 0.76, respectively. Among women with twin 
pregnancies and threatened preterm labor, the test was most 
accurate in predicting spontaneous preterm birth within 7 days 
of testing (pooled sensitivity, specificity, and positive and 
negative likelihood ratios of 85%, 78%, 3.9, and 0.20, 
respectively). 

These findings provided evidence that cervicovaginal fetal 
fibronectin has limited accuracy in predicting spontaneous 
preterm birth in both asymptomatic and symptomatic women 
with multiple pregnancies because the likelihood ratios for 
positive and negative test results generated only minimal to 
moderate changes in the pretest probabilities of preterm birth. 
The test is most accurate in predicting spontaneous preterm 
birth before 32 weeks of gestation in asymptomatic women 
with multiple or twin pregnancies, and spontaneous preterm 
birth within 7 days of testing in women with twin pregnancies 
and threatened preterm labor (382). 


A Short Sonographic Cervical Length: a Powerful Predictor 
of Preterm Delivery 

Cervical sonography is the most objective and reliable method 
to assess cervical length (168,172—-174,383,384). Furthermore, 
cervical length is the most powerful predictor of spontaneous 
preterm delivery. The shorter the sonographic cervical length 
in the midtrimester, the higher the risk of spontaneous 
preterm labor/delivery (168,173,174,383). There is no agree- 
ment as to what is a sonographic short cervix. For example, 
Iams et al. (174) proposed that a cervix of 26mm or shorter at 
24 weeks of gestation increases the risk for spontaneous 
preterm delivery (RR 6.19, 95% CI 3.84-9.97). The prevalence 
of spontaneous preterm delivery (defined as <35 weeks) in this 
study was 4.3%, and the positive predictive value was 17.8% 
for a cervical length of <25mm at 24 weeks of gestation (174). 
Thus, most women with a short cervix (defined as <25mm) 
and no history of previous preterm birth will not deliver a 
preterm neonate. Other investigators have proposed a cut-off 
of 15mm (173,383), because a cervical length of 15mm or less 
is associated with nearly a 50% risk of spontaneous preterm 
delivery at 32 weeks of gestation or less, when neonatal 
morbidity is substantial (171,173,219,247,383,385-390). To 
et al. (385) have developed a method to assess the risk of 
preterm delivery for individual patients using sonographic 
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cervical length and other maternal risk factors such as maternal 
age, ethnic group, body mass index, cigarette smoking, and 
previous cervical surgery. Importantly, sonographic cervical 
length is the single most powerful predictor for preterm birth in 
the index pregnancy (172,384) and is far more informative than 
a history of previous preterm birth (172,385,391). This has 
implications in the selection of patients for future trials and the 
interpretation of past trials. Specifically, all trials conducted to 
date (392-396), execpt one (397), have identified patients for 
study based upon a history of previous preterm birth. As much 
as preterm birth is a syndrome, it is likely that the risk conferred 
by a previous preterm delivery may vary within and between 
populations. This may explain the apparent contradictory 
results between trials [i.e., conflicting reports of trials of vaginal 
progesterone (395,396) and the wide range of preterm birth 
among control groups (394-396)]. 

Sonographic cervical length is not a screening test for 
spontaneous preterm delivery because only some of the 
patients who will have a spontaneous preterm birth have a 
short cervix in the midtrimester. However, sonographic 
cervical length is a method for risk assessment for spontaneous 
preterm delivery. Its importance derives from the observation 
that, as a fraction of patients with a history of previous preterm 
birth who shorten their cervix during the index pregnancy may 
benefit from therapeutic cervical cerclage (398,399), patients 
with a short cervix may benefit from vaginal progesterone 
administration to reduce the rate of spontaneous preterm 
birth (397). 

Cervical ultrasound is a powerful tool in performing risk 
assessment for spontaneous preterm birth. It is simple to 
perform, inexpensive when performed at the time of second- 
trimester screening for anomalies, informative, and can 
provide an estimate of risk in primigravidae. We believe that 
measuring cervical length should be part of standard sono- 
graphic examination in the midtrimester. Other tools may help 
to refine the estimation of risk. Such tools can range from 
vaginal fibronectin (219,400), the collascope (165,401—403), 
amniotic fluid analysis (220,226,227,235,238,404—407), and 
the presence/absence of “amniotic fluid sludge” (408,409), to 
genetic analysis of DNA variants of the progesterone receptor 
(410-413). These may help determine patients who will 
respond to progestogens or other treatments and those who 
will not and realize “personalized perinatal medicine” in the 
21st century. 


Amniotic Fluid “Sludge” 
Particulate matter in the amniotic fluid is present in about 4% 
of pregnancies during transvaginal ultrasound in the first and 
early second trimesters (414). Particulate matter in the first 
two trimesters of pregnancy has been associated with intra- 
amniotic bleeding (415,416) and the acrania-anencephaly 
sequence (417), and has been observed in women with high 
concentrations of maternal serum o-fetoprotein (418). In 
contrast, in the last trimester of pregnancy, particulate matter 
and “echogenic amniotic fluid” have been attributed to the 
presence of vernix caseosa and/or meconium (419-422), and 
with a lecithin-sphingomyelin ratio indicative of lung 
maturity (423,424). 

Amniotic fluid “sludge” is defined as particulate matter seen 
in the proximity of the internal cervical os during a 
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transvaginal sonographic examination of the cervix and occurs 
in 1% of uncomplicated pregnancies (408) (Fig. 7). The first 
description of amniotic fluid sludge was in patients in preterm 
labor. Espinoza et al. (408) conducted a retrospective study of 
84 patients in preterm labor with intact membranes. The 
prevalence of amniotic fluid sludge was 22.6% (19 of 84) in 
patients with preterm labor. Patients with amniotic fluid 
sludge had a higher frequency of positive amniotic fluid 
cultures [33.3% (6 of 18) vs. 2.5% (1/40), p = 0.003] 
and histological chorioamnionitis [77.8% (14 of 18) vs. 19% 
(11 of 58), p < 0.001], and a higher rate of spontaneous 
preterm delivery within 48 hours [42.9% (6 of 14) vs. 4.4% 
(2 of 45), p = 0.001], within 7 days [71.4% (10 of 14) vs. 
115.6% (7 of 45), p< 0.001], less than 32 weeks [75% (9 of 12) 
vs. 25.8% (8 of 31), p = 0.005], and less than 35 weeks [92.9% 
(13 of 14) vs. 37.8% (17 of 45), p < 0.001] than those without 
amniotic fluid “sludge.” Stepwise logistic regression analysis 
indicated that the presence of sludge was independently 
associated with the likelihood of spontaneous delivery within 
48 hours and 7 days, but not less than 32 weeks or less than 
35 weeks. Survival analysis demonstrated that patients with 
amniotic fluid “sludge” had a shorter examination-to-delivery 
interval compared with those without “sludge” [sludge 
median: 1 day 

(interquartile range: 1-5 days) versus no sludge, median: 
33 days (interquartile range: 18-58 days); p < 0.001]. These 
results indicate that amniotic fluid “sludge” during transva- 
ginal examination of the cervix is a risk factor for intra- 
amniotic infection, histological chorioamnionitis, and 
impending preterm delivery (408). 

The presence of amniotic fluid “sludge” on transvaginal 
examination in asymptomatic patients is also associated with 
delivery within 14 days of ultrasound and preterm delivery at less 
than 32 and less than 34 weeks (409,425). Amniotic fluid sludge 
has also been identified as an independent risk factor 
for spontaneous preterm delivery at less than 28 weeks, less than 
32 weeks, and less than 35 weeks of gestation; and for preterm 
PROM; intra-amniotic infection; and histological chorioamnio- 
nitis (409). Furthermore, asymptomatic patients with amniotic 
fluid sludge had shorter ultrasound-to-delivery and ultrasound- 
to-preterm PROM intervals than those without sludge (409,425). 

Recently, amniotic fluid sludge has been demonstrated to 
represent a biofilm (426,427). A sample of sludge was retrieved 
by transvaginal amniotomy under ultrasound guidance from a 
patient at 28 weeks with spontaneous labor and clinical 
chorioamnionitis. Grossly, the sludge had a “pus-like” 
appearance and the Gram stain showed gram-positive bacteria. 
The amniotic fluid culture was positive for Streptococcus 
mutans, Mycoplasma hominis, and Aspergillus flavus. Of 
interest, the results of the amniocentesis performed at the 
time of admission for preterm labor were negative for intra- 
amniotic infection (426,427). The aspirated sludge was then 
analyzed further. Scanning electron microscopy showed flocs 
of amniotic fluid sludge that consisted of bacterial cells and the 
exopolymeric matrix material that are typical of a biofilm 
(Fig. 8) (427). The evidence that sludge represents a biofilm in 
this case includes the following: (i) the presence of bacteria 
detected by fluorescence in situ hybridization, with the use of a 
probe against the conserved sequence of prokaryotes; 
(ii) bacterial aggregates were separated by material that resembled 
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Figure 7 Amniotic fluid “sludge” seen in proximity of the internal cervical os during a transvaginal sonographic examination of the cervix. Source: From 


Ref. 505. 


Figure 8 Examination of sludge using scanning electron microscopy. Source: 
From Ref. 427. 


a matrix; and (iii) lectin-based identification of exopolymeric 
matrix that stained with wheat germ agglutinin (427). 

The clinical significance of this relates to the challenges 
encountered with diagnosis and treatment of this condition. 
First, the diagnosis of microbial invasion in the presence of 
biofilms is extremely challenging, and current cultivation 
techniques are inadequate to detect such infections. The 
consequences are that the frequency of infection of the 
amniotic cavity may be underestimated and that molecular 
microbiologic techniques will be required to improve 
diagnosis. Second, the optimal treatment of biofilm-related 
infections represents a challenge in clinical medicine. Anti- 
microbial agents appear to be inactivated or fail to reach 
bacteria within a biofilm. Interestingly, bacteria within 
biofilms have increased resistance to antimicrobial com- 
pounds even though the same bacteria can be sensitive to the 
same agent if grown under standard conditions (428-431). 
Thus, the difficulties in treating intra-amniotic infection may 
be due to the refractoriness of biofilms to conventional 
antibiotic treatment. Third, biofilms in the amniotic fluid may 


represent a unique form of these structures, which can be 
dislodged by fetal movement, resulting in seeding of 
planktonic bacteria and the eliciting of an inflammatory 
response. 


Progestogens for the Prevention of Preterm Birth 

The importance of progesterone in the maintenance of 
mammalian pregnancy is well-established (90,97,116,432—446), 
and the suspension of progesterone action is believed to be 
central to the initiation of parturition in most mammalian 
species, including primates (90,97,410,436,438,442,443,447). 
Yet the precise mechanism for this in humans has not been 
elucidated (90,97,98,436,439,443,448—45 1). 

Progestogen (a term that, like progestins, describes both 
“natural” progesterone and synthetic compounds with 
progesterone action) (452) administration to prevent sponta- 
neous abortion (453-465) and preterm birth (392-395,397, 
454,466-469) has been a subject of investigation for several 
decades. The use of progesterone in the first trimester of preg- 
nancy to “support corpus luteum function” is a well-established 
clinical practice (453,455,456,460,461,463,465,470), and for- 
mulations of progesterone for this indication have been 
approved by the FDA (http://www.accessdata.fda.gov/scripts/ 
cder/drugsatfda/index.cfm) and regulatory agencies in Europe 
and other countries (471). 

The results of the early trials for the use of progestogens for 
the prevention of preterm birth or recurrent abortion were 
contradictory; as were the meta-analyses of such trials 
(470,472,473). For example, the meta-analysis of Goldstein 
et al. (473) included trials employing several progestational 
agents and could not demonstrate a beneficial effect of 
progesterone on the prevention of preterm birth. The meta- 
analysis of Professor Marc Keirse (472) focused only on studies 
of 17 alpha-hydroxyprogesterone caproate and examined its 
effect on different endpoints: “early curtailment of gestation, 
whether by miscarriage (<20 weeks or <500g) or by preterm 
birth (<37 weeks).” Despite these encouraging results, little 
clinical research on the subject was conducted for more than a 
decade. 
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The Use of Progestogens in Women with a Prior History 
of Preterm Birth 

In 2003, two trials were reported in women with a prior 
history of preterm birth. The first study Fonseca et al. (395) 
randomized 142 women with risk factors for preterm birth to 
receive 100mg vaginal progesterone or placebo between 24 
and 34 weeks of gestation (395). In this trial, the rate of 
preterm delivery at both <37 and <34 weeks was significantly 
lower in women allocated to progesterone treatment than to 
placebo [<37 weeks, progesterone 13.8% (10/72) vs. placebo 
28.5% (20/70), p = 0.03; and <34 weeks, progesterone 2.8% 
(2/72) vs. placebo 18.6% (13/70), p = 0.002]. 

Another trial (by Meis et al.) (394) evaluated the use of 
weekly injections of 17 alpha-hydroxyprogesterone caproate 
(250mg IM between 16 and 36 weeks, n=310; and placebo, 
n = 153) in women with a prior preterm birth. The authors 
reported a reduction in the rate of preterm birth before 37 
(36.3% vs. 54.9%, RR 0.66, 95% CI 0.54-0.81) and 35 (20.6% 
vs. 30.7%, RR 0.67, 95% CI 0.48-0.93) weeks of gestation. 

The largest randomized clinical trial in which patients with a 
history of a previous spontaneous preterm delivery were 
allocated to receive vaginal progesterone (90mg/day) in a 
bioadhesive formulation/gel or placebo was conducted by 
O'Brien et al. (396) The primary endpoint for the trial was 
preterm delivery (<32 weeks). All patients had transvaginal 
sonography to determine the cervical length at enrollment and 
at 28 weeks. Randomization-to-delivery interval in patients 
who received tocolytic therapy for preterm labor or shortening 
of the cervix was considered a secondary outcome. 

This multinational trial involved 53 centers and 659 women 
with a singleton pregnancy who were randomized, between 18 
and 22 completed weeks of gestation, to receive daily 
treatment with vaginal progesterone gel or placebo (396). 
Progesterone or placebo was self-administered either until 
delivery, 37 weeks of gestation, or the occurrence of premature 
rupture of membranes. Vaginal progesterone did not reduce 
the rate of preterm birth at <32, <35, or <37 weeks of 
gestation. Moreover, there was no difference in neonatal and 
maternal outcomes. The results of this study conflict with 
those of the initial trial reported by Fonseca et al. (395). 


The Use of Progestogens to Prevent Preterm Birth 
in Multiple Gestations 
Multiple gestation is a risk factor for preterm birth (369,474— 
486). Uterine overdistention has been implicated as a 
mechanism responsible for the excess rate of preterm labor 
in this subset of patients (22,487,488). Progesterone down- 
regulates the expression of contraction-associated proteins 
(113-115,489-491); therefore, it is possible that progestogens 
may reduce the rate of preterm birth in multiple gestations. 
Consequently, investigators have tested whether progestogens 
can prevent preterm birth in these pregnancies (397,466,468). 
More than 25 years ago, Hartikainen-Sorri et al. (466) 
reported a double-blind, placebo-controlled clinical trial of 
17 alpha-hydroxyprogesterone caproate administration in 
77 women with twin pregnancies enrolled between 28 
and 33 weeks of gestation. Weekly intramuscular injection 
of 250mg of 17 alpha-hydroxyprogesterone caproate or 
placebo were initiated at the time of enrollment and 
discontinued at 37 weeks of gestation or when delivery 
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occurred before term. The administration of 17 alpha- 
hydroxyprogesterone caproate did not reduce the rate of 
preterm birth (<37 weeks) or perinatal morbidity. 

The issue has been revisited recently. Rouse et al. (468) 
reported a multicenter, placebo-controlled, double-blind, 
randomized clinical trial of 17 alpha-hydroxyprogesterone 
caproate for prevention of preterm birth in twin pregnancies, 
which included 655 women enrolled between 16 and 20 
completed weeks of gestation. Patients were allocated to 
receive weekly injection of 250mg of 17 alpha-hydroxypro- 
gesterone caproate or placebo until 34 completed weeks of 
gestation or delivery. The primary outcome was a composite of 
fetal death or delivery before 35 completed weeks of gestation, 
which occurred in 41.5% (135/325) of patients in the 17 alpha- 
hydroxyprogesterone caproate group and in 37.3% (123/330) 
of those in the placebo group [RR 1.1 (95% CI 0.9-1.3)]. No 
benefit to the use of 17 alpha-hydroxyprogesterone caproate 
was demonstrated in twins. 

In a sub-analysis of their randomized trial of vaginal 
progesterone versus placebo in 24 women with twin gestations 
and a short cervix (<15mm), Fonseca et al. (397) reported that 
progesterone administration was associated with a non- 
significant reduction in the rate of preterm delivery. 

Norman et al. (492) reported the results of a randomized 
clinical trial of vaginal progesterone in 500 women with 
twin gestations. The use of vaginal progesterone beginning at 
24 weeks of gestation was not associated with a reduction in 
the risk of preterm delivery before 34 weeks of gestation. 
Collectively, the results of these studies indicate that 
prophylactic progesterone administration does not reduce 
the rate of preterm delivery in women with twin pregnancies. 

Recently, Caritis et al. (493) reported that the use of 17 
alpha-hydroxyprogesterone caproate in triplet gestations did 
not reduce the rate of preterm delivery. 


Sonographic Cervical Length to Identify the Patients who 
may Benefit from Progesterone Treatment 
Facchinetti et al. (494) reported the results of a randomized 
prospective clinical trial in which women with preterm labor 
and intact membranes (25 to 33-6/7 weeks) were allocated to 
either observation or intramuscular administration of 341mg 
of 17 alpha-hydroxyprogesterone caproate twice a week until 
36 weeks of gestation or delivery, and sonographic cervical 
length measured at discharge as well as at 7 (7-9) and 21 
(18-21) days later. Patients allocated to receive 17 alpha- 
hydroxyprogesterone caproate had a longer sonographic 
cervical length than those in the observation group. These 
findings, coupled with experimental data, suggest that 
progesterone may have major effects in the uterine cervix. 
Two clinical lines of evidence support that cervical status 
may identify the patient who could benefit from progestogen 
administration (397,495). First, a recent randomized clinical 
trial reported by Fonseca et al. (397) indicates that vaginal 
progesterone reduces the rate of preterm birth by 44% (from 
34.4% in the placebo group to 19.2% in the progesterone 
treatment group) in women with a sonographic short cervix. 
Second, a secondary analysis of a study by DeFranco et al. 
(495) suggests that patients with a short cervix may benefit 
from vaginal progesterone administration. 
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Fonseca et al. (397), working with the Fetal Medicine 
Foundation Second Trimester Screening Group, conducted a 
randomized, double blind, placebo-controlled trial in which 
women with a short cervix (<15mm by transvaginal ultra- 
sound), between 20 and 25 weeks of gestation, were allocated 
to daily vaginal administration of 200mg of micronized 
progesterone or placebo (safflower oil) from 24 to 34 weeks. 
The frequency of spontaneous preterm delivery at <34 weeks 
(primary endpoint for the trial) was significantly lower in the 
progesterone group than that in the placebo group [19.2% 
(24/125) vs. 34.4% (43/125); p = 0.007]. A secondary analysis 
of this trial indicated that among women without a history of 
delivery before 34 weeks, the incidence of preterm birth was 
significantly lower in women receiving progesterone than in 
those allocated to placebo [17.9% (20/112) vs. 31.2% (34/109); 
RR 0.57, 95% CI 0.35-0.93; p = 0.03)]. The trial was not 
designed to test whether progesterone administration could 
reduce neonatal morbidity and such a reduction was not 
observed (397). 

DeFranco et al. (495) reported a retrospective analysis of the 
effect of vaginal progesterone on pregnancy outcome (preterm 
birth and infant outcome) as a function of cervical length. The 
hypothesis for this study was that the effect of prophylactic 
vaginal progesterone may vary according to cervical length. To 
test this concept, all patients eligible to participate in the trial 
of O'Brien et al. (396) had a sonographic measurement of the 
cervix at the time of enrollment. Patients without a previous 
preterm birth and a cervical length of <25mm were subjected 
to a separate randomization procedure (to vaginal progester- 
one or placebo) and excluded from the main trial. The 
rationale for this was that the main trial tested the effect of 
vaginal progesterone on patients with a history of preterm 
delivery regardless of cervical length. However, after the 
completion of the main trial, only nine patients had been 
enrolled in the “short cervix only” arm of the trial. Analysis of 
the effect of progesterone on nine patients with a short cervix 
was not meaningful. Therefore, the investigators modified 
their initial plan so that the analysis included women enrolled 
in the main trial (and therefore, with a history of previous 
preterm birth). The authors divided the patient population into 
quartiles according to cervical length at enrollment and tested 
whether outcomes were different as a function of cervical 
length (the lowest quartile was a cervical length of <32mm). 
Although there was a delay in delivery, progesterone admin- 
istration did not result in a significant difference in outcome in 
patients in the lowest quartile. 

The authors (495) then explored the effect of vaginal 
progesterone as a function of cervical length using two new 
cut-offs: <30 and <28mm. For the cut-off of 30mm, there was 
a trend for a longer randomization-to-delivery interval in 
women allocated to progesterone than those allocated to 
placebo (Wilcoxon p=0.043, log-rank p=0.057) (432). How- 
ever, there was no difference in the frequency of preterm 
delivery at <32 weeks. 

With the second cut-off (<28mm), patients who had 
received vaginal progesterone had a lower rate of spontaneous 
preterm delivery at <32 weeks of gestation. Though this 
was not observed for preterm delivery defined as <35 weeks or 
<37 weeks. It is noteworthy that the frequency of newborn 
intensive care unit admission was lower in women with a 


cervical length of <30 and <28mm and who had received 
progesterone treatment than in those allocated to the placebo 
group. The same was the case for the duration of newborn 
intensive care unit length of stay (495). This analysis provided 
the first hint that vaginal progesterone administration may 
improve infant outcome in properly selected patients. It is 
important to stress, however, that these conclusions were 
derived from a secondary analysis that was intended to be 
hypothesis-generating (496). 

Hassan et al. (497) conducted a multicenter, randomized, 
placebo-controlled trial that enrolled 465 asymptomatic 
women with a singleton pregnancy and a sonographic short 
cervix (10—20mm) at 19 to 23-6/7 weeks of gestation. Women 
were randomly allocated to receive vaginal progesterone gel 
(n = 235) or placebo (n = 223) daily from 20 to 23-6/7 weeks 
to 36-6/7 weeks, preterm rupture of membranes, or delivery, 
whichever occurred first. The primary endpoint was preterm 
birth before 33 weeks of gestation. Women allocated to receive 
vaginal progesterone had a lower risk of preterm birth before 
33 weeks than those allocated to placebo [8.9% (n = 21) vs. 
16.1% (n = 36), relative risk (RR) 0.55, 95% confidence 
interval (CI) 0.33-0.92, p = 0.02]. The effect remained 
significant after adjustment for co-variables (adjusted RR 0.52, 
95% CI 0.31-0.91, p = 0.02). Vaginal progesterone was also 
associated with a significant reduction in the risk of preterm 
birth before 28 (5.1% vs. 10.3%, RR 0.50, 95% CI 0.25-0.97, 
p = 0.04) and 35 weeks (14.5% vs. 23.3% RR 0.62, 95% 
CI 0.42-0.92, p = 0.02), respiratory distress syndrome (3.0% 
vs. 7.6% RR 0.39, 95% CI 0.17-0.92, p = 0.03), any morbidity 
or mortality event (7.7% vs. 13.5% RR 0.57, 95% CI 0.33-0.99, 
p = 0.04), and birth weight <1500g [6.4% (15/234) vs. 13.6% 
(30/220), RR 0.47, 95% CI 0.26-0.85, p = 0.01]. There were no 
differences in the incidence of adverse events between the 
groups. The conclusion of this study was that the administra- 
tion of vaginal progesterone gel to women with a sonographic 
short cervix in the midtrimester is associated with a 45% 
reduction in the risk of preterm birth before 33 weeks of 
gestation and improved neonatal outcomes. 

In conclusion, patients with a previous history of sponta- 
neous preterm delivery can be offered 17 alpha-hydroxypro- 
gesterone caproate for the prevention of recurrent preterm 
delivery (394). It is important to counsel the patients following 
the determinations of the FDA indicating that this agent reduces 
the risk of preterm birth in subsequent pregnancies (394), but 
there is no solid evidence of improvement in neonatal outcome 
(394). Patients should also be counseled about the safety signal 
identified by the FDA, namely, a potential increase in the risk of 
pregnancy loss in the midtrimester (498). 

Patients with a short cervix (10—-20mm) should be offered 
vaginal progesterone for the prevention of preterm birth and 
improvement in infant outcome. The approach of universal 
screening with transvaginal cervical length in the midtrimester 
followed by the use of vaginal progesterone appears to be cost- 
effective and allows the prevention of preterm delivery in 
nulliparous women (497,499,500). 


Mode of Delivery 

Preterm birth per se is not an indication for cesarean delivery. 
In the last two decades, there has been an interest in 
determining whether cesarean delivery could improve the 
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outcome of preterm birth. Efforts to conduct randomized 
clinical trials have not been effective in enrolling patients. 
Grant et al. (501), while conducting a systematic review of six 
trials of elective versus selective cesarean delivery, for infants 
less than 30 weeks of gestation, emphasized the difficulties in 
the execution of the trial and recommended that decision 
making should be individualized taking into account par- 
enteral preferences. 

Therefore, cesarean delivery is currently performed for 
obstetrical indications, such as breech presentation, and fetal 
distress. The performance of a cesarean section in an early 
preterm gestation (<30 weeks) is often associated with an 
incision in the uterine corpus, because the lower uterine 
segment is not formed. This would increase the risk of uterine 
rupture in subsequent pregnancies, as well as complications 
associated with implantation of the placenta on the uterine 
scar (502). There is little evidence that the fetus may benefit 
from cesarean delivery and, therefore, the increased maternal 
risk for subsequent pregnancies does not appear to be justified. 

In terms of the management of a vaginal delivery, some 
evidence suggests that delivery with intact membranes may 
improve umbilical artery pH by reducing the effect of 
mechanical forces on the fetus and umbilical cord. There is 
little evidence that the performance of a “prophylactic” outlet 
forceps or “elective” episiotomy improves neonatal outcome. 
Vacuum extraction is considered to be contraindicated in 
preterm neonates. 

Timing of clamping of the cord deserves consideration. 
Randomized clinical trials of delayed versus early cord 
clamping indicate that delayed clamping is associated with a 
reduction in the need for transfusions of the infant for anemia 
(RR 2.01, 95% CI 1.24-3.27), neonatal hypotension (RR 2.58, 
95% CI 1.17-5.67), and IVH (RR 1.74, 95% CI 1.08-2.81) 
(503). 


SUMMARY 

It is becoming increasingly clear that preterm labor, preterm 
PROM, and cervical insufficiency are syndromes caused by 
multiple pathologic processes leading to increased myometrial 
contractility, cervical remodeling, and/or membrane activa- 
tion. The clinical presentation will depend upon the nature 
and timing of the insults on the various components of the 
common pathway of parturition. This view has important 
implications for the understanding of the biology of preterm 
parturition, as well as its diagnosis, treatment, and prevention. 
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2 Prelabor rupture of the membranes 


Roberto Romero, Lami Yeo, Francesca Gotsch, Eleazar Soto, 
Sonia S. Hassan, Juan Pedro Kusanovic, and Ray Bahado-Singh 


INTRODUCTION 

Prelabor rupture of the membranes (PROM) is rupture of the 
chorioamniotic membranes before the onset of labor (1). The 
“latency period” is the interval between PROM and the onset 
of labor. There is no agreement about the length of the interval 
between the rupture of the membranes and the onset of labor 
required to diagnose PROM. This period of time has varied 
between 1 and 12 hours in the literature (2-9). The 
consequences of PROM depend on gestational age; therefore, 
this condition has been classified as “preterm PROM” or “term 
PROM,” depending upon whether the event occurs before or 
after 37 weeks of gestation (2-12). The term “previable 
PROM” has been applied to gestations in which this 
complication occurs before 23 weeks (12), while “preterm 
PROM remote from term” refers to the time frame between 
viability and about 32 weeks, and “PROM near term” is that 
which occurs between 32 and 36 weeks (12). 


FREQUENCY, TIMING, AND SITE OF MEMBRANE 
RUPTURE 

Frequency 

Term PROM occurs in approximately 10% of patients, while 
the frequency of preterm PROM is 2% to 3.5% (5,13-17). 
Preterm PROM accounts for 30% to 40% of preterm deliveries 
and, therefore, is a leading clinically identifiable cause of 
preterm birth and a major contributor to perinatal morbidity 
and mortality (2,5,13,14,16-19). It has been estimated that in 
the United States, approximately 150,000 women are diag- 
nosed with preterm PROM every year (20). 


Spontaneous Rupture of Membranes in Normal Pregnancy 
Figure 1 shows the proportion of women with spontaneous 
rupture of membranes as a function of cervical dilatation (21). 
Most patients rupture the chorioamniotic membranes at 
the end of the first stage of labor, hence the rationale for 
defining PROM as rupture of membranes before the onset of 
labor. 

The site of rupture is generally located in the most 
dependent part of the uterine cavity in close proximity to 
the cervix (22). After invasive procedures such as fetoscopy, 
rupture of membranes can occur away from the cervix. The 
frequency with which spontaneous rupture of membranes 
occurs away from the most dependent part of the uterus (high 
leak) is unknown. 


PRETERM PROM AS AN OBSTETRICAL SYNDROME 
The current taxonomy of disease in obstetrics is largely based 
on the clinical presentation of the mother and not the 
mechanism responsible for disease. For example, the term 
“rupture of membranes” refers to a clinical condition in which 
amniotic fluid leaks from the amniotic cavity into the lower 
genital tract. However, the term ROM does not provide 
information about the cause (e.g., infection, a vascular insult, a 
weakness in the structure of the membranes, trauma caused by 
an invasive procedure [endoscopy], or other mechanisms of 
disease). We have proposed that the classification of diseases in 
obstetrics is at a stage in which we recognize syndromes caused 
by multiple mechanisms (23). The features of these obstetrical 
syndromes are (i) multiple etiologies, (ii) a long subclinical 
phase, (iii) frequent fetal involvement, (iv) adaptive clinical 
manifestations, and (v) predisposition due to gene—environ- 
ment interaction (24). 

Preterm PROM is one of the “great obstetrical syndro- 
mes” (23). Multiple pathologic processes can lead to preterm 
PROM. The chronic nature of the pathologic process leading to 
preterm PROM can be inferred from the observations that 
women with a short cervix (<25 mm) in the midtrimester (25), a 
positive fetal fibronectin (FFN) in vaginal fluid (25), bacterial 
vaginosis (BV) (25), and bleeding in the first and second 
trimesters of pregnancy (25-27) are at risk for the subsequent 
development of preterm PROM. Fetal involvement has been 
demonstrated, as 10% of all fetuses with preterm PROM have 
evidence of fetal bacteremia demonstrated by cordocentesis (28). 
We have proposed that PROM is not the result of an accident, 
but rather a mechanism of host defense in the context of 
intrauterine infection (or other insults), and that spontaneous 
rupture of membranes occurs to facilitate the drainage of an 
infected cavity (intra-amniotic infection), as well as to initiate 
labor (amniotomy is often followed by the onset of labor in 
term or preterm gestation). Therefore, rupture of membranes 
may be considered adaptive in nature. Other mechanisms of 
disease, such as chronic chorioamnionitis, in which there is 
infiltration of the chorion laeve with lymphocytes but no 
evidence of infection, represent another potential mechanism for 
preterm PROM (29). The underlying mechanism of disease 
appears to be immune in nature: maternal rejection of the fetal 
allograft. Fetuses born to mothers whose placentas are affected 
with chronic chorioamnionitis have evidence of a fetal 
inflammatory response syndrome (FIRS). We propose that the 
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Figure 1 Rupture of membranes as a function of cervical dilatation and stage of labor. Percentage distribution for 517 normal spontaneous deliveries without 


medication or maneuvers; vertex presentation. Source: From Ref. 21. 


initiation of labor in these cases is the result of a combination ofa 
fetal inflammatory response and the maternal damage of chorion 
laeve by the lymphocytes and natural killer cells, which are 
capable of inducing apoptosis of the trophoblast (29). In this 
context, rupture of membranes and the initiation of labor may 
also be adaptive in nature because the fetus is in a hostile 
environment unrelated to infection. 

Finally, there is evidence that genetic factors predispose 
to preterm PROM. Polymorphisms for genes coding for 
MMP-1 (30), MMP-9 (31), MMP-8 (32), and SERPINHI (33) 
in the fetus have been associated with spontaneous rupture of 
membranes in case-control studies. Environmental factors, 
such as BV (25,34) or a pro-inflammatory vaginal milieu (35), 
have also been associated with PROM. Evidence for a 
gene—environment interaction for preterm birth has been 
demonstrated between BV and a polymorphism for the pro- 
inflammatory cytokine, TNF-a (36,37). It is also possible that 
gene—gene interactions are operative. The genetic predisposi- 
tion for preterm PROM is likely to result from the effect of 
multiple alleles, which individually confer a small risk for 
preterm PROM. Epigenetic changes in MMP-1 have been 
found to be associated with preterm PROM (38). Collectively, 
the evidence reviewed above supports the concept that 
preterm PROM is not a single condition, but one of the 
“great obstetrical syndromes.” 


Mechanisms of Disease Implicated in Preterm PROM 

1. Intra-amniotic infection/inflammation: Preterm PROM is 
associated with positive amniotic fluid cultures for bacteria at 
the time of admission in approximately 30% of cases (39). 
With the use of molecular techniques, about 50% of cases have 
microbial footprints in the amniotic cavity at the time of 
admission (40). However, intra-amniotic infection can be a 


primary cause of PROM or a consequence of the rupture of 
membranes. There is evidence that infection precedes preterm 
PROM in a fraction of cases. In a study in which amniotic fluid 
cultures for microorganisms (41—43) and pro-inflammatory 
cytokines (44) were measured in the amniotic fluid of women 
undergoing midtrimester amniocentesis, some women with 
positive cultures or elevated biomarkers of inflammation 
subsequently developed preterm PROM (41-43). 

2. Vascular pathology. In a study examining histologic lesions of 
the placenta, Arias et al. found that women who delivered with 
preterm PROM fell, in general terms, into two subgroups: those 
with acute histologic chorioamnionitis and those with vascular 
lesions of the placenta (45). Some patients have both types of 
lesions (46). The vascular lesions observed include “failure of 
physiologic transformation of the spiral arteries” (47,48), 
atherosis, fibrinoid necrosis of the decidual vessels, and decidual 
vessel thrombosis consistent with decidual vasculopathy (49). 
Vaginal bleeding during pregnancy is a risk factor for preterm 
PROM (50). We have proposed that some patients who bleed in 
the first or second trimester of pregnancy have a disorder of 
decidual hemostasis (50). Vaginal bleeding may predispose to 
membrane rupture by causing a separation between the 
chorioamnion and the decidua, which weakens the fetal 
membranes (50). Alternatively, during the formation of a 
retroplacental clot, thrombin is generated (51). This enzyme can 
stimulate the production of MMP-1 (52) and MMP-3 (51) by 
decidual cells in culture media of chorioamniotic membranes 
(53). These MMPs can degrade fibrillar collagen (types I and III) 
and other components of the extracellular matrix of the 
chorioamniotic membranes (54). The mechanisms responsible 
for defective decidual hemostasis during pregnancy have not been 
identified. It is possible that vascular disease leading to micro- 
thrombosis in the decidua leads to local necrosis and bleeding. 


PRELABOR RUPTURE OF THE MEMBRANES 2.3 

Table 1 Risk Factors Associated with Preterm PROM (at Less Than 35 weeks) Stratified by Parity (25) 
Nulliparous Multiparous 

Risk factor Odds ratio 95% confidence interval Odds ratio 95% confidence interval 
Cervical length <25 mm 9.9 3.8-25.9 4.2 2.0-8.9 
Previous preterm birth with preterm PROM -= -= 4.1 2.0-8.7 
Previous preterm labor with intact membranes = = 2.6 1.2-5.3 
Working during pregnancy 2p) 1.5-18.7 ns. n.s. 
Medical complications 4.2 1.1-16.0 ns. ns. 
FEN (+) n.s. n.s. n.s. n.s. 
BV n.s. Mss mss n.s. 
FFN (+) and absent BV n.s. n.s. 9.0 3.6—22.5 
FEN (—) and present BV n.s. n.s. DES) 1.2-6.3 


Abbreviations: FEN, fetal fibronectin; BV, bacterial vaginosis; n.s., non-significant. Source: From Ref. 25. 


In some cases, vaginal bleeding will be the only clinical 
manifestation of intrauterine infection (50). This association is 
important because women with preterm PROM often have 
clinical or subclinical abruptions, and histologic examination of 
the membranes indicates that acute chorioamnionitis is frequent 
in patients with abruption (55). 

3. Uterine cervical pathology: Women who had surgery in the 
lower genital tract, such as cervical conization (56,57) or 
previous spontaneous abortions (58), are at greater risk for 
preterm PROM. Buchmayer et al. reported that a history of 
two or more spontaneous abortions was associated with an 
odds ratio of 4.1 (95% CI: 2.2-7.8) for preterm PROM (58). 
We propose that some degree of cervical insufficiency (e.g., a 
short cervix resulting in an inadequate mucous plug) 
predisposes to ascending intrauterine infection (59,60). This 
hypothesis would explain the link between a short cervix and 
subsequent preterm PROM (25). It is noteworthy that a 
cervical length <25 mm confers an increased risk for preterm 
PROM before 35 weeks of gestation in nulliparas (OR: 9.9) as 
well as in multiparas (OR: 4.2) (25). 

4. Acquired or congenital connective tissue disorders: There is 
evidence that a connective tissue disorder, which can affect the 
membranes (the chorioamniotic membranes are fetal tissue), 
may predispose to preterm PROM. For example, patients with 
Ehlers—Danlos syndrome are at increased risk for preterm 
PROM if they carry an affected fetus (61). However, the 
attributable risk of Mendelian disorders for preterm PROM is 
extremely low. It is likely that a genetic predisposition to 
preterm PROM can be due to the effect of multiple genes. 
Indeed, a relationship between polymorphisms in the 
promoter region of genes encoding for MMPs may also 
predispose to membrane rupture (MMP-1 (30), MMP-8 (32), 
MMP-9 (31), and SERPINHI1 (33)). Polymorphisms may 
confer a mild to moderate risk, but this risk may be increased 
in patients who have a relative deficiency of vitamin C 
(environmental contribution). 


CLINICAL RISK FACTORS FOR MEMBRANE RUPTURE 
Harger et al. reported a comprehensive analysis of risk factors 
associated with preterm PROM in 341 women with preterm 
PROM (20-36 weeks) and 253 controls matched for maternal 
age, gestational age, parity, type of care (private vs. clinic), and 
previous vaginal or cesarean delivery (62). Three factors 
associated with preterm PROM were identified: (i) previous 


preterm delivery, (ii) vaginal bleeding during the index 
pregnancy, and (iii) cigarette smoking. Similar findings have 
been reported in a case-control study of 138 patients with 
preterm PROM and 267 controls (63). Vaginal bleeding, 
smoking, and low socioeconomic class were also found to be 
independent risk factors for preterm PROM. 

In a large, multicenter, observational cohort study, Mercer 
et al. reported the risk factors for preterm PROM (less than 
35 weeks), stratified according to parity (Table 1) (25). In 
conclusion, vaginal bleeding, a short cervix (<25mm), a 
history of previous spontaneous preterm delivery (with intact 
or ruptured membranes), and smoking are risk factors for 
preterm PROM in the index pregnancy. A history of preterm 
birth with preterm PROM in a previous pregnancy confers a 
high risk for recurrence (approximately 20%) (56). 


CLINICAL CONSEQUENCES OF PREMATURE RUPTURE 
OF THE MEMBRANES 

Preterm Parturition 

Preterm PROM is followed by the onset of labor and delivery 
within a week in the majority of cases. The duration of the 
latency period is inversely related to the gestational age. The 
lower the gestational age, the longer the latency period (64—66). 
Cox et al. described the natural history of preterm PROM in 298 
patients managed expectantly without the use of steroids, 
tocolytics or prophylactic antibiotics (64). Of the 267 patients 
who gave birth to infants weighing 2750 g, only 7% remained 
undelivered for more than 48 hours after admission. 

Wilson et al. reported the outcome of 143 patients with 
preterm PROM managed expectantly; only 18% of patients 
remained undelivered 1 week after admission (65). Maternal 
febrile infectious morbidity (antepartum and postpartum) 
occurred in 10% of patients, and the neonatal death rate 
was 13.1%. 

The most comprehensive study of the natural history of 
preterm PROM was reported by Nelson et al., who evaluated 
the outcome following expectant management of 511 women 
with a singleton gestation and preterm PROM between 
20 and 36 weeks (66). Fifty-two percent of patients delivered 
within 48 hours, while 12.9% remained undelivered after 
1 week. The perinatal death rate was 8.4%. Not surprisingly, 
most deaths occurred at gestational ages of less than 28 weeks 
(42.7%). Maternal infection occurred in 21.7%, and the 
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occurrence of fetal death was strongly associated with 
infection. The perinatal mortality was higher in neonates 
born to infected mothers with preterm PROM before 28 
weeks than after 28 weeks (46.6% vs. 1.2%), as was infection- 
related morbidity (36% vs. 19.8%). 


Infection 

Rupture of the membranes is strongly associated with maternal 
or fetal infection. Maternal infection can be expressed as clinical 
chorioamnionitis. However, most women who have microbial 
invasion of the amniotic cavity (MIAC) do not have evidence of 
infection (67), such as fever, leukocytosis, etc. Indeed, in our 
experience, only 20% of patients with preterm PROM and a 
positive amniotic fluid culture for bacteria have clinical 
evidence of chorioamnionitis (68). 

The prevalence of positive amniotic fluid cultures in 
women with preterm PROM is 32.4% (39), whereas in term 
PROM, the prevalence is 34.3% (69). However, this represents 
a minimum estimate of the frequency of infection, because the 
frequency is dependent upon the isolation of microorganisms 
with standard microbiologic techniques, which underestimate 
the true rate of infection. The application of molecular 
microbiologic techniques (cultivation independent) has 
yielded a higher rate of microbial footprints (50%) (40). 
Patients who have a positive PCR result for microorganisms, 
but a negative culture, have comparable outcomes with 
those who have a positive amniotic fluid culture for 
microorganisms (70). 

Genital mycoplasmas (Ureaplasma urealyticum and Myco- 
plasma hominis) are the most frequent isolates from the 
amniotic fluid, followed by Streptococcus agalactiae, Fusobac- 
terium species, and Gardnerella vaginalis. Polymicrobial 
infection is found in 26.7% of cases (28,68,71—75) and an 
inoculum size greater than 10° colony-forming units per 
milliliter is found in 23% of patients (75). The most common 
microorganisms isolated from women with term PROM are 
U. urealyticum, Peptostreptococcus, Lactobacillus, Bacteroides 
species, and Fusobacterium (69). 

Patients with intra-amniotic infection are more likely to 
develop chorioamnionitis, endometritis, and neonatal sepsis 
than patients with negative amniotic fluid cultures on 
admission (28,68,71-86). The frequency of respiratory distress 
syndrome (RDS) is twofold higher in neonates born to women 
with positive amniotic fluid cultures than in those born to 
women with negative cultures (80). 

One study has examined the relationship between MIAC and 
the onset of preterm labor in women with PROM (68). Patients 
in labor on admission had a higher rate of positive amniotic 
fluid cultures than women admitted with preterm PROM who 
were not in labor (39% vs. 26%, p = 0.049). Moreover, 75% of 
patients who were not in labor on admission, but subsequently 
went into spontaneous labor, had a positive amniotic fluid 
culture around the time of the onset of labor. 

Zlatnik et al. conducted a unique study in which the results 
of amniotic fluid culture were not used in patient manage- 
ment. A higher proportion of patients with positive amniotic 
fluid cultures delivered within 7 days, as compared with those 
with negative cultures (positive cultures: 89% vs. negative 
cultures: 45%, p = 0.04) (75). These data support a relation- 
ship between MIAC and the onset of preterm labor. 
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Can routine antibiotic administration eradicate intra- 
amniotic infection and prevent secondary infection? A recent 
study investigated the course of MIAC in 46 patients with 
preterm PROM (87). All underwent amniocentesis upon 
admission, with an 18% prevalence of intra-amniotic 
inflammation (defined as an amniotic fluid white blood cell 
(WBC) count >100/mm*) and a 15% prevalence of MIAC. 
Patients without evidence of intra-amniotic inflammation or 
MIAC were treated with ampicillin and erythromycin for 7 
days. Those with intra-amniotic inflammation or MIAC were 
treated with ceftriaxone, clindamycin, and erythromycin for 
10-14 days. At the time of the second amniocentesis, six of the 
seven patients with a prior diagnosis of MIAC were again 
positive for microorganisms. Of 18 patients with intra- 
amniotic inflammation, only 3 showed no evidence of 
inflammation after antibiotic treatment. Of note, among 
patients with no evidence of intra-amniotic inflammation or 
MIAC at admission, 32% developed inflammation despite 
therapy. Five of the nine patients in question had positive 
amniotic fluid cultures. These observations suggest that 
systemic treatment with these antibiotics may not alter the 
natural course of intra-amniotic infection in preterm PROM. 

Evidence that fetal infection (bacteremia) is frequently 
present in preterm PROM was provided by Carroll et al., who 
performed amniocentesis and cordocentesis at the time of 
presentation with PROM (88). The frequency of positive fetal 
blood culture was 15%. The authors found that for patients 
with positive amniotic fluid and fetal blood cultures, the 
median time to delivery was 2 days (range: 1-5), compared 
with 41 days (range: 1-161) for patients with negative cultures 
in both amniotic fluid and fetal blood. In the case of patients 
with MIAC and negative fetal blood cultures, the median 
interval to delivery was 9 days (range: 1-37) (88). 

The microorganisms isolated from septic newborns are 
similar to those found in the amniotic fluid. In a study of 
221 patients with preterm PROM, 6 cases with culture-proven 
neonatal sepsis were found (68). In five of these cases, the 
microorganisms were the same as those found in the amniotic 
fluid; in the remaining case, the amniotic fluid culture 48 hours 
before delivery had been negative (68). The practical impli- 
cation of this observation is that an amniocentesis performed 
before delivery may provide microbiologic information help- 
ful in guiding antibiotic choice for the newborn. 

Fetuses with preterm PROM can mount a systemic 
inflammatory response (89). The term “fetal inflammatory 
response syndrome” refers to an elevation in the fetal plasma 
concentration of IL-6 (>11 pg/mL) that was associated with 
severe neonatal morbidity (89) and a shorter cordocentesis-to- 
delivery interval (90). 

Fetal microbial invasion or other insults result in a systemic 
inflammatory response that can progress toward multiple 
organ dysfunction, septic shock, and perhaps death in the 
absence of timely delivery. Evidence of multisystemic involve- 
ment in cases of FIRS includes increased concentrations of 
fetal plasma MMP-9 (91), an enzyme involved in the digestion 
of type IV collagen and in the pathophysiology of preterm 
PROM (92). Moreover, several fetal organs including the 
hematopoietic system (93-95), adrenals (96), heart (97), 
brain (98,99), lungs (100,101), and skin (102) are target organs 
during FIRS. 
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Pathologic examination of the umbilical cord is an easy 
approach to determine whether fetal inflammation was 
present before birth. Funisitis and chorionic vasculitis are 
the histopathologic hallmarks of FIRS (103). Funisitis is 
associated with endothelial activation, a key mechanism in the 
development of organ damage (104), and neonates with 
funisitis are at increased risk for neonatal sepsis (105) and 
long-term complications, such as bronchopulmonary dyspla- 
sia (BPD) (99) and cerebral palsy (101). Indeed, newborns 
with funisitis are at more than a twofold increased risk for 
intraventricular hemorrhage (IVH) (106) and have an 11-fold 
risk for the development of periventricular echolucencies (107). 
In the context of FIRS, the combination of inflammatory 
changes in the brain and fetal systemic hypotension may 
increase the likelihood of brain injury (108). Collectively, these 
observations suggest that a subset of fetuses presenting with 
preterm PROM have bacteremia and/or FIRS that may 
contribute to fetal organ damage. 

The traditional view has been that MIAC is the conse- 
quence of membrane rupture. However, evidence suggests 
that PROM may be the result of subclinical infection and 
inflammation. Naeye and Peters reported in 1980 that patients 
with preterm PROM 1 to 4 hours before the onset of labor had 
a higher prevalence of histologic chorioamnionitis than 
patients who delivered preterm without PROM (109). Because 
it is unlikely that inflammation of the chorioamniotic 
membranes develops in 4 hours, these data suggest that, in 
these cases, histologic chorioamnionitis precedes rather than 
follows PROM. Several lines of evidence suggest that the most 
likely cause of histologic chorioamnionitis is subclinical 
infection. Bacteria have been recovered from 72% of placentas 
with histologic chorioamnionitis (110). Furthermore, we have 
demonstrated a good correlation between a positive amniotic 
fluid culture for microorganisms and histologic chorioam- 
nionitis (111). 

MIAC can also be the consequence of PROM. The frequency 
of positive amniotic fluid cultures increases with time. 
Indeed, 75% of patients who were quiescent on admission 
and subsequently went into labor had a positive amniotic fluid 
culture (68). Only 25% of these patients, however, had a 
positive culture on admission, and the remaining 50% became 
positive during the latency period (68). These observations are 
consistent with those of Naeye and Peters, who showed that 
the incidence of histologic chorioamnionitis increases with 
the duration of the latency period (109). In addition, the 
authors reported that histologic chorioamnionitis (defined as 
the presence of 4-15 neutrophils in the chorionic plate) in 
PROM was two- to threefold more common when rupture of 
membranes occurred just before the onset of labor than when it 
occurred after labor began (109). This suggests that inflamma- 
tion (and probably infection) is, in many cases, not only a 
consequence of PROM, but also its cause. 


Abruptio Placentae 

Abruptio placentae occurs more frequently in patients with 
preterm PROM than in those with preterm labor and intact 
membranes (2.29% vs. 0.86%, respectively, RR: 3.58, 95% 
CI: 1.74-7.39) (112). The same conclusion was reported in a 
systematic review (113) and a population-based epidemiologic 
study (114). Nelson et al. proposed that leakage of fluid after 
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PROM may lead to a disproportion between the placental and 
uterine surfaces that would favor placental separation (115). In 
the context of preterm PROM, the incidence of abruptio 
placentae increases with the severity of oligohydramnios 
(12.3% for patients with a vertical pocket of 1-2 cm vs. 3.5% 
among those with a vertical pocket > 2 cm) (116). However, two 
groups of investigators using subjective means to estimate 
amniotic fluid volume could not confirm this observation 
(117,118). 

An alternative hypothesis to explain the relationship 
between abruptio placentae and preterm PROM postulates 
that a disorder of decidual hemostasis leads to separation of 
the membranes from the decidua, with subsequent compro- 
mise of their nutritive support, weakening of the membranes, 
and eventual rupture. Indeed, patients with abruptio placentae 
after preterm PROM have a higher incidence of vaginal 
bleeding before rupture and during the latency period than 
patients without abruptio placentae. 

Infection/inflammation within the decidua could also 
facilitate premature placental detachment. Indeed, there is 
an association between histologic chorioamnionitis and 
abruptio placentae (55,119). The relative risk for abruption 
is 9.03 (95% CI: 2.80-29.15) when chorioamnionitis is 
associated with preterm PROM (112). 


Pulmonary Hypoplasia 

The frequency of pulmonary hypoplasia is related to 
gestational age at the time of membrane rupture, and its 
presence increases the risk of neonatal death and other 
complications such as pneumothorax and persistent pulmon- 
ary hypertension. 

Three studies examined the frequency of pulmonary 
hypoplasia in the context of preterm PROM. Vergani et al. 
conducted a prospective study of patients with PROM before 
28 weeks of gestation managed conservatively and found that 
the frequency of pulmonary hypoplasia was 28% (120). 
Gestational age at the time of PROM and presence of 
oligohydramnios, but not the latency period, were indepen- 
dent predictors of pulmonary hypoplasia (120). 

Rotschild et al. studied 88 neonates born to mothers with 
PROM occurring before 29 weeks and a latency period of at 
least 1 week (121). The prevalence of pulmonary hypoplasia 
was 16%. Gestational age at the time of PROM, but not the 
duration of the latency period or the severity of oligohy- 
dramnios, was associated with pulmonary hypoplasia. The risk 
of pulmonary hypoplasia when PROM occurs at 19 weeks 
was 50%, whereas it was only 10% when the membranes 
ruptured at 25 weeks. 

Winn et al. prospectively studied 163 patients with preterm 
PROM from 15 to 28 weeks of gestation (122). The incidence 
of pulmonary hypoplasia was 12.9%. The authors reported 
that gestational age at rupture of the membranes, latency 
period, and either the initial or the average amniotic fluid 
index (AFI) had significant influence on the development of 
pulmonary hypoplasia. 

The role of duration of rupture of membranes in the 
development of pulmonary hypoplasia is not clear. Univariate 
analysis demonstrated an association between the duration of 
rupture of membranes and the occurrence of pulmonary 
hypoplasia (120,123-125). However, there is an inverse 
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relationship between the duration of the latency period and the 
gestational age at the time of membrane rupture. Multivariate 
analysis has not shown a significant effect of the duration of 
PROM in the development of pulmonary hypoplasia (120). 

Whereas Rotschild et al. (121) reported that the severity of 
oligohydramnios was not a factor in the development of 
pulmonary hypoplasia, both Vergani et al. (120) and Winn 
et al. (122) reported that amniotic fluid volume was an 
independent predictor of its development. The discrepancy 
between studies may be explained by the (i) determination of 
amniotic fluid volume, (ii) exclusion of patients, and (iii) 
definition of pulmonary hypoplasia. 


Fetal Compression Syndrome 

The fetal compression syndrome was originally described in 
the context of oligohydramnios and renal agenesis (126). 
Classically, it includes limb position deformities and cranio- 
facial defects that are thought to result from physical 
compression inhibiting fetal growth and movement (127,128). 
Nimrod et al. reported an incidence of 12% in women with 
preterm PROM, most occurring when the latency period was 
longer than 5 weeks (124). Blott and Greenough found that 
46% of infants born after prolonged membrane rupture (more 
than 4 weeks) had limb deformities (129). The median duration 
of rupture in the group with deformities was 28 days, compared 
with 9 days in infants without deformities. 


Fetal Growth Restriction 

Preterm delivery resulting from preterm labor and intact 
membranes or preterm PROM has been associated with “fetal 
growth restriction.” Most studies are cross-sectional and have 
not separated preterm PROM from preterm labor with intact 
membranes (130,131). One interesting study determined the 
fetal growth rate for biometric parameters in a cohort of 
69 singleton pregnancies complicated with preterm PROM 
(24-31 weeks) and who remained undelivered for more than 
14 days. The mean growth velocity of the head and abdominal 
circumference was significantly lower than that of the control 
group (n = 345 normal pregnancies). Neonates who had either 
IVH, periventricular leukomalacia (PVL), or cerebral palsy 
had a lower growth velocity than those not affected with these 
disorders (132). 


Fetal Death 

The rate of fetal death in preterm PROM is approximately 1% 
when this complication is diagnosed after 24 weeks and 15% if 
PROM occurs before (20). The etiology for fetal death remains 
unknown. Fetal infection, placental abruption, fetal growth 
restriction, umbilical cord prolapse, or accidents (resulting 
from compression in cases of severe oligohydramnios) have 
been implicated. 

Fetal death, in the context of intrauterine infection, has been 
attributed to microbial invasion of the fetus, where the unborn 
child fails to deploy an inflammatory response which is 
sufficiently intense to stimulate labor. Indeed, the frequency of 
histologic chorioamnionitis (maternal inflammatory re- 
sponse) is nine times more frequent than funisitis (a fetal 
inflammatory response) in patients with stillbirth (133). In 
this case, in utero fetal death would represent failure of the 
host response mechanisms dealing with intrauterine infection. 
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This concept is supported by a genetic association study which 
demonstrated that fetal carriage of allele 2 of the gene encoding 
for the IL-1 receptor antagonist (IL-1ra) is associated with fetal 
death (134). An excess of IL-1ra in the fetal compartment may 
limit the ability of the fetus to deploy a pro-inflammatory 
response and limit the effectiveness of the mechanisms 
available for host defense, including the ability to initiate 
labor to exit a hostile intrauterine environment. 


DIAGNOSIS 

Presenting Symptoms 

The most common presentation of PROM is a watery vaginal 
discharge or a sudden gush of fluid from the vagina, as 
reported by the patient. Obtaining information about the 
timing of the initial loss of vaginal fluid, color and consistency 
of the discharge, and any odor may help to differentiate PROM 
from loss of the mucous plug in early labor, vaginal discharge 
associated with infection, normal leukorrhea of pregnancy, 
and urinary incontinence (sometimes present in pregnancy), 
as well as to determine the presence of blood or meconium in 
the amniotic fluid. 


Vaginal Examination 

Evaluation of the patient begins with a sterile speculum 
examination. Visualization of a vaginal pool or obvious 
leakage of fluid from the cervix into the posterior fornix is 
considered evidence that PROM has occurred. Increasing 
intra-abdominal pressure may assist in the visualization of this 
sign. If no fluid is present in the posterior fornix, the patient 
can be reexamined after resting in the supine position to allow 
for accumulation of fluid in the posterior fornix. Additionally, 
a speculum examination allows for collection of vaginal and 
cervical cultures and amniotic fluid to assess fetal lung 
maturity, as well as to rule out cord prolapse. 

A sterile swab of fluid should be obtained from the posterior 
fornix and placed on a clean glass slide and on a piece of 
nitrazine paper. Amniotic fluid, when put on a slide and 
allowed to dry, will show arborization (ferning) under the 
microscope at low magnification (135). This method has an 
overall accuracy of 95% (136). Rare false-positive ferning 
results have been described in association with fingerprints 
on the slide or contamination with semen and cervical 
mucus (137,138). False negatives (5-10%) may be caused by 
dry swabs or by contamination with blood (135,139,140). The 
slide should be evaluated after at least 10 minutes of drying to 
decrease the false-negative rate (141). 

Should a digital examination of the cervix be performed in 
patients with preterm PROM? The traditional view has been 
that “once an examination has been performed, the clock of 
infection starts to tick.” Adoni and coworkers reported a study 
in which the latency period and incidence of chorioamnionitis 
were evaluated in patients with preterm PROM (26-34 weeks) 
who underwent a digital examination or a sterile speculum 
examination (142). The latency period was longer in patients 
undergoing speculum examination than in those digitally 
examined (9.5 days + 1.5 vs. 3.1 days + 0.5, p < .005). No 
significant difference in the incidence of chorioamnionitis was 
found. Lewis and associates prospectively collected data on 
271 singleton pregnancies with preterm PROM (143). Patients 
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who underwent digital examination had shorter latency 
periods than those who had speculum examination (digital 
examination: 2.1 days + 4.0 vs. speculum examination: 
11.3 days + 13.4, p < 0.0001). 

Sukcharoen et al. performed a retrospective study in which 
women with preterm PROM had digital examinations or 
speculum examinations. The authors reported no differences 
in latency periods or neonatal outcomes in the study groups. 
However, patients who underwent digital examinations had a 
higher frequency of chorioamnionitis (digital exam: 12% vs. 
speculum exam: 3.1%, p < 0.05) (144). 

Schutte and colleagues retrospectively examined the 
incidence of neonatal infection in patients with PROM 
according to the interval between initial digital vaginal 
examination and delivery (145). The incidence of neonatal 
infection was higher in patients examined more than 24 hours 
before delivery than in those whose first vaginal examination 
occurred less than 24 hours before delivery (33% vs. 5%, 
p < 0.0001). 

The only justification for performing a digital examination is 
to determine cervical status. In preterm gestation, this informa- 
tion rarely alters clinical management, but in term gestation, the 
cervical state may influence decisions regarding induction. There 
is a strong relationship between the results of sterile speculum 
examination and digital examination of the cervix (146-148). 
This was demonstrated in a study in which visual speculum and 
digital cervical examinations in women in labor were performed 
by two separate blinded examiners within 5 minutes of each 
other. Visual examination underestimated actual cervical 
dilation by only 0.6 cm (95% CI: 0.58-0.62). 


Biochemical Studies to Diagnose Rupture of Membranes 

The biochemical properties of the amniotic fluid are the basis 
to distinguish it from other fluids that can be observed in the 
vagina (i.e., cervical secretions, urine, and semen). The normal 
pH of the vagina is 4.5 to 5.5 during gestation, and that of the 
amniotic fluid is 7.0 to 7.5. Nitrazine paper turns from yellow 
to blue when exposed to any alkaline fluid (i.e., pH of 7.0 or 
more) and the use of nitrazine paper has been reported to have 
an accuracy of 93.3% (136) to determine the presence of 
amniotic fluid in the vagina. False-positive results range 
from 1% to 17% and can result from alkaline urine, blood, 
semen, vaginal discharge in cases of BV, or Trichomonas 
infection (149). False negatives may occur in up to 10% of cases. 

Additional biochemical tests for the diagnosis of PROM 
include diamine oxidase (DAO) activity (150), prolactin 
concentration (151-153), alpha-fetoprotein (AFP; sensitivity: 
94.5% and specificity: 95.4%) (151,154), and insulin-like growth 
factor-binding protein-1 (IGFBP-1) (155). AFP has been 
reported to be better than prolactin and more practical than 
DAO assay with an overall accuracy of 98% (156,157). IGFBP-1 
determinations have a sensitivity of 74.4% and specificity 
of 92.6% (155). Overall, the sensitivity, specificity, and positive 
and negative predictive values of the different diagnostic tests 
presented today in comparison with the nitrazine test are good 
(158-163). 

The assay for FEN is useful in the identification of patients at 
risk for preterm and term labor and imminent delivery. 
However, doubts still exist about its diagnostic value in PROM 
(164). Eriksen reported that for the detection of term PROM, 
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FEN had a sensitivity of 98.2%, but a specificity of only 26.8% 
(165). Although the authors proposed that the false positives 
were the result of the detection of small amounts of amniotic 
fluid not detected by clinical tests (pool, nitrazine, and 
ferning), an alternative explanation is that a positive FFN 
detects degradation of the extracellular matrix in the fetal- 
maternal interface that precedes the clinical onset of labor 
rather than PROM. Support for the hypothesis derives from 
the observation that patients without PROM but with positive 
cervical FFN are more likely to deliver within 72 hours than 
those with negative cervical FFN (164,166-173). In conclu- 
sion, the detection of cervicovaginal FFN is not specific for 
PROM. 


Transabdominal Injection of Dye 

When the diagnosis of preterm PROM is not clear, 
a transabdominal injection of dye (indigo carmine, Evans 
blue, fluorescein) into the amniotic cavity may be used for 
confirmation (174-177). Methylene blue should not be used as 
it may cause fetal methemoglobinemia (178-180). A tampon 
in the vagina can document subsequent dye leakage in cases of 
PROM. 


INITIAL ASSESSMENT 

The initial evaluation of a patient with preterm PROM 
includes (i) accurate assessment of gestational age, 
(ii) estimation of fetal weight and presentation, (iii) evaluation 
of the risk of infection, (iv) determination of lung maturity, 
(v) assessment of fetal well-being, and (vi) exclusion of occult 
cord prolapse. 


Ultrasound Examination in the Evaluation of Patients with 
Preterm PROM 

The initial ultrasound examination aims to (i) assess fetal 
viability, biometry, and presentation; (ii) quantify amniotic 
fluid volume; (iii) rule out fetal anomalies; and (iv) confirm 
gestational age. The sonographic examination of fetuses with 
PROM may be challenging due to the reduced amniotic 
fluid volume. For example, sonographic estimates of fetal 
weight have been shown to underestimate the birth weight 
(181-183). 


Diagnosis of Intrauterine Infection in Preterm PROM 
Amniocentesis can be used for the evaluation of the 
microbiologic state of the amniotic cavity and of fetal lung 
maturity in the patient with preterm PROM (184). Results of 
amniotic fluid analysis provide a rational approach to the 
management of preterm PROM. Patients without evidence of 
infection/inflammation and lung immaturity could be man- 
aged expectantly while those with evidence of infection could 
be managed using algorithms tailored to the gestational age 
(see management section). 

One randomized clinical trial examined the value of 
amniocentesis in preterm PROM (185). Forty-seven patients 
(26-34 weeks of gestation with an accessible amniotic fluid 
pocket) were randomized to amniocentesis or no amniocent- 
esis. Indications for induction of labor included positive Gram 
stain of amniotic fluid or mature fetal lungs, as determined by 
a lecithin-to-sphingomyelin (L/S) ratio of more than 2 or 
positive phosphatidylglycerol (PG). Neonates born to women 
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Table 2 Diagnostic Indices and Predictive Values of Different Amniotic Fluid Tests in the Detection of Positive Amniotic Fluid 
Culture in Patients with Premature Rupture of the Fetal Membranes 


Amniotic fluid tests 


Gram stain (187) 

IL-6 (27.9 ng/mL) (85) 

MMP-8 (>30 ng/mL) (187) 

WBC count (230 cells/uL) (187) 

WBC count (250 cells/uL) (85) 

Glucose (<10 mg/dL) (85) 

Glucose (<14 mg/dL) (85) 

Gram stain + WBC count (230 cells/uL) (187) 
Gram stain + glucose (<10 mg/dL) (85) 

Gram stain + IL-6 (27.9 ng/mL) (85) 

Gram stain+ MMP-8 (>30 ng/mL) (187) 
WBC count (230 cells/uL)+ MMP-8 (>30 ng/mL) (187) 


Gram stain + WBC count (230 cells/uL) + glucose (<10 mg/dL) (85) 


Gram stain + WBC count (230 cells/uL) + IL-6 (27.9 ng/mL) (85) 


Gram stain + WBC count (230 cells/uL) + MMP-8 (>30 ng/mL) (187) 


Gram stain + glucose (<10 mg/dL) + IL-6 (27.9 ng/mL) (85) 
Gram stain + WBC count (230 cells/uL) + 
glucose (<10 mg/dL) + IL-6 (27.9 ng/mL) (85) 


Abbreviations: IL, interleukin; WBC, white blood cell; MMP, matrix metalloprotease. 


who had amniocenteses had a lower incidence of “fetal stress” 
during labor (diagnosed by fetal heart rate tracing) and a 
shorter hospital stay than those born to women who 
were randomized not to have amniocenteses [“fetal dis- 
tress”: 4% vs. 32%, p < 0.05; hospital stay (median): 8.5 vs. 22 
days, p < 0.01]. No differences in the rate of neonatal sepsis, 
maternal chorioamnionitis, or endometritis were noted 
between the two groups. This study had limited power to 
detect differences in neonatal morbidity. 

The analyses of amniotic fluid used to detect the presence of 
MIAC or intra-amniotic inflammation include (i) Gram stain, 
(ii) a quantitative WBC count, (ili) glucose concentration, and 
(iv) microbial cultures for aerobic and anaerobic bacteria, as 
well as genital mycoplasmas. Patients with a negative Gram 
stain (read by experienced personnel) and a high WBC count 
(more than 30 cells/uL) are at a high risk of having microbial 
invasion with genital mycoplasmas, which are not visible on 
Gram stain examination. Lower concentrations of glucose in 
amniotic fluid (<10 mg/dL) can serve as an additional marker 
for MIAC. The results of amniotic fluid culture may take days 
to be available. Therefore, most centers rely on the 
determination of intra-amniotic inflammation because the 
outcome of preterm PROM in patients with intra-amniotic 
inflammation is similar to those with MIAC proven with 
standard microbiologic techniques (186). Table 2 summarizes 
the diagnostic criteria and predictive values of different 
amniotic fluid tests in detecting positive amniotic fluid 
cultures in patients with preterm PROM (85,187). Amniotic 
fluid IL-6 performed best in detecting MIAC as well as in 
identifying patients at risk for impending preterm delivery and 
neonatal complications. We have shown that amniotic fluid 
IL-6 is a sensitive test for the prospective diagnosis of acute 
histologic chorioamnionitis (IL-6 of more than 17 ng/mL had 
a sensitivity of 79% and specificity of 100%), significant 
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Source: From Refs. 85,187. 


neonatal morbidity (sepsis, RDS, pneumonia, IVH, BPD, and 
necrotizing enterocolitis (NEC)), and mortality (IL-6 of more 
than 17 ng/mL had a sensitivity of 69% and a specificity of 
79%) (188). Other rapid tests reported for the detection of 
MIAC include amniotic fluid catalase (79), alpha,-antitrypsin 
(84), limulus amebocyte lysate test (83), and bacterial 
PCR (189). 

A rapid bedside test for the detection of MMP-8 in 
amniotic fluid has been developed. This kit has been reported 
to have high accuracy in the identification of patients with 
MIAC and inflammation among patients with preterm labor 
and intact membranes (190). Future studies may determine 
the utility of this test in the identification of patients with 
intra-amniotic infection/inflammation among patients with 
preterm PROM. 

The risk of amniocentesis, when performed by experienced 
individuals, appears to be extremely low. Yeast and colleagues 
specifically addressed this issue in 91 patients with preterm 
PROM in whom amniocenteses were performed (191). 
A retrospective review of neonatal records uncovered no 
evidence of fetal trauma with any procedure. This study also 
found that the incidence of spontaneous labor in patients who 
underwent amniocentesis was no different from that of 
patients who did not undergo amniocentesis secondary to 
oligohydramnios or an anterior placenta. The authors 
concluded that their study failed to show that amniocentesis 
might induce labor. 


Assessment of Lung Maturity 

Lung maturity can be assessed from the amniotic fluid 
obtained by amniocentesis or from the vaginal pool. The 
latter has the advantage of being less invasive and more 
feasible in patients with oligohydramnios. Amniotic fluid 
from the vaginal pool can be collected in three ways: (i) from 
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the posterior vaginal fornix by sterile speculum examination, 
(ii) in a clean bedpan maintained under the patient, or (iii) by 
the use of obstetric perineal pads left in place for 12 to 
24 hours to ensure saturation (192-195). The success rate in 
obtaining fluid within 48 hours with these noninvasive 
techniques ranges from 54% to 100% (194,195). Using a pad 
to detect PG, Estol et al. found a sensitivity of 88%, specificity 
of 76%, positive predictive value of 34%, and negative 
predictive value of 98% (196). Lewis et al. investigated the 
value of a rapid antibody agglutination method (Amniostat 
FLM) to detect PG in vaginal pool samples (197). Of 
201 patients between 26 and 36 weeks of gestation, 36 had 
positive PG, and none of the infants born to these mothers 
developed RDS. PG was detectable only after 30 weeks of 
gestation. 

The reliability of lung maturity tests from amniotic fluid 
collected vaginally has been challenged (198,199). This section 
reviews the correlation between the L/S ratio and PG results in 
amniotic fluid obtained by amniocentesis and from the vaginal 
pool. Shaver and associates compared the phospholipid profile 
of paired amniotic fluid samples in 28 patients with preterm 
PROM (192). No significant difference was found in the 
concentrations of PG, phosphatidylinositol, phosphatidyletha- 
nolamine, and phosphatidylserine in amniotic fluid obtained 
by the two sampling methods. The L/S ratio was higher in fluid 
collected transvaginally than in fluid collected transabdomin- 
ally, but this difference did not reach statistical significance. 
The only phospholipid clearly increased by vaginal contam- 
ination was lysolecithin. 

Dombroskiet al. reported a study in which amniotic fluid was 
obtained by amniocentesis in patients at term in labor (200). 
Thirty minutes after artificial rupture of membranes, a vaginal 
sample of amniotic fluid was collected. L/S ratios obtained from 
amniotic fluid in the vaginal pool samples were significantly 
lower than those obtained by amniocentesis. However, in 22% 
of cases, L/S ratios were higher in the vaginal pool samples than 
amniocentesis. 

Several studies have examined the value of PG determina- 
tions in amniotic fluid obtained transvaginally. Stedman et al. 
reported that of 25 patients with PROM between 26 and 
34 weeks, 60% had positive PG and none of their neonates 
developed RDS (within 72 hours of the test) (193). Among the 
newborns of the 10 patients with negative PG, four developed 
RDS. Similarly, Brame and MacKenna reported no cases 
of neonatal RDS in 36 patients with PG found in vaginal 
fluid (194). 

The possibility that bacterial contamination from vaginal 
secretions may lead to false-positive PG results has been 
raised by Schumacher and associates, who reported that one 
patient had PG detected in the fluid from the vaginal pool, 
but not in the fluid retrieved by transabdominal amniocent- 
esis (199). The neonate developed respiratory insufficiency 
that was attributed to either RDS or pneumonia (the 
amniotic fluid culture was positive for bacteria). These 
investigators also demonstrated that bacteria might be a 
source of PG. Therefore, excessive bacterial contamination 
may alter results of PG determinations. It would seem 
prudent to minimize the interval between sample collection 
and assay in the hope of preventing bacterial growth in the 
sample. 
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Three studies have reported neonatal outcome and L/S 
ratio results in preterm PROM (194,195,201). In two of 
the studies, a mature L/S ratio was an indication for 
delivery (195,201). In the third study, the presence of PG 
was used as an indication for delivery (194). The data are 
consistent: with a mature L/S ratio, the risk of RDS is low. An 
L/S ratio of more than 2 was found in 103 patients, and none 
of the neonates developed RDS. 

The available evidence indicates that fetal lung maturity 
studies can be performed on amniotic fluid obtained from the 
vagina, and that a mature L/S ratio or the presence of PG is 
associated with a very low risk of RDS. Moreover, this 
noninvasive, low-risk approach allows for serial L/S and PG 
determinations. 

A mature phospholipid test has been demonstrated in 
approximately 50% of patients with preterm PROM at 
gestational ages of less than 34 weeks (72,74,185). Garite and 
associates reported that none of the neonates with an L/S ratio 
of 1.8 or greater developed RDS (74). The incidence of this 
complication in neonates with an immature L/S was 33%. 

Two randomized clinical trials have examined the out- 
come of induction of labor in patients with a mature result. 
In the first trial, 47 patients with preterm PROM (less than 
36 gestational weeks) and mature amniotic fluid indices 
were randomized to either prompt delivery or expectant 
management (202). A mature test was defined as an L/S 
ratio above 2 or a Foam Stability Index (FSI) of 47 or more 
(often from vaginal fluid). There was no difference in 
perinatal mortality between the two groups. There were no 
cases of RDS in the expectant management group, but two 
in the prompt delivery group. One newborn died from 
severe hyaline membrane disease (birth weight 900 g, 
vaginal FSI = 48), and the other neonate survived (birth 
weight 1700 g, vaginal L/S = 2.0). There were no differences 
in the rate of neonatal sepsis or other neonatal complica- 
tions in the two groups. However, the only two cases of 
intracranial hemorrhage occurred in the prompt delivery 
group. Maternal chorioamnionitis was more common in 
the expectantly managed group than in the delivery group 
(38% vs. 8%, p < 0.02). 

Mercer et al. reported the results of a randomized clinical 
trial in which 93 women with mature amniotic fluid 
phospholipid studies (vaginal or transabdominal amniocent- 
esis FSI > 47) were randomized to induction of labor with 
oxytocin or expectant management (bed rest) (203). Maternal 
chorioamnionitis was more frequent in the expectant group. 
However, this difference did not reach statistical significance. 
There were no significant differences in the cesarean delivery 
rate or in the incidence of confirmed neonatal sepsis between 
the groups. Suspected sepsis was higher in neonates born to 
women in the expectant group, as was antibiotic administra- 
tion and septic workups. However, neonatologists were not 
blinded to treatment allocation. 


Assessment of Fetal Well-Being 

The goal of fetal evaluation is to identify fetal infection/ 
inflammation or a pathologic process, which increases the risk 
of antepartum or neonatal death. Methods of fetal surveillance 
include the non-stress test (NST) and the components of the 
biophysical profile (BPP). 


2.10 


NST 

The differential diagnosis of a nonreactive NST is (i) preterm 
gestation, (ii) infection, and (iii) hypoxia. The interpretation 
and the significance and management of fetal heart rate 
decelerations associated with umbilical cord compression due 
to oligohydramnios are also a challenge. 

Fetuses with preterm PROM between 24 and 37 weeks have a 
significantly higher incidence of reactive tracings than gestational 
age-matched counterparts with intact membranes (204-206). 
This has been attributed to “accelerated fetal central nervous 
system maturation” and umbilical vein compression with 
resulting fetal heart rate accelerations (207). Thus, lack of 
reactivity should not be ascribed to preterm gestation without 
further investigation. 

A nonreactive NST is frequently observed in fetuses with 
MIAC. Three studies (208-210) have found the NST to be an 
insensitive predictor of infection-related outcome. A major 
issue is the high false-positive rate (approximately 35%) of the 
NST for the detection of infection. Therefore, a nonreactive 
NST is not sufficient to diagnose infection. Evaluation of other 
biophysical parameters and the results of amniocentesis are 
recommended before delivery can be indicated (see below). 


Assessment of Amniotic Fluid Volume 

Contrary to what is generally believed, rupture of membranes 
is not necessarily associated with oligohydramnios. Harding 
et al. noted that the AFI in patients with preterm PROM 
remains stable after the rupture of membranes, with the mean 
AFI on admission being 5.9 + 2.5 cm and on the day of delivery 
5.4 + 2.0cm (211). Moreover, Vintzileos et al. reported that 
65.5% of patients with PROM had a vertical pocket of 
amniotic fluid greater than 2cm, while 15.5% had a vertical 
pocket between 1 and 2cm. Only 19% had a vertical pocket 
less than 1 cm (212). 

Several studies have examined the relationship between 
oligohydramnios and outcomes in PROM. Patients with a 
vertical amniotic fluid pocket <1 cm have a shorter latency 
period and a higher incidence of chorioamnionitis and 
neonatal sepsis than patients with a vertical pocket greater 
than 2 cm (212). Similar findings were reported by Gonik et al. 
(213). Women with a vertical amniotic fluid pocket of <1 cm 
had a higher incidence of chorioamnionitis and endometritis 
than those with an amniotic fluid pocket of >1cm. No 
difference in the duration of the latency period between the 
two groups was found (213). 

Hadi et al. reported that chorioamnionitis occurred in 26.4% 
of women with an amniotic fluid pocket of less than 2 cm (214). 
Similarly, Lao et al. (215) used a cutoff of 2 cm as the largest 
pocket of amniotic fluid to define oligohydramnios and found 
that the frequency of chorioamnionitis and funisitis was higher 
in patients with oligohydramnios than in those without reduced 
amniotic fluid volume (chorioamnionitis: 55.3% vs. 29.3%; 
funisitis: 44.7% vs. 16.7%). A reduction in amniotic fluid 
volume was also associated with MIAC. 

There is an association between reduced amniotic fluid 
volume and maternal or neonatal infection-related morbidity 
and MIAC. The reason for the high rate of infection in patients 
with oligohydramnios is unknown. Intra-amniotic infection 
may alter amniotic fluid dynamics, leading to a reduction in 
fluid volume. Yoon et al. proposed that redistribution of blood 
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flow away from the kidneys might take place as part of the host 
response to microbial products, and this may lead to 
oligohydramnios (216). 

Patients with decelerations have a lower AFI than those 
without decelerations (4.32 cm + 1.67 vs. 6.47 cm + 3.59, 
p < 0.01) (217). This observation suggests that cord compres- 
sion due to oligohydramnios may be the mechanism behind 
variable decelerations observed in patients with PROM. 

Preterm PROM is associated with a significant and 
prolonged reduction of fetal breathing movements lasting 
approximately 2 weeks (218,219). This phenomenon seems to 
be related to rupture of membranes per se, rather than to 
infection, hypoxia, or intrauterine growth restriction, even 
though the precise mechanisms are unknown. Membrane 
rupture leads to a reduction in intra-amniotic pressure and, 
thus, favors loss of lung fluid. Teleologically, a reduction in 
fetal breathing may be a mechanism to protect against lung 
fluid loss and pulmonary hypoplasia. 

Vintzileos was the first to document an association between 
infection and decreased fetal breathing activity in preterm 
PROM (220,221). Subsequently, we confirmed these findings 
and documented that women with positive amniotic fluid 
cultures had fewer and shorter episodes of fetal breathing 
activity than women with negative amniotic fluid cultures (222). 

The presence of fetal breathing has a very high negative 
predictive value (approximately 95%) for MIAC and neonatal 
sepsis. However, the absence of breathing activity has a limited 
positive predictive value (approximately 50%) for either of 
these two outcomes and, thus, it cannot be used as an 
indication for delivery. Therefore, the presence of breathing 
indicates that infection is unlikely. 

Intra-amniotic infection is associated with a dramatic 
reduction in fetal body movements (222). Decreased fetal 
motion in the context of infection may be the counterpart of 
the reduction in motor behavior observed during the course of 
febrile illnesses in adults and children. 

The BPP has been found to be helpful in the management of 
patients with PROM (204,207—210,220,222—227). Vintzileos 
et al., using logistic regression analysis, demonstrated that each 
component of the BPP contains useful information for the 
prediction of infection-related morbidity (defined as maternal 
chorioamnionitis, possible neonatal sepsis, and proven 
neonatal sepsis). In their first study, a modified BPP scoring 
system that incorporated placental grading (with a maximal 
score of 12) was used (220). A BPP score of 7 or less was much 
better than any single component of the BPP in the prediction 
of infection-related outcome. Placental grading was the only 
parameter that had no predictive value. Thus, it was excluded 
from subsequent studies. The diagnostic indices of a BPP 
score <7 (performed 24 hours before delivery) were sensitivity 
94%, specificity 97%, positive predictive value 95%, and 
negative predictive value 97% in a population with a 
prevalence of infection-related outcome of 30%. This study 
was observational in nature and, thus, the BPP was not used 
for patient management. 

Subsequently, Vintzileos et al. compared the outcome of 
pregnancy in patients managed with serial BPPs with two 
historical control groups: (i) expectant management without 
BPP or amniocentesis and (ii) management with a single 
amniocentesis on admission (228). A BPP score <7 on two 
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Figure 2 Initial assessment of preterm prelabor rupture of the membranes (PROM). 


Source: From Ref. 235. 
*Original author used gestational age cutoff of 23 weeks. 


examinations 2 hours apart was used as an indication for 
delivery. An abnormal score required a nonreactive NST and 
absence of fetal breathing. The results of this study indicated 
that patients managed with daily BPPs had a lower rate of 
overall neonatal sepsis (suspected and culture proven) than 
patients in either control group. This study did not provide 
the frequency of other indices of neonatal morbidity (e.g., 
RDS, IVH, duration of mechanical ventilation) in the 
different groups. This issue is important, since 14 patients 
who were delivered because of a low BPP score showed no 
evidence of neonatal infection and, thus, could be con- 
sidered false positives. If intervention was not associated 
with an increased rate of other neonatal complications, 
management with serial BPPs would seem a reasonable 
approach. The investigators found that the BPP had 
limitations when the interval between the test and the 
delivery was longer than 24 hours and that maternal 
infection without fetal infection was not correlated with 
the results of the BPP scoring. Vintzileos et al. subsequently 
reported on 111 fetuses with preterm PROM followed with 
daily BPPs and found that the more biophysical activities 
became compromised, the higher the incidence of infection- 
related complications (207). 

It is noteworthy that subsequent to this work, three stu- 
dies (223,224,227) reported an association between the results 
of the BPP and infection-related outcomes, and others could 
not confirm such an association (225,226). Our explanation 
for the apparent discrepancy is that studies reporting negative 
results used the BPP at less frequent testing intervals (48- to 
72-hour intervals) than the daily testing used in positive 
reports. 


MANAGEMENT OF PATIENTS WITH PREMATURE 
PROM 

The management of patients with premature PROM depends 
on the gestational age at the time of membrane rupture (Fig. 2). 


Previable PROM at <24 


m weeks of gestation* 
(figure 3) 
PROM remote from term at 
PROM >| 24 to 31-6/7 weeks of gestation 


(figure 4) 


Near-term PROM at 32 to 36-6/7 
weeks of gestation 
(figure 5) 


-r 


Abbreviations: AFI, amniotic fluid index; GBS, Group B Streptococcus. 


Previable PROM 
The major complications of previable PROM are maternal 
infection, late abortion/preterm labor, low neonatal survival, 
and a high risk of neurologic complications (Fig. 3) (229,230). 
Patients are generally offered two options: induction of labor 
or expectant management. The presence of intra-amniotic 
inflammation/infection in amniotic fluid analysis carries a 
poor prognosis because of the risk of spontaneous preterm 
labor as well as fetal morbidity. Management of these patients 
requires an in-depth discussion involving the parents, 
neonatologists, and obstetricians and careful documentation 
in the medical record. The value of antibiotic or corticosteroid 
administration in previable PROM has not been established. 
However, our practice is to administer antibiotics to the 
patient who desires expectant management. A systematic 
review of previable PROM indicates that the quality of the 
evidence to support the management is not high (231). 
Leakage of amniotic fluid after second-trimester amnio- 
centesis should be considered a separate entity from previable 
PROM. It occurs in 1.2% of patients and is usually transient in 
nature (232). The risk of delayed PROM in these cases is no 
different from that in the general population (233). 


PROM Remote from Term (24 to 31-6/7 Weeks 

of Gestation) 

The management goals are to (i) exclude intra-amniotic 
infection/inflammation and (ii) institute expectant management 
in patients without documented infection/inflammation (Fig. 4). 


Intra-amniotic Infection/Inflammation and Its Management 

The most accurate method for diagnosis of intra-amniotic 
infection/inflammation is amniocentesis. Once intra-amniotic 
infection/inflammation is identified in patients between 
24 and 31 completed weeks of gestation, the optimal manage- 
ment is a challenge: the earlier the gestational age, the more 
difficult the dilemma. In patients who are close to 32 weeks 
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Previable PROM at <24 weeks of gestation 
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* Look for clinical signs of chorioamnionitis and abruption. 
e Consider amniocentesis for diagnosis of MIAC and fetal karyotype. 


b d 


Counsel the patient regarding fetal viability and the risk of maternal and fetal 
complications. 


y 


Induction of labor as 
appropriate. 


Expectant management: 

e Antibiotic treatment. 

e Assess fetal viability and the 
development of pulmonary 
hypoplasia and/or 
oligohydramnios. 

e Look for clinical signs of 
chorioamnionitis and abruption. 

e Bed rest. 


E 


Uneventful course until 23 weeks of 
gestation: continue management as 
PROM remote from term. 


Figure 3 Management of previable prelabor rupture of the membranes (PROM) (before 24 weeks of gestation). Abbreviations: MIAC, microbial invasion of the 


amniotic cavity. Source: From Ref. 235. 


PROM remote from term at 24 to 31-6/7 weeks of gestation 
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Assess fetal growth, sonographic gestational age, and fetal 
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ł 


e Abruption 
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Expectant management: 
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recommendations. 


Hospitalization and bed rest. 
Neonatology consult. 


Prophylactic antibiotics according to the NICHD 


Consider tocolysis in patients with regular contractions. 


Follow-up for signs of maternal infection, abruption, and fetal 
well-being (biophysical profile and fetal heart monitoring). 


e Non-reassuring fetal heart rate 
> • Fetal distress 
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Deliver 
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documented. 


Uneventful course until 32-34 weeks: 
Assess fetal lung maturity and consider delivering if maturity is 


Figure 4 Management of prelabor rupture of the membranes (PROM) remote from term (between 24 and 31-6/7 weeks of gestation). Abbreviations: MIAC, 
microbial invasion of the amniotic cavity; NICHD, National Institute of Child Health and Human Development, NIH/DHHS. Source: From Ref. 235. 


of gestation, delivery would avoid continuous exposure to 
microbial products and inflammatory agents and would be 
unlikely to increase neonatal morbidity. These patients are 
managed in our unit with detailed counseling, antibiotic 
administration, and delivery. In contrast, in patients close to 
24 weeks of gestation, the option of parenteral administration 
of antibiotics is considered to eradicate intra-amniotic 
infection and inflammation. Patients are informed that this 


alternative may prolong pregnancy, eradicate intra-amniotic 
infection, and reduce the risk of extreme prematurity, but that 
it requires intensive surveillance and repeat evaluation of the 
amniotic cavity to ensure eradication of microorganisms and 
reduce intra-amniotic inflammation (as determined by the 
amniotic fluid WBC count). Despite these interventions, the 
risk for infection and prematurity is not eliminated. Broad 
coverage is recommended before the results of cultures are 
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available and this approach modified once the specific 
microorganisms involved are identified. The choice of 
antibiotics is informed by the results of microbial cultures. 
Our choice for broad coverage antibiotics includes azithro- 
mycin, clindamycin, and ampicillin. We have also used a 
combination of ceftriaxone, clindamycin, and erythromycin 
for 10 to 14 days (87). Azithromycin is included because U. 
urealyticum is the most frequent microorganism found in the 
amniotic cavity (67). 

Antibiotic treatment aimed at the eradication of intra- 
amniotic infection should not be confused with the prophy- 
lactic treatment, which is now the standard of care for patients 
with preterm PROM, regardless of whether the inflammatory/ 
infection state of the amniotic fluid is known. Thus, patients in 
this gestational age range, without evidence of infection and 
inflammation, are given prophylactic treatment with anti- 
biotics (ampicillin and erythromycin). The patient in whom 
an amniocentesis cannot be performed is managed taking into 
account the results of biophysical testing, and antibiotics and 
steroids are administered. 

In summary, the management of PROM between 24 and 31 
completed gestational weeks comprises (i) maternal and fetal 
inpatient surveillance in a tertiary medical center, (ii) 
administration of corticosteroids to accelerate fetal lung 
maturity (234), and (iii) antibiotic administration, which 
may be therapeutic or prophylactic (235,236). 


“Prophylactic” Antibiotic Administration 
Antibiotic administration has now become standard of care in 
patients with preterm PROM. This practice is based upon the 
results of several randomized clinical trials, in which antibiotic 
administration is associated with prolongation of pregnancy, a 
reduced rate of maternal chorioamnionitis (237), and a reduced 
frequency of neonatal morbidity, measured as “composite 
neonatal outcome” (238). This approach has been often 
referred to as “prophylactic” antibiotic administration. How- 
ever, this may be a misnomer. One-third of women with 
preterm PROM have a positive amniotic fluid culture on 
admission (39); furthermore, the frequency of MIAC increases 
as the patients are being observed in the antepartum ward to the 
point that at the time of the onset of labor, 75% of patients will 
have a positive amniotic fluid culture for microorganisms (68). 
These studies were conducted before the administration of 
prophylactic antibiotics and demonstrate that microorganisms 
are present at admission and that secondary infection of the 
amniotic cavity occurs during expectant management. It would 
be inaccurate to refer to “prophylactic” administration as 
therapy instituted with patients who have a proven infection 
(one-third of all patients). Anti-microbial therapy may prolong 
pregnancy by controlling microbial proliferation of an existing 
infection and preventing secondary infection/inflammation. 
However, antibiotic administration is not uniformly efficacious 
in eradicating microbially proven intra-amniotic infection (87). 
Several investigators have conducted randomized clinical 
trials to assess the potential benefits of prophylactic antibiotic 
administration in patients with preterm PROM (238-251). 
Mercer et al. (251) reported a randomized clinical trial in 
which patients were allocated to receive intravenous ampicillin 
(2 g every 6 hours) and erythromycin (250 mg every 6 hours 
for 48 hours, followed by oral amoxicillin and erythromycin 
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base (every 8 hours for 5 days) versus placebos. Recruitment 
was restricted to patients with a gestational age ranging from 
24 to 32 weeks. Group B Streptococcus (GBS) carriers were 
identified and treated, and tocolysis and steroids were not 
administered after randomization. The primary outcome of 
the trial was a composite variable that included any of the 
following: fetal or infant death, RDS, severe IVH, stage II or II 
of NEC, or sepsis within 72 hours of birth (251). Antibiotic 
administration was associated with prolongation of pregnancy 
and a significant reduction in the rate of RDS (RR: 0.83, 95% 
CI: 0.69-0.99), NEC (RR: 0.4, 95% CI: 0.17-0.95), clinical 
chorioamnionitis, and the composite primary outcome, which 
is an index of fetal/infant morbidity and mortality (RR: 0.84, 
95% CI: 0.71-0.99). These differences were not demonstrated 
in GBS carriers, an observation attributable to antibiotic 
administration to patients allocated to the placebo group for 
this clinical indication and thus obscuring the potential effects 
of antibiotic administration (251). 

In the ORACLE study (238), 4826 women with preterm 
PROM were randomly assigned to (i) erythromycin, (ii) co- 
amoxiclav (amoxicillin and clavulanic acid), (iii) erythromycin 
and co-amoxiclav, and (iv) placebo. The study included 
patients before 36-6/7 weeks from 161 medical centers. 
Tocolysis and corticosteroid administration was left to the 
discretion of the attending physician. The primary outcome 
measure was a composite variable, which included neonatal 
death, chronic lung disease, or major cerebral abnormality 
before discharge from the hospital. 

Among neonates of patients with singleton gestations 
allocated to erythromycin only, fewer had the primary 
composite outcome than those in the placebo group 
(11.2% vs. 14.4%, p = 0.02). Erythromycin treatment alone 
significantly reduced the proportion of patients delivering 
within 48 hours in comparison with the placebo group. The 
combination of erythromycin with co-amoxiclav signifi- 
cantly reduced the proportion of patients delivering within a 
week of admission. Similarly, co-amoxiclav administration 
alone, or in combination with erythromycin, significantly 
reduced the proportion of patients delivering within 48 hours 
and within 7 days from admission, compared with the 
placebo group (238). 

The neonatal effects of erythromycin treatment included a 
reduction in the need for exogenous surfactant, in neonates 
needing 21% O; administration for 48 hours after delivery, as 
well as a reduction of the positive neonatal blood cultures (238). 
Co-amoxiclav had a similar effect on the proportion of 
neonates needing 21% O, administration for 48 hours after 
delivery. Of note, the rate of suspected and proven NEC was 
significantly higher in the group of neonates whose mothers 
were treated with co-amoxiclav as a single or combined therapy. 
The authors attribute their findings to the wide and nonspecific 
effect of this broad-spectrum antibiotic that may change the 
flora of the premature neonates and induce growth of 
pathologic bacteria that induce NEC (238). 

Lovett et al. did not demonstrate an association between 
prophylactic antibiotic treatment of patients with preterm 
PROM with co-amoxiclav and an increased incidence of NEC 
in comparison with placebo (252). The studies differ in the 
antibiotic regimen, as well as in the gestational age at 
inclusion and the number of patients. Therefore, comparison 
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of the studies is difficult. The recommendation of the 
investigators in the ORACLE I trial was to use erythromycin 
and avoid using co-amoxiclav in patients with preterm 
PROM (238). Recently, a systematic review by Kenyon et al. 
confirmed these results (253). 

According to Kenyon et al., the number of patients needed to 
treat to prevent one adverse outcome remains high [chor- 
ioamnionitis: 10 (95% CI: 7-34); delivery within 48 hours: 
9 (95% CI: 6-20); delivery within 7 days: 7 (95% CI: 5-15); 
neonatal infection: 17 (95% CI: 12-50); abnormal cerebral 
ultrasonography before discharge: 69 (95% CI: 35-1842)] 
(253). Itis possible that the wide confidence intervals reflect the 
range of gestational ages of patients included in the systematic 
review. 

The follow-up of children to the age of seven enrolled in the 
ORACLE I trial has demonstrated that any antibiotic 
treatment (erythromycin or co-amoxiclav) did not have a 
significant effect on the overall level of behavioral difficulties, 
on specific medical conditions on the proportion of children 
achieving each level in reading, writing, or doing mathematics 
(254). Therefore, it seems that the short-term benefits of 
antibiotic administration do not result in detectable differ- 
ences in outcome at the age of seven. 


Can Antibiotic Treatment of Women with Documented 
Intra-amniotic Infection Alter the Natural History of Preterm 
PROM? 

The traditional view has been that clinical chorioamnionitis 
should be managed by immediate delivery, and this view has 
been extended to the management of subclinical intra- 
amniotic infection (255). There is evidence that both of these 
conditions can be treated in utero without interruption of 
pregnancy. Ogita and colleagues first reported the successful 
treatment of established chorioamnionitis with antibiotic 
treatment via a transcervical catheter (256). Subsequently, 
we reported that giving antibiotics to a mother with preterm 
PROM at 29 weeks and an amniotic fluid culture positive for 
Bacteroides bivius, Veillonella parvula, and Peptococcus without 
clinical signs of chorioamnionitis resulted in eradication of 
MIAC (257). In a second case, we were successful at 
eradicating U. urealyticum from the amniotic cavity with 
antibiotic treatment (258). 

The effects of antibiotics on the natural history of MIAC in 
patients with preterm PROM has been reported by Gomez et al. 
(87). Patients who underwent amniocentesis upon admission 
and those without evidence of intra-amniotic inflammation 
or MIAC were treated with ampicillin and erythromycin for 
7 days. By contrast, patients with intra-amniotic inflammation 
or MIAC were treated with ceftriaxone, clindamycin, and 
erythromycin for 10 to 14 days. Patients who remained 
undelivered after the conclusion of the course of antibiotics 
underwent a second amniocentesis. Six of seven patients who 
had MIAC at the time of the first amniocentesis still had positive 
amniotic fluid cultures for microorganisms after a full course of 
antibiotic treatment. Of the 18 patients with intra-amniotic 
inflammation, most 15 still showed evidence of an elevated 
WBC count in amniotic fluid after antibiotic administration. 
Therefore, antibiotic administration did not eradicate MIAC or 
intra-amniotic inflammation. Moreover, among patients with 
no evidence of intra-amniotic inflammation, 32% developed 
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inflammation despite therapy, and among those without MIAC, 
55% developed a positive amniotic fluid culture (87). These 
data raise important questions about the effect of antibiotics 
and the nature of the invading microorganisms in preterm 
PROM. 


Should Corticosteroids Be Administrated to Patients with 
Preterm PROM Remote from Term? 

A systematic review included 13 randomized clinical trials and 
demonstrated a reduction in the incidence of RDS, IVH, 
and NEC (RR: 0.56, 95% CI: 0.46-0.70; RR: 0.47, 95% 
CI: 0.31-0.70; RR: 0.21, 95% CI: 0.05-0.82, respectively) in 
newborn to mothers who had been given corticosteroids (259). 
A nonsignificant trend of reduced neonatal mortality was 
observed; moreover, no increase in neonatal and fetal infection 
was observed (259). Steroid treatment was associated with a 
modest, yet significant, increase in the risk of puerperal 
endometritis (RR: 2.42, 95% CI: 1.38-4.24), but no significant 
increase in neonatal sepsis. Similar findings were reported in 
an earlier meta-analysis, which included fewer trials, by 
Crowley (260,261). 

Clinical investigators have compared expectant manage- 
ment with steroid administration for 48 hours followed by 
delivery. However, induction of delivery immediately after 
steroid administration is associated with an increased risk of 
RDS and, therefore, is best avoided (261). The 1994 National 
Institutes of Health Consensus Conference recommended the 
use of corticosteroids in pregnancies complicated by preterm 
PROM with expected delivery between 24 and 30 to 32 weeks 
of gestation (234). This recommendation was based largely on 
data suggesting that the incidence of IVH was lower in 
neonates exposed to corticosteroids (234). The modest 
increased risk of puerperal infection is considered easy to 
manage. A meta-analysis comparing the outcome of treatment 
with antibiotics and steroids versus antibiotics without steroids 
found that steroid administration diminished the beneficial 
effects of antibiotics in reducing the rate of chorioamnionitis, 
endometritis, neonatal sepsis, and IVH (262). 


How Many Courses of Corticosteroids Should Be 
Administered? 

Repeated courses of corticosteroids have been used to enhance 
their effects. However, recent data have raised questions about 
the safety of repeated corticosteroid administration based on 
studies in humans and animals. Guinn et al. performed a 
double-blind, randomized, controlled trial, where women at 
risk for preterm delivery received one course of betamethasone 
or dexamethasone at admission and were randomly allocated 
for subsequent weekly courses of either betamethasone or 
placebo until 34 weeks of gestation or delivery (263). There 
were no significant differences in the frequency of composite 
neonatal morbidity (severe RDS, BPD, severe IVH, PVL, 
proven sepsis, NEC, or perinatal death) between the study 
groups (weekly course: 22.5% vs. single course: 28%, p = 0.16). 
However, when the analysis was stratified by gestational age, 
patients who delivered between 24 and 27 weeks who received 
a single course had a higher rate of composite neonatal 
morbidity and severe RDS than those in the weekly course 
group. An important limitation of this study is that the authors 
did not control for the use of surfactant, which was more 
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frequent in the single-course group (single course: 24% vs. 
weekly course: 15.6%, p = 0.01) (263). This subject is covered 
in detail in the chapter on preterm labor. 


Tocolysis 

Meta-analysis of the four randomized trials of tocolysis in 
preterm PROM (264-267) indicates that tocolysis does result in 
prolongation of pregnancy of more than 48 hours. However, no 
study has shown an improvement in maternal or neonatal 
outcomes. Therefore, there is no evidence to support the use of 
intravenous tocolysis in women with PROM. 


Should a Cervical Cerclage Be Removed in a Patient Who 
Presents with Preterm PROM? 

Cerclage removal has been advocated to reduce the risk of 
infection-related complications (268), while leaving the 
cerclage in place has been recommended to prolong 
pregnancy. Yeast and Garite reported the results of a case- 
control study in which the outcome of patients with cervical 
cerclage removed after preterm PROM was compared with 
that of patients with PROM of a similar gestational age (269). 
There was no difference in the incidence of chorioamnionitis or 
other infectious complications and neonatal outcome between 
the two groups. The interval between PROM and delivery was 
not significantly different between patients with and without 
cerclage. Blickstein and associates reported similar findings 
after comparing the outcome of 32 patients with cerclage and 76 
without cerclage (270). In contrast, Goldman and colleagues 
compared the outcome of 46 women with preterm PROM in 
whom the cerclage was not removed with that of 46 women 
with preterm PROM without cerclage (271). Patients with a 
cerclage had a significantly shorter PROM-to-delivery interval 
and lower gestational age at delivery than patients without the 
cerclage. However, the rates of chorioamnionitis, other infec- 
tion-related complications, and neonatal outcome were not 
different between the two groups. Ludmir et al. evaluated the 
role of immediate cerclage removal in preterm PROM in 30 
women (272). In 20 women, the cerclage was removed 
immediately after the diagnosis of ruptured membranes was 
made, while in 10 women, the cerclage was retained after the 
membranes ruptured. Thirty-three patients with preterm PROM 
without cerclage served as controls. A greater proportion 
of women with a cerclage left in place delivered after 48 hours 
(90% vs. 50%, respectively). However, perinatal mortality was 
significantly higher in infants born to women in whom cerclage 
was retained in comparison with immediate removal or 
the control group (70% vs. 10% vs. 18%, respectively). 
Seventy-one percent of neonatal morbidity was attributable to 
sepsis. The authors did not use broad-spectrum antibiotic 
treatment, which may explain this observation (272). 

McElrath et al. reported a case-control study from a 12-year 
experience, comparing removal versus non-removal of 
cerclage in patients with preterm PROM (273). Eighty-one 
women with premature PPROM who had a cerclage were 
included, in which 30 (37%) had their cerclage removed at 
presentation, and 51 (63%) retained the cerclage until delivery. 
The authors concluded that retention of cervical cerclage after 
premature rupture of the membranes occurring before 34 
completed weeks of gestation is associated with comparable 
clinical outcomes with respect to latency and neonatal 
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morbidity and mortality, when compared with removal of 
the cerclage. The same authors compared patients with 
preterm PROM who had a cerclage versus those with preterm 
PROM without a cerclage, and reported that patients with a 
cerclage had a lower gestational age at membrane rupture than 
those without a cerclage (29.6+3.0 weeks vs. 31.7+2.8 weeks). 
However, there was no difference in the latency period 
between the groups. Neonatal mortality was higher among 
patients in the cerclage group. This difference became non- 
significant when the analysis was stratified into three 
gestational age groups (<28, 28-30, and >30 weeks). There 
were no significant differences in the rates of RDS, IVH and 
neonatal sepsis between the study groups (274). 

In summary, the evidence indicates that patients with 
preterm PROM and a cerclage could be managed by leaving 
the cerclage in place and maintaining close surveillance to 
detect maternal and/or fetal infection. However, removal of 
the cerclage is a legitimate alternative. 


Home Care Vs. Hospital Care 

Practice Bulletin No. 80 of the American College of 
Obstetricians and Gynecologists (275) stated that the safety 
of expectant management at home has not been established, 
although management of selected patients at home with 
careful observation has been reported. The potential dis- 
advantages of home care include the risk of delivering a 
preterm infant outside a tertiary center and the implicit delay 
in obstetric intervention if fetal distress or infection occurs. 
The advantages of home care include decreased costs and 
psychologic benefits to the patient. 

Two studies have compared home care with hospital care. 
The first, a small, randomized trial of women with PROM at 
less than 37 weeks of gestation, had strict criteria for home 
care (276). Only patients undelivered after 72 hours (60% 
delivered in less than 72 hours), in cephalic presentation, with 
negative amniotic fluid culture (by amniocentesis), cervical 
dilation of less than 4 cm on speculum examination, and at 
least one amniotic fluid pocket of more than 1 cm (22% had 
oligohydramnios) were eligible for participation. Follow-up 
included biweekly NST, weekly ultrasound examination, and 
corticosteroid administration. Fifty-five patients were rando- 
mized; 27 to home care and 28 to remain in-hospital. There 
was no difference in the latency period, gestational age at 
delivery, chorioamnionitis (11.1% vs. 14.3%), neonatal 
morbidity (3.7% vs. 7.1%), RDS (3.7% vs. 7.1%), or neonatal 
pneumonia (18.5% vs. 10.7%) (276). 

The second study of home care was a retrospective study of 
patients with preterm PROM between 20 and 30 weeks of 
gestation, in which 19 of 21 women undelivered after 7 days 
were discharged home (277). All patients had “adequate or 
slightly diminished amniotic fluid volume.” Of 19 women, 
11 delivered at term. No neonatal deaths occurred, and there 
was one case of maternal and neonatal sepsis in a woman 
managed at home (she was infected with human immunode- 
ficiency virus). One case of neonatal sepsis occurred in an 
infant born to a woman who was managed in-hospital and 
delivered preterm. 

The data available are insufficient to recommend manage- 
ment of preterm PROM outside tertiary-care centers. 
We believe that fetuses with preterm PROM require careful 
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Near-term PROM at 32-37 weeks of gestation 
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e Administer corticosteroids. 
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Delivery 


* Observe until 34 weeks of gestation. 
* GBS prophylaxis when appropriate. 


Figure 5 Management of near-term prelabor rupture of the membranes (PROM) (between 32 and 37 weeks of gestation). 
Source: From Ref. 235. 


invasion of the amniotic cavity; GBS, Group B Streptococcus. 


surveillance, which is rarely available outside a hospital 
environment. 


What Is the Appropriate Time for Induction? 

Today, the standard of care for patients presenting with 
preterm PROM remote from term is expectant management 
(20,235,236). This management significantly reduces the 
neonatal complications related with prematurity 
(20,235,236); however, the longer the latency period, 
the higher the risk for chorioamnionitis and abruption 
(202,278-280). 

Cox and Leveno performed a prospective study comparing 
induction versus expectant management of patients presenting 
with preterm PROM between 30 and 34 weeks. There were no 
significant differences in neonatal morbidity. However, the 
frequency of chorioamnionitis was significantly higher in the 
expectant management group (2% vs. 15%, p = 0.009). Of 
note, 74% of the expectant management group delivered 
within 72 hours (281). 

The timing of delivery is a determinant of the presence of 
major, but not minor, composite neonatal morbidity. Indeed, 
major composite neonatal complications (RDS, IVH, intuba- 
tion, BPD, seizure, NEC, bowel perforation, retinopathy of 
prematurity, meningitis, pneumonia, primary pulmonary 
hypertension, and patent ductus arteriosus) decrease substan- 
tially after 32 weeks of gestation (282). In contrast, minor 
composite neonatal outcomes (hyperbilirubinemia, transient 
tachypnea of the newborn, hyper- or hypoglycemia and hyper- 
or hyponatremia) decrease only after 34 weeks of gestation. 
Mercer et al. demonstrated that, in patients with preterm 
PROM, delivery after 32 weeks of gestation was not associated 
with a significant increase in neonatal morbidity (203). The 
development of chorioamnionitis, placental abruption, or 
non-reassuring fetal heart rate tracing often requires induction 
of labor and delivery, regardless of gestational age. 


Abbreviations: MIAC, microbial 


PROM near Term (32 to 36 Weeks of Gestation) 

Mercer et al. demonstrated that there were no differences in 
the maternal and neonatal outcomes of expectant manage- 
ment and induction of labor in this gestational age window 
(Fig. 5) (203). However, there was a trend toward a higher 
incidence of chorioamnionitis in the expectant management 
group (203). Cox and Leveno reported a higher incidence of 
chorioamnionitis (281). One approach to management is to 
perform an amniocentesis for fetal lung maturity between 
32 and 34 weeks and, if the result is mature, to proceed with 
induction of labor in order to reduce maternal morbidity 
(235,281,283). In cases with negative fetal lung maturity, the 
management is not clear. Some physicians will choose expectant 
management until 34 weeks, while others will administer 
corticosteroids and induce labor 48 hours later (284). 
There are not sufficient data in the literature to support either 
course of action. In a survey that was conducted in the United 
States during 2003 among members of the Society of Maternal 
Fetal Medicine, 42% will induce labor in patients presenting with 
premature PROM and positive lung maturity at 32 weeks (284). 
In cases with unknown fetal lung maturity, 58% will postpone 
delivery to 34 weeks of gestation (284). 

In summary, patients between 32 and 34 weeks need 
assessment of lung maturity, and if the profile is consistent 
with maturity, the patients could be offered induction of labor. 
In cases without evidence of fetal lung maturity, there are not 
sufficient data as to the optimal management approach. Mercer 
et al. proposed that women with PROM after 34 weeks should 
be delivered (12). 


PROM AT TERM 

The management of patients with PROM at term includes 
(i) exclusion of cord prolapse, (ii) detection of infection, and 
(iii) evaluation of fetal well-being. If any evidence exists of fetal 
compromise or infection, induction of labor or delivery is the 
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management of choice. For other patients, the relevant 
management issues include deciding between (i) induction 
or expectant management and (ii) when and how induction 
should be undertaken (285-308). 

The natural history of term PROM is that 90% of women 
will be in spontaneous labor within 24 hours (308). 
Nulliparous women have a longer latency period than 
multiparous women (291,298,303). Patients with an unfavor- 
able cervix at presentation and those who are not in labor 
within 6 hours of rupture of membranes generally do not 
initiate labor spontaneously within 24 hours and represent a 
management dilemma (307). 

The largest clinical trial in term PROM (292) included 
5041 patients who were randomly allocated to four groups: 
(i) immediate induction with oxytocin, (ii) expectant 
management followed by induction with oxytocin after 4 
days, (iii) induction of labor with vaginal prostaglandin E, 
(1-2 mg, followed by IV oxytocin; if not in labor in 4 hours, 
a second dose of prostaglandin E,), and (iv) expectant 
management followed by induction of labor with prosta- 
glandin E,, if labor had not begun within 4 days. The 
primary outcome of the trial was probable neonatal 
infection (clinical and laboratory signs). Secondary out- 
comes were the need for cesarean delivery and the patient’s 
evaluation of their treatment. The results showed no 
difference in neonatal infection and cesarean delivery rate 
between the induction groups (oxytocin vs. prostag- 
landin E,). However, the incidence of chorioamnionitis 
was lower in patients allocated to induction of labor. 
Satisfaction with their obstetrical care was higher for 
patients allocated to induction of labor. 

Mozurkewich and Wolf, in their meta-analysis of 23 studies 
including 7493 women, demonstrated that induction of labor is 
superior to expectant management (299). The meta-analysis 
compared three policies: (i) immediate induction with 
oxytocin, (ii) induction of labor with vaginal or endocervical 
prostaglandin E, gel suppositories or tablets, and (iii) expectant 
management that sometimes has included delayed induction 
with oxytocin. The frequency of chorioamnionitis and 
endometritis was significantly lower in patients undergoing 
immediate induction of labor with oxytocin than in those 
managed expectantly (OR: 0.67, 95% CI: 0.52-0.85 and OR: 
0.71, 95% CI: 0.51-0.99, respectively). The rate of chorioam- 
nionitis was significantly higher in patients who received 
vaginal prostaglandins than in those induced with immediate 
administration of oxytocin, but lower than that of patients in 
the expectant management group (OR: 1.55, 95% CI: 1.09-2.21 
and OR: 0.68, 95% CI: 0.51—-0.91, respectively). The rates of 
cesarean delivery and neonatal infection were not different 
among the three management schemes. Based on these data, we 
endorse a policy of immediate induction of labor in patients 
with term PROM. Antibiotic administration is justified before 
cesarean delivery for obstetric indications or for carriers of GBS. 

Tan and Hannah (309) performed a meta-analysis of 18 
trials comparing induction of labor with oxytocin versus 
expectant management in patients with PROM at or near 
term. Induction of labor with oxytocin was associated with a 
lower risk of chorioamnionitis (OR: 0.63, 95% CI: 0.51—0.78), 
endometritis (OR: 0.72, 95% CI: 0.52-0.99), and neonatal 
infection (OR: 0.64, 95% CI: 0.44-0.93). Cesarean delivery 
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rates were not statistically different. Oxytocin was associated 
with a more frequent use of pain medication and internal fetal 
heart rate monitoring. Another meta-analysis of 15 RCTs by 
Lin et al. included (i) six studies (n = 453) of misoprostol 
versus placebo or expectant management and (ii) nine studies 
(n = 1130) of misoprostol versus oxytocin for labor induction 
with term PROM (310). There were no significant differences 
in the frequency of chorioamnionitis, neonatal sepsis, or 
caesarean delivery among study groups. 

Expectant management at home of patients with PROM at 
term is not recommended. This recommendation is based 
upon the report of Hanna et al. that home care was associated 
with an increased risk of neonatal infections (OR: 1.97, 95% 
CI: 1.00-3.90) and cesarean delivery in patients not colonized 
with GBS (OR: 1.48, 95% CI: 1.03-2.14) (311). 
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INTRODUCTION 

The uterine cervix has a central role in the maintenance of 
pregnancy and in normal parturition. Preterm cervical ripening 
may lead to cervical insufficiency or preterm delivery. Moreover, 
delayed cervical ripening has been implicated in a prolonged 
latent phase of labor at term. This chapter will review the 
anatomy and physiology of the uterine cervix during pregnancy 
and focus on the diagnostic and therapeutic challenges of 
preterm cervical ripening and the role of cerclage in obstetrics. 


ANATOMY AND FUNCTION OF THE UTERINE CERVIX 
The uterus is composed of three parts: corpus, isthmus, and 
cervix. The corpus is the upper segment of the organ and 
predominantly contains smooth muscle (myometrium). The 
isthmus lies between the anatomical internal os of the cervix and 
the histologic internal os and, during labor, gives rise to the lower 
uterine segment. The anatomical internal os refers to the junction 
between the uterine cavity and the cervical canal, while the 
histologic internal os is the region where the epithelium changes 
from endometrial to endocervical (1). The term “fibromuscular 
junction” was introduced by Danforth, who identified the 
boundary between the connective tissue of the cervix and the 
myometrium. The fibromuscular junction is in close proximity 
to the histologic internal os (2) (Figures 1A—D) (3). 


Function of the Uterine Cervix 

The main function of the uterine cervix is to serve as a barrier 
to the expulsion of the conceptus. The endocervical glands 
generate mucous, which forms the mucous plug, an 
anatomical and biochemical barrier to microorganisms. 
“Cervical ripening” is a term used to describe the changes in 
cervical dilatation, effacement, and consistency, which gen- 
erally precede the onset of spontaneous labor. This process is 
associated with complex changes in the extracellular matrix 
aimed at increasing cervical compliance. The conventional 
view has been that uterine contractions lead to cervical change, 
a concept based on the relationship between increased uterine 
contractility and cervical dilatation during spontaneous labor 
at term. However, the process of cervical ripening begins 
weeks before the onset of labor. Similarly, preterm cervical 
ripening can occur without a demonstrable increase in uterine 
contractility. Experimental evidence indicates that cervical 
changes can occur even if the cervix is transected from the 
myometrium; therefore, these two components of the uterus 


(fundus and cervix) can undergo changes in the preparation 
for labor, which are independent from each other. 


A Brief Summary of the Biology of Cervical Ripening 

and Remodeling 

The uterine cervix is essentially a connective tissue organ. 
Smooth muscle accounts for <8% of the distal part of the 
cervix (4). Cervical competency, defined as the ability of the 
cervix to retain the conceptus during pregnancy, is unlikely to 
depend upon a traditional muscular sphincteric mechanism. 
Experiments in which strips of human cervix have been 
incubated with vasopressin (a hormone that induces smooth 
muscle contractility) indicate that the contractile response of the 
cervix is substantially lower than that of the tissue obtained from 
the isthmus of the uterine fundus (5). It is now well established 
that the normal function of the cervix during pregnancy depends 
upon collagen synthesis and extracellular matrix. 

The connective tissue remodeling of the uterine cervix 
during pregnancy has been proposed to occur in four stages: 
(i) softening, (ii) ripening, (iii) dilatation, and (iv) repair (6). 
These phases are overlapping and cannot be sharply separated 
during gestation (Fig. 2). The interested reader is referred to 
the reviews and original work by numerous authors (2,6-31) 
for a detailed discussion of the biochemical and cellular events 
underlying cervical remodeling during pregnancy and labor. 

Word et al. have proposed that early in pregnancy, tensile 
strength of the softened cervix is maintained by increasing 
collagen synthesis and cervical growth (6). Collagens type I 
and III confer tensile strength. During cervical ripening, the 
cervix becomes thin and pliable, and the collagen concentra- 
tions are decreased. This decrease is due to a relative increase 
in hydrophilic glycosaminoglycans and non-collagenous 
proteins. The increased expression of aquaporin water 
channels leads to tissue hydration; this, in turn, disperses 
collagen fibers and increases collagen solubility and its 
susceptibility to endogenous proteases. The primary glycosa- 
minoglycan involved is decorin, which protects collagen fibers; 
however, later in gestation, decorin decreases and hyaluronan 
increases. The latter can weaken the interaction between 
collagen and fibronectin, contributing to collagen dispersal (6). 
Hyaluronan has been found in human endocervical 
mucous (32). Mahendroo’s laboratory has demonstrated that, 
in mice, the hyaluronan content of the cervix is increased with 
advancing gestational age along with the expression of the 
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Figure 1(A-D) Ultrasound images and schematics representing the location of the fibromuscular junction and the cervical changes seen throughout pregnancy 


and labor. Source: From Ref. 3. 
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Figure 2 Stages of cervical function during pregnancy and the puerperium as proposed by R. Ann Word et al. (6). 
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enzyme hyaluronan synthase 2 (28). Low—molecular weight 
hyaluronan can bind CD44 and activate macrophages to 
produce chemokines that attract inflammatory cells (33). Thus, 
the current understanding is that once collagen is solubilized, 
an inflammatory cascade is initiated. Studies in humans are 
necessary to determine the biochemistry of these processes. 
Strong evidence suggests that a suspension of progesterone 
action can lead to cervical ripening (34,35). 


ORIGIN OF THE CONCEPT OF CERVICAL 
INCOMPETENCE/ANSUFFICIENCY 

One of the first descriptions of “cervical incompetence” has 
been attributed to Cole, Culpepper, and Rowland in 1658 (36), 
who wrote in a chapter on the state of being barren: “the 
second fault in women which hindered conception is when the 
seed is not retained or the orifice of the womb is so slack that it 
cannot rightly contract itself to keep in the seed; which is 
chiefly caused by abortion or hard labor and childbirth, 
whereby the fibers of the womb are broken in pieces one from 
another and the inner orifice of the womb overmuch 
slackened” (37). The term “cervical incompetence” was 
mentioned by Gream in an article published in the Lancet in 
1865 (38). Interestingly, the earliest observations were made 
nearly 300 years before surgical treatment was developed by 
Shirodkar (39) and, subsequently, McDonald (40). Although 
the term “cervical incompetence” has been used for many 
years (41), this condition is now referred to as “cervical 
insufficiency” to avoid the negative connotation that the term 
“incompetence” may imply to patients (42). 


Defining Cervical Insufficiency 
Definitions of cervical insufficiency have been proposed by 
many authors and vary slightly. Such definitions need to be 
examined critically, particularly in light of recent observations 
with ultrasound and results of studies that have reframed the 
concept of cervical insufficiency. 

The clinical diagnosis of cervical insufficiency has been 
traditionally applied to patients with a history of recurrent 
midtrimester spontaneous abortions and/or early preterm 
deliveries in which “the basic process is thought to be the 
failure of the cervix to remain closed during pregnancy” (41). 
The assumption is that cervical dilatation and effacement have 
occurred in the absence of increased uterine contractility (41). 
The presenting symptom is sometimes considered to be a 
feeling of vaginal pressure, possibly caused by protruding 
membranes in the midtrimester of pregnancy. Sometimes the 
membranes rupture. Typically, there is no vaginal bleeding, the 
fetuses are often born alive, and the labor is short (40,41,43). 

We find it difficult to establish a causal relationship between 
the clinical presentation outlined above and its attribution to a 
primary cervical disease (i.e., “insufficiency”) (42). Clearly, a 
condition exists in which patients present before 24 weeks of 
gestation with a dilated and effaced cervix in which the 
membranes protrude into the vagina (Fig. 3). This condition 
can often be visualized on ultrasound as illustrated in Figure 4. 

Harger, in a review of the literature, defined “cervical 
insufficiency” as “the inability of the uterine cervix to retain a 
pregnancy in the absence of contractions or labor” (44). 
However, the use of this definition in clinical practice is 
problematic. How can an obstetrician identify “the inability of 
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Figure 3 A patient who presented prior to 24 weeks of gestation with a dilated 
and effaced cervix in which the membranes are protruding into the vagina. 
Roberto Romero, MD and Karim Kalache, MD. Cover Image - American 
Journal of Obstetrics and Gynecology, Jan 2006 — Dec 2006 (Vol 194.1-195.6). 


Figure 4 An ultrasound image demonstrating a dilated cervix in a patient with 
suspected cervical insufficiency. 


the cervix to retain the pregnancy”? There is no clinical test 
that would allow this determination. Some have proposed that 
the response to treatment offers criteria for the diagnosis. 
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Namely, a patient with a history of recurrent midtrimester 
pregnancy losses who is subsequently treated with a cerclage 
and delivers at term could be considered to have cervical 
insufficiency, and hence, the claim that such patient needs a 
cerclage in every subsequent pregnancy; yet, observational 
studies do not support this conclusion. 

One approach by some authors to examine the accuracy of 
the diagnosis of cervical insufficiency is to determine pregnancy 
outcome in patients with this diagnosis who did not have 
treatment in subsequent pregnancies. In 1961, Dunn and Dans (45) 
reported the outcome of 30 patients who had two or more 
consecutive midtrimester abortions without an intervening 
first-trimester abortion. Interestingly, 13 of the 30 patients had 
three consecutive midtrimester abortions. The authors reasoned 
that if cervical insufficiency was the operative mechanism for 
pregnancy failure, it would be expected that all subsequent 
untreated pregnancies would result in pregnancy loss; however, 
this was not the case. Indeed, in 50% of cases, patients delivered 
neonates who exceeded 28 weeks of gestation and weighed 
>1000g. Thus, the authors proposed that the spontaneous 
“cure rate” of this entity would be 50%. The editor of 
Obstetrical and Gynecological Survey published a commentary 
(46) in which he argued that a more appropriate endpoint for 
spontaneous cure would be delivery at term in the subsequent 
pregnancy. Although he recalculated the spontaneous “cure 
rate” to be 20%, a clear message of the study is that even in 
patients with two and sometimes three midtrimester abor- 
tions, term pregnancy is possible without a cerclage. 

In 1984, Socol et al. (47) reported the outcome of a group 
of patients who had previously delivered a live-born infant bet- 
ween 20 and 32 weeks of gestation. In the subsequent pregnancy, 
some patients were treated with a cervical cerclage and others 
were not (at the discretion of the practitioner). The rate of 
preterm delivery was 36% (5/14) in patients who had a cerclage 
and 38% (10/26) in those managed expectantly. One interpre- 
tation of this data is that delivery at term was frequently possible 
in patients with a previous midtrimester pregnancy loss or early 
preterm delivery without a cervical cerclage. 

Yet obstetricians often face the clinical dilemma of how to 
manage a patient who had a previous successful pregnancy 
with a cervical cerclage. Was the first cerclage truly necessary? 
Would the patient have delivered at term regardless of the 
placement of the cerclage? These questions are pervasive 
because of the subjective nature of the diagnosis. For example, 
some obstetricians place a cerclage after a midtrimester 
pregnancy loss with rupture of membranes, while others 
consider that this is not enough evidence of cervical 
insufficiency to justify the operation. 

In a 1994 article entitled “Once a cerclage, not always a 
cerclage,” Fejgin et al. (48) reported the pregnancy outcome 
of patients who had a history of at least one pregnancy in 
which a McDonald cerclage had been placed and the 
physician caring for the subsequent pregnancy was uncertain 
as to whether the procedure was necessary. A committee of 
three obstetricians reviewed the history, a hysterosalpingo- 
gram when available, and the results of a pelvic examination. 
There were 35 patients who had 58 pregnancies with a 
cerclage, and 52 subsequent pregnancies without the 
procedure. The outcome of pregnancies without a cerclage 
was better than those with a cerclage. 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


Collectively, these retrospective studies question the accu- 
racy of the diagnosis of cervical insufficiency and/or the 
effectiveness of cerclage. The results of these studies (and 
others) are at the root of the controversy about the nature of 
this clinical entity, its diagnosis, and the precise role of cerclage 
in clinical medicine. 

There is no objective diagnostic test for cervical insuffi- 
ciency. The diagnosis is often made in a patient in the 
midtrimester who presents with dilatation of the cervix and 
different degrees of membrane prolapse. The evaluation of the 
nonpregnant patient represents an unsolved challenge. Several 
methods have been proposed for the identification of the 
patient at risk for cervical insufficiency, including (i) the 
passage of Hegar dilators (6-8 mm) or Pratt dilators through 
the internal cervical os (49-51), (ii) the use of a balloon test (52), 
or (iii) the ability of the cervix to hold an inflated Foley cath- 
eter during hysterosalpingography (53). However, there is a 
paucity of scientific evidence to support the value of these tests 
in predicting subsequent pregnancy outcome (44). 


SONOGRAPHIC CERVICAL LENGTH 
Digital examination of the cervix was the method used to 
determine cervical status (effacement, dilatation, position, and 
consistency) before the introduction of ultrasound. Bishop 
developed his cervical scoring system primarily to predict when 
spontaneous labor at term would occur and found that the 
higher the score, the sooner the labor would start (54). Wood 
et al. (55) were the first to report that a short cervix was a risk 
factor for preterm labor and delivery. A large study reported by 
Papiernik consisted of serial digital examinations in 8303 
women, where dilatation of the internal os was the strongest 
risk factor for preterm delivery. A short cervix (<1cm) also 
increased the risk (56). These findings have been confirmed by 
others (57-62). However, digital examination is subjective and 
has limitations. For example, the coefficient of variation for 
effacement has been reported to be 26% (63). Moreover, 
evaluation of effacement requires placing the examining finger in 
close proximity to the fetal membranes. Sonographic imaging of 
the cervix is less invasive and more objective in assessing cervical 
length as well as changes in the anatomy of the internal os (64). 
Transvaginal sonography is superior to transabdominal for 
examination of the cervix (64,65). Numerous studies have 
proven that the shorter the sonographic cervical length in the 
midtrimester, the higher the risk of spontaneous preterm 
labor/delivery (66-70). However, there is no agreement 
concerning what constitutes a sonographic short cervix. For 
example, Iams et al. (67) proposed that a cervix of 26 mm or 
shorter at 24 weeks of gestation increases the risk of 
spontaneous preterm delivery (Relative Risk (RR) 6.19, 95% 
CI 3.84-9.97). The prevalence of spontaneous preterm delivery 
(defined as <35 weeks) in this study was 4.3%, and the positive 
predictive value was 17.8% for a cervical length <25mm at 
24 weeks of gestation (67). Thus, most women with a short 
cervix (defined as 25mm or less) will not deliver a preterm 
neonate. Other investigators have proposed a cut-off of 15 mm, 
because a cervical length of 15mm or less is associated with 
nearly a 50% risk of spontaneous preterm delivery at 32 weeks of 
gestation or less when neonatal morbidity is substantial (68,70). 
It is important to stress that sonographic cervical length is 
not a screening test for spontaneous preterm delivery, because 
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only a fraction of all patients who will have a spontaneous 
preterm birth have a short cervix in the midtrimester. 
Sonographic cervical length is only a method for risk 
assessment for spontaneous preterm delivery and not a 
screening test. Cervical length can modify the a priori risk 
for preterm delivery. For example, a woman with a history of 
preterm delivery or one with a twin or triplet gestation will 
have a higher risk for preterm delivery than a patient with the 
same cervical length, but without such history (71-80). It is 
now possible to provide women with an individualized 
estimation of risk for preterm delivery based upon cervical 
length and whether they have a history of preterm birth (81). 


CERVICAL SUFFICIENCYANSUFFICIENCY AS A 
CONTINUUM 

The hypothesis that cervical competence or sufficiency repre- 
sents a spectrum was studied by Parikh and Mehta, who used 
digital examination of the cervix and concluded that degrees of 
cervical competence did not exist (82). Iams et al., (83) using 
sonographic examination of the cervix, concluded that cervical 
competence was a continuum. The authors reported a strong 
relationship between cervical length in pregnancy and previous 
obstetrical history. This relationship is nearly linear. However, 
patients with a typical history of an incompetent cervix appear to 
represent a different group than those who delivered preterm (83). 
Similar results have been reported by Guzman et al. (84). 
Collectively, these studies suggest that there is a relationship 
between a history of preterm delivery and the cervical length in 
a subsequent pregnancy. Inasmuch as patients with a short cervix 
are at increased risk for a midtrimester pregnancy loss or 
spontaneous preterm delivery with intact or ruptured mem- 
branes, a short cervix could be considered as the expression 
of a spectrum of cervical diseases or functions. However, it 
is noteworthy that some women with a short cervix have an 
adverse pregnancy outcome, while others have an uncomplicated 
term delivery (65—70,83-97). Indeed, approximately 50% of 
women with a cervix of 15 mm or less deliver after 32 weeks (70). 
This indicates that cervical length is only one of the factors 
determining the degree of cervical competence and that a short 
cervix should not be equated with “cervical insufficiency.” 


CERVICAL INSUFFICIENCY IS A SYNDROME 

In a manner similar to preterm labor, pre-eclampsia, small for 
gestational age, fetal death, and preterm premature rupture of 
membranes (PROM), the clinical conditions that describe 
cervical insufficiency can be considered “an obstetrical 
syndrome” (98). Cervical ripening in the midtrimester may 
be the result of (i) the loss of connective tissue after a cervical 
operation such as conization (99-101) or loop electrosurgical 
excision procedure (LEEP) (101), (ii) a congenital disorder 
such as cervical hypoplasia after diethylstilbestrol (DES) 
exposure (102-105), (iii) intrauterine infection (106-108), 
(iv) a suspension of progesterone action (34,35): there is 
experimental evidence that progesterone can reverse cervical 
compliance induced by the administration of dexamethasone 
to pregnant sheep (109). Moreover, recent studies have 
indicated that progesterone administration to women with a 
short cervix can reduce the rate of preterm birth (110,111), or 
(v) a cervical disorder. Each of these different causes of the 
syndrome could be affected by genetic or environmental 
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Figure 5 The proposed causes of the “cervical insufficiency syndrome.” 
Abbreviations: DES, diethylstilbestrol; LEEP, loop electrosurgical excision 
procedure. Source: From Ref. 42. 


factors (Figure 5) (42). Moreover, more than one mechanism 
of disease may be operative in a specific patient. The possibility 
of novel and yet to be discovered mechanisms of disease 
playing a role must also be considered. 


PREVIOUS TRAUMA AS A CAUSE FOR CERVICAL 
INSUFFICIENCY 

Procedures such as laser ablation, LEEP, and cold-knife 
conization may increase the risk of a preterm birth 
(100,112-118). In a recent retrospective study by Shin et al., 
the rate of preterm delivery was significantly higher in women 
with a history ofa conization when compared with those without 
one [32.1% (18/56) vs. 15.2% (3355/22,070), p < 0.001]. Yet the 
use of a McDonald cerclage (n = 25) was not associated with a 
reduction in the rate of preterm delivery when 
compared with those without cerclage (n = 31) (expectantly 
managed group vs. cerclage group; <28 week, 6.5% vs. 8.0%, 
p = 1.000; <34 week, 19.4% vs. 20.0%, p = 1.000; <37 week, 
29.0% vs. 36.0%, p = 0.579) (119). 


CONGENITAL CERVICAL INSUFFICIENCY 
Exposure to DES in utero has been reported to increase the 
risk of second-trimester pregnancy loss fivefold (6.3% in DES 
exposed vs. 1.6% in the control group) (120). 

There is evidence of familial aggregation in cervical 
insufficiency. In one study, approximately 25% of patients with 
cervical insufficiency had a first-degree relative with a similar 
diagnosis (121). This has been attributed to genetic factors 
involved in the regulation of extracellular matrix, specifically, 
polymorphisms in the genes encoding for collagen 1 alpha 1 
(COLIAI) and transforming growth factor beta (TGF) (121), 
and recently IL-10 (122). A genetic predisposition to cervical 
insufficiency has been reported in women with Ehlers—Danlos 
syndrome (123,124) and Marfan syndrome (125-128). 


“CERVICAL INSUFFICIENCY” AS A CLINICAL 
MANIFESTATION OF INTRAUTERINE INFECTION 

A proportion of patients presenting with asymptomatic 
cervical dilatation in the midtrimester have microbial invasion 
of the amniotic cavity (MIAC) (106,107) that can be as high as 
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51.5% (106). MIAC may be due to premature cervical 
dilatation with the exposure of the chorioamniotic membranes 
to the microbial flora of the lower genital tract. Microorganisms 
may gain access to the amniotic cavity by crossing intact 
membranes (106). Under these circumstances, infection would 
be a secondary phenomenon to primary cervical disease. 
An alternative is that intrauterine infection or one caused by 
activation of microorganisms present within the uterine cavity 
(129) in the second trimester of pregnancy produces myome- 
trial contractility and cervical ripening. Since uterine contrac- 
tions are usually clinically silent in the midtrimester of 
pregnancy, the clinical picture of an infection-induced 
spontaneous abortion may be indistinguishable from that of 
an incompetent cervix (106,130). The most frequently isolated 
organisms from the amniotic fluid in women with suspected 
cervical insufficiency include Ureaplasma urealyticum and 
Ureaplasma parvum (106,131,132). We have established that 
9% (5/57) of women with a short endocervix (<25 mm) have 
microbiologically proven intra-amniotic infection (108), sug- 
gesting that these infections are subclinical and may precede the 
development of the clinical picture of acute “cervical insuffi- 
ciency” (dilated and effaced cervix with bulging membranes). 


CERCLAGE 

Cervical cerclage was introduced in 1955 by V. N. Shirodkar, 
Professor of Midwifery and Gynecology at the Grant Medical 
College in Bombay, India (39). The procedure was developed in 
response to his observation that “some women abort repeatedly 
between the fourth and seventh months and no amount of rest 
and treatment with hormones seemed to help them in retaining 
the product of conception” (39). Shirodkar referred to a group 
of 30 women who had had at least four abortions (some 
between 9 and 11 weeks). He stated that in his opinion, “95% of 
cases were due to a weak cervical sphincter and the other few to 
an underdeveloped or malformed uterus, etc” (39). Shirodkar 
emphasized that his work was confined to women in whom he 
could prove the existence of weakness of the internal os by 
“repeated internal examinations” (39). Ian McDonald, from the 
Royal Melbourne Hospital, reported in 1957 his experience with 
70 patients who had a suture of the cervix for inevitable 
miscarriage (40). The history of this procedure is relevant since 
50 years after its introduction: cerclage is being used for 
indications different from those originally intended, and there is 
conflicting evidence about its efficacy for the new indications 
(e.g., prevention of preterm birth in women with a sonographic 
short cervix) (39,40,90-92,95—97, 133-154). 

There are several approaches to cervical cerclage: (i) the 
Shirodkar method (39), (ii) the McDonald method (40), 
(iii) the Wurm procedure (155), and (iv) transabdominal 
(156). The latter has been performed using a laparotomy 
approach and later described, laparoscopically (157,158). The 
most widely used procedure is the McDonald cerclage. 


Complications of Cerclage 

The risks associated with the use of cerclage include those that 
can occur intra-operatively (anesthetic complications, blood 
loss, rupture of membranes), in the post-operative period 
(subclinical or clinical chorioamnionitis, preterm PROM, 
cervical laceration, preterm contractions), and at the time of 
labor and delivery (cervical laceration, cervical dystocia, sepsis, 
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uterine rupture) (159-170). The rate of each complication varies 
as a function of the indication for the cerclage, type of cerclage, 
and the state of the cervix and amniotic membranes at the time 
of surgery (161,164,167). Complications commonly reported 
include preterm PROM (elective 2.8-36.3%, emergency 2.8-52.2%) 
(162,167—-170), preterm contractions (36-39%) (168), cervical 
lacerations (elective 0-14%, emergency 0—23.8%) (166-169, 
171), uterine rupture (<0.1%) (172), chorioamnionitis (elec- 
tive 5.2-14.9%, emergency 4—39.1%) (162,167,169,170,172), 
sepsis (0.34%) (166), and bleeding (14.9%) (168). 

Harger (169) reported the outcome of 251 patients; 202 who 
underwent a cerclage placed based upon history and 49 in 
which cerclages were placed due to cervical dilation. The mean 
blood loss was 30ml in those patients who underwent a 
McDonald cerclage and 44 ml in those who had a Shirodkar 
procedure. Two patients who had undergone an emergency 
cerclage lost 150ml of blood. The risk of pregnancy loss 
“apparently caused by elective procedures” was 2% (4/202). 
Acute chorioamnionitis occurred in 1.2% of patients. Cervical 
lacerations occurred more frequently at the time of labor in 
women who had a Shirodkar or McDonald cerclage than in 
those without a cerclage (n = 55,688) (Shirodkar: 11% and 
McDonald: 14% vs. control group: 2.18%, p < 0.001). 
Furthermore, the authors argued that some cesarean sections 
in women who underwent cerclage (McDonald or Shirodkar) 
may be attributed to cervical scarring as a result of the surgery. 

Charles and Edwards noted an increased risk of complications 
in patients undergoing cerclage after 19 weeks of gestation. The 
rate of rupture of the membranes within 5 days of the procedure 
was 19.5%, preterm PROM (26-34 weeks of gestation) 52.2%, 
and chorioamnionitis 39.1% in these patients (162). 

In a retrospective review of 482 singleton pregnancies who 
underwent cerclage placement [McDonald cerclage (n = 377), 
Shirodkar (n = 104)] over a 6-year period, Treadwell et al. 
(167) reported that PROM occurred in 38% of patients and 
was the most frequent complication. The prognostic factors 
determining gestational age at delivery were gestational age at 
the time of cerclage, cervical dilation, and number of prior 
pregnancy losses before 24 weeks of gestation. The rate of 
cervical laceration was 6.7% and was similar for both 
emergency and elective cerclages. Of interest, the primary 
cesarean delivery rate of patients who had undergone a 
Shirodkar cerclage was higher than those who had undergone 
a McDonald cerclage (31% vs. 17%, p < 0.005). 


Cerclage in Patients with Acute Cervical Insufficiency 

Only one randomized clinical trial has tested the effect of 
cerclage in patients with acute cervical insufficiency. Patients 
were identified if they presented with a dilated cervix and 
membranes at or below a dilated external os before 27 weeks of 
gestation. Patients were treated either with emergency cerclage 
and indomethacin (n = 13), or bed rest only (n = 10). 
Indomethacin was only given to one group. Preterm delivery 
before 34 weeks of gestation was significantly less frequent in 
patients allocated to have an emergency cerclage and 
indomethacin than in those managed expectantly [54% 
(7/13) vs. 0% (0/10); p = 0.02]. Antibiotics were administered 
to both groups of patients (173). Acute cervical insufficiency, 
however, can present with different degrees of severity. 
A patient with a dilated cervix in whom the membranes 
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are visible but within the uterine cavity is not the same as the 
patient who has prolapsed “hourglass” membranes in the 
vagina with a fetal presenting part. The latter group represents 
a greater surgical challenge and is often associated with 
subclinical intrauterine infection. One recommendation is to 
place the patient in the Trendelenburg position and to allow 
reduction of the membranes to the amniotic cavity. Since 
patients with intra-amniotic inflammation/infection have a 
poor prognosis if a cerclage is placed, an amniocentesis is 
performed to look for infection/inflammation. The workup 
includes an amniotic fluid Gram stain, white blood cell count, 
glucose, and culture for aerobic and anaerobic bacteria as well 
as genital mycoplasmas. If a cerclage is placed, patients 
are often followed by transvaginal ultrasound. The length of 
the cervix after a cerclage has some prognostic value about the 
likelihood of success (174-177). 


Cerclage to Prevent Preterm Delivery in Women with a 
Short Cervix without a History of Preterm Delivery 

The largest randomized clinical trial in which cerclage was 
used in patients with a sonographic cervical length <15 mm 
was conducted by the Fetal Medicine Foundation of the 
United Kingdom (150). Cervical length was measured in low- 
risk patients at a median gestational age of 23 weeks, and 
those with a cervix <15mm were randomized to either the 
expectant management (n = 126) or cerclage group (n = 127). 
The rate of preterm delivery at <33 weeks of gestation was 
not significantly different [expectant management group 
26% (33/126) vs. cerclage group 22% (28/127)]. The 
conclusion of this study is that cerclage placement in patients 
with a short cervix without risk factors for preterm delivery 
does not reduce the rate of preterm birth, neonatal morbidity, 
or the rate of perinatal death (150). 


Prophylactic Cerclage and Cerclage in Patients with a 
History of Preterm Delivery and a Short Cervix 

The role of prophylactic cerclage in high-risk patients without 
a sonographic short cervix for the prevention of preterm 
delivery/midtrimester abortion (by history) is unclear 
(144,152,165,178,179). While the largest trial conducted prior 
to the introduction of ultrasound evaluation of the cervix 
suggested a modest beneficial effect (179), other trials 
(165,178) and systematic reviews (41) prior to the use of 
ultrasound have indicated that the evidence of effectiveness for 
prophylactic cerclage is either weak or nonexistent. 

In the Cervical Incompetence Prevention Randomized 
Cerclage Trial (CIPRACT) study, Althuisius et al. (135,180) 
randomized 73 pregnant women at <15 weeks of gestation 
with risk factors for “cervical incompetence” to have a 
prophylactic cerclage (n = 23) or be observed (n = 44). Four 
patients had a spontaneous abortion during the first trimester 
and two were lost for follow-up. The risk factors of “cervical 
incompetence” included the history of preterm delivery before 
34 weeks of gestation, previous preterm PROM before 
32 weeks of gestation, history of cold-knife conization, DES 
exposure, and a Miillerian duct abnormality. Prophylactic 
cerclages (i.e. McDonald) were generally placed between 
10 and 12 weeks (later if enrolled at a later gestational age) 
using a braided polyester thread. In both groups, cervical 
length was evaluated every 2 weeks after randomization. The 
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rate of preterm delivery (<34 weeks) was similar in both 
groups [prophylactic cerclage 13% (3 of 23) vs. observation 
14% (6 of 44); p > 0.05] as well as the neonatal survival 
[prophylactic cerclage 91% (21 of 23) vs. observation 93% 
(41 of 44); p > 0.05]. Patients allocated to the observation 
group were followed with serial sonography. If the cervical 
length shortened (<25 mm) before the 27th week of gestation, 
patients were randomized to both therapeutic cerclage and 
indomethacin with bed rest (n = 20) or bed rest alone (n = 16). 
Patients who received a cerclage and indomethacin had a lower 
rate of preterm delivery at <34 weeks and composite neonatal 
morbidity (neonatal intensive care unit admission or neonatal 
death) [0% vs. 44% (7 of 16), p = 0.002; and 5% (1 of 19) vs. 
50% (8 of 16), p = 0.005]. 

By contrast, Rust et al. (91,181) randomized 113 patients 
presenting with a short cervix (<25 mm) or funneling (225%) 
between 16 and 24 weeks into the therapeutic cerclage group 
(n = 55) and the no-cerclage group (n = 58). The population 
included patients with and without risk factors for preterm 
birth. All patients underwent amniocentesis to exclude intra- 
amniotic infection and received 48 hours of therapy with 
indomethacin and antibiotics. There were no significant 
differences between the two groups with respect to the rate 
of preterm delivery at <34 weeks of gestation (35% vs. 36.2%), 
readmission for preterm labor (52% vs. 53%), placental 
abruption (11% vs. 14%), chorioamnionitis (20% vs. 10%), 
and the perinatal death rate (13% vs. 12%). 

The CIPRACT study (135,152) enrolled only patients at risk 
for preterm delivery, while in the trial of Rust et al. (91,181), 
13% of patients were at low risk. The positive predictive value 
for a short cervix to predict preterm delivery is higher in 
patients with a history of preterm birth. The fact that the rate 
of preterm delivery in the control group of the CIPRACT study 
was higher than that of the study of Rust et al. (43.8% vs. 
36.2%) may explain, at least in part, the different results 
between these two studies. 

Berghella et al. (146) conducted a randomized clinical trial 
of the use of McDonald cerclage in women with one or more 
risk factors for preterm birth (one or more prior deliveries at 
<35 weeks, two or more curettages, history of DES exposure, 
cone biopsy, Miillerian anomaly, or twin gestation). Sixty-one 
patients with a cervical length <25mm or funneling >25% 
were randomized to cerclage or bed rest. The authors reported 
that 47 pregnancies (77%) were high-risk singleton gestations. 

There was no significant difference in the rate of preterm 
birth prior to 35 weeks in women who underwent cerclage 
(14 of 31; 45%) compared with those in the bed rest group 
(14 of 30; 47%) (RR 0.94; 95% CI 0.34-2.58). Similarly, 
patients with a singleton gestation and a prior preterm birth at 
<35 weeks of gestation and a cervical length <25 mm (n = 31 
women) also had no benefit from cerclage placement (40% vs. 
56%; RR 0.52; 95% CI 0.12-2.17) (146). 

Owen et al. (153) reported a randomized clinical trial in 
which women with a prior spontaneous preterm birth before 
34 weeks of gestation and a short cervix (defined as a cervical 
length <25 mm) were randomly assigned to have a cerclage or 
to be managed expectantly. The primary endpoint for the trial 
was birth at <35 weeks of gestation. Of the 302 patients 
randomized, 148 were allocated to the cerclage group and 153 
to the non-cerclage group. There was a non-significant decrease 
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in the primary endpoint (delivery at <35 weeks of gestation) in 
women allocated to the cerclage group than in the non-cerclage 
group (32% vs. 42%: OR 0.67; 95% CI 0.42-1.07; p = 0.09). 
A post hoc analysis demonstrated that the rate of preterm 
delivery at <35 weeks was significantly lower in women with a 
cervical length below 15mm, and there was no demonstrable 
effect in women with a cervical length between 16 and 24mm. 
This study reported that cerclage reduced the rate of previable 
birth and perinatal mortality. The results of the secondary 
analysis (<15 mm) are considered to be hypothesis-generating. 

A meta-analysis of five trials in which women had singleton 
gestations, previous spontaneous preterm birth, and cervical 
length <25mm before 24 weeks of gestation demonstrated 
that placement of a cerclage was associated with a lower rate of 
preterm birth before 35 weeks of gestation [28.4% (71/250) vs. 
41.3% (105/254); RR 0.70, 95% CI 0.55-0.89]. Moreover, an 
index of perinatal mortality and morbidity (composite index) 
was significantly reduced in patients who had a cerclage 
(15.6% in the cerclage group vs. 24.8% in patients without 
cerclage, RR 0.64, 95% CI 0.45-0.91). Subgroup analysis 
demonstrated that in women with a cervical length of 15.9 mm 
or less, cerclage was associated with significant prevention of 
preterm birth at <37, 35, 32, and 28 weeks. The authors also 
examined the effect of cerclage as a function of cervical length. 
In patients with a sonographic cervical length of 16-24.9 mm, 
cerclage was associated with a significant reduction in the rate 
of preterm birth at <37 and <24 weeks of gestation (154). 
The authors stated that, based on their findings, “the effect of 
this intervention is important but clearly not the solution to 
the whole problem of preterm birth” and call for “further 
understanding of the pathophysiology of spontaneous preterm 
birth.” Thus, cerclage may be effective in reducing the rate of 
preterm birth in a subset of patients. 


PESSARY IN WOMEN WITH CERVICAL INSUFFICIENCY 
AND/OR A SHORT CERVIX 

The first report of the use of a pessary for the treatment of 
cervical “insufficiency” was in 1959 (182). Advocates for 
pessaries to prevent preterm delivery argued that their use 
should be considered in women with suspected cervical 
insufficiency because cerclage had not been proven to be 
efficacious in the prevention of preterm birth, and pessaries 
would not have the complications known to occur with 
cerclage. Vaginal pessaries are inexpensive, can be readily 
placed and removed, and allow outpatient management 
(without anesthesia) (183). 

Several studies have evaluated the use of a pessary to prevent 
preterm delivery in women with suspected cervical insuffi- 
ciency based upon history. Most of these reports consist of 
small case series (183-191). 

Arabin et al. (187) reported sonographic cervical length 
measurements on patients with a prior spontaneous preterm 
birth before 36 weeks of gestation or early symptoms of 
preterm labor (pressure or contractions) and twin pregnan- 
cies. Patients with a cervical length <15 mm between 22 and 28 
weeks of gestation were offered the use of a silicone pessary 
(Arabin pessary). The outcome of 11 patients who had a 
pessary was compared with a gestational age and cervical 
length—matched group. The control group consisted of 12 
singleton pregnancies and 23 twin gestations. Placement of a 
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pessary was associated with a higher gestational age at delivery 
in both the singleton and twin gestations [for singletons, 
the mean gestational age at delivery was 38 (36-6/7 to 41) vs. 
33-4/7 weeks (26-38), p = 0.02; for twins, 35-6/7 (33 to 37-4/ 
7) vs. 33-2/7 weeks (24-4/7 to 37-2/7), p = 0.02]. None of the 
12 singleton gestations with a pessary delivered prior to 36 
weeks of gestation [pessary 0% (0/12) vs. control 50% (6/12), 
p < 0.001] (187). Based on these results, several trials are now 
in progress to determine whether a pessary can reduce the rate 
of preterm birth in women with a short cervix in both 
singleton and twin gestations (Carreras, Nicolaides, Palacio, 
Moratonas, Nizard). At this time, there is no evidence that 
cerclage is effective in twin gestations. 


PROGESTERONE FOR THE PREVENTION OF PRETERM 
BIRTH IN WOMEN WITH A SONOGRAPHIC SHORT 
CERVIX 

Vaginal progesterone reduces the rate of preterm delivery at <28, 
<33, <34, <35 weeks of gestation (110, 111), as well as the rate of 
respiratory distress syndrome and neonatal morbidity (111). 
The role of vaginal progesterone in the prevention of preterm birth 
in women with a sonographic short cervix is discussed further in 
the chapter focusing on preterm labor in this book (Chapter 1). 
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4 Recurrent pregnancy loss 


Christine E. Ryan and Danny J. Schust 


INTRODUCTION 

Recurrent pregnancy loss (RPL) can be devastating to families 
involved. It is defined as three or more spontaneous or two or 
more consecutive losses prior to 20 weeks of gestation. It can 
be subdivided into preclinical losses at less than 6 weeks or 
clinical losses at greater than or equal to 6 weeks of gestation. 
Clinical losses can be further subclassified as embryonic 
(crown-rump length is at least 5 mm with no cardiac activity) 
or fetal (10-20 weeks without cardiac activity). Other experts 
have instead subdivided the losses into early (prior to 12 weeks 
of gestation) or late (between 12 and 20 weeks). Primary RPL 
exists if a couple has never carried a pregnancy to viability, 
whereas secondary loss is present if at least one viable term 
pregnancy has been achieved. 

In considering the incidence of this disorder, one must keep 
in mind the baseline risk of miscarriage: fetal viability is 
achieved in only 30% of all conceptions and at least 50% of 
pregnancies are lost before a missed period (1). Among 
clinically recognized pregnancies, 10% to 15% still undergo 
sporadic loss during the first or early second trimester (2). RPL 
occurs in 1% to 4% of couples, with a definite cause identified 
in no more than 40%. Risk of subsequent loss, stratified by the 
number of prior losses, is detailed in Table 1. 

It follows that the workup of couples with recurrent loss can 
justifiably be undertaken after two or more consecutive losses 
as the risk of recurrence is similar to that after three losses (2). 
Furthermore, the frequency of identifiable causative factors is 
similar after two or three losses. Other experts have suggested 
proceeding with workup for couples only after three con- 
secutive losses at less than 10 weeks, unless the couple has had 
a previous euploid loss or experiences concomitant infertility 
or advanced maternal age (3). This latter approach can be 
justified by the fact that 25% of women aged 30 or less will 
have a subsequent loss whereas 50% to 60% of women at or 
beyond age 40 will experience a repeated loss (4,5). 


PRECONCEPTION EVALUATION 

Upon presentation to the clinic, it is imperative to have an 
organized diagnostic approach in order to avoid overwhelming 
either the affected couple or the provider. We recommend 
evaluation after a second consecutive loss without prior live- 
born child, a third loss if the couple has had a prior live-born 
child, or after two losses in the presence of infertility or 
advanced maternal age. 

History should include age; past medical history and 
medications; characteristics, pattern, and gestational age of prior 
losses; exposure to toxins or recent travel; previous gynecologic 
or obstetrical infections; previous workup; family history [cycle 
regularity, spontaneous losses, diethylstilbestrol (DES) exposure, 
genetic syndromes, and thromboses]; and a thorough review of 
systems (e.g., rheumatic diseases). Karyotypes of prior losses 


should be recorded if available. A general overall physical 
examination should then be performed including a pelvic 
examination. 

Testing can then be offered. Keep in mind when ordering 
tests that nocturnal gonadotropin-releasing hormone pulses 
do not resume until 4 weeks postpartum, so some endocrine 
evaluations [prolactin (PRL), follicle-stimulating hormone 
(FSH), if indicated] should not be pursued until at least 
one month after a loss. Anticardiolipin antibodies, homocys- 
teine, and protein S levels are altered by pregnancy and may not 
return to baseline until 6 to 12 weeks postpartum, further 
supporting a slight delay before initiating the workup (Table 2). 

As a final note on the general evaluation, it is important that 
prenatal vitamin supplementation is recommended to all 
preconceptual patients. Poor dietary intake of vitamins has been 
associated with spontaneous pregnancy loss. For example, a 
folate level of 2.2 ng/mL (4.9 mmol/L) is associated with an 
increased rate of sporadic loss with an odds ratio of 1.47 (95% 
CI 1.01-2.14) (6). A recent Cochrane review of randomized trials, 
however, showed that vitamin supplementation does not prevent 
miscarriage or stillbirth. They do, however, lessen the likelihood 
of developing pre-eclampsia and have been shown to increase 
the likelihood of multiple gestations (7). Other benefits include 
lesser likelihood of neural tube defects, anemia, or other vitamin- 
associated deficiencies that may be common in pregnancy. 

The remainder of this chapter will focus on the evidence 
supporting or refuting various proposed etiologies for RPL and 
their respective evidence-based management strategies. 


ETIOLOGY AND MANAGEMENT 

Uterine Abnormalities 

With the exception of the septate uterus and possible acquired 
anomalies, uterine abnormalities are more commonly associated 
with second rather than first-trimester losses. These abnormalities 
include congenital anomalies of fusion or resorption, fibroids and 
polyps, synechiae or Asherman syndrome, and DES exposure. 
The diagnostic modalities for appropriate diagnosis include 
hysterosalpingogram (HSG), hysteroscopy, sonohysterography, 
laparoscopy, MRI, or three-dimensional ultrasonography. Each 
modality has advantages and disadvantages. For example, the 
sensitivity and specificity of standard two-dimensional transva- 
ginal ultrasonography in diagnosing a uterine septum are 
100% and 80%, respectively, while sensitivity and specificity 
using MRI are both 100% (8). Three-dimensional ultrasono- 
graphy can be added after an abnormal two-dimensional 
ultrasound to improve the aforementioned specificity. Three- 
dimensional sonography is preferred over hysterosalpingography 
as the former test is less expensive and less invasive and allows for 
improved visualization of the endometrial cavity and myome- 
trium. Three-dimensional ultrasonography can reliably delineate 
between septate and bicornuate uteri (9,10). 
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Anomalies 


Overall, the presence of a congenital uterine anomaly appears 
to almost double the risk of RPL: anomalies have been 
identified in 6.3% of recurrent loss patients versus 3.8% of 
fertile women (p< 0.05). In one investigation, the breakdown 
of specific anomalies among RPL patients was 1.9% bicornuate 
(vs. 0.4% among fertile women, p< 0.01), 2% septate, and 
1% arcuate uteri, with latter two not holding a statistically 
significant difference when compared with fertile women 
(Table 3) (11). 

One common current theory holds that the causative 
factor for loss in patients with a septate uterus is 
implantation on the septum itself. This is thought to 
result in inadequate placentation secondary to poor septal 
vascularity and resultant early demise. This theory is 
supported by the timing of losses: early first trimester with 
septate uteri versus second-trimester losses or preterm 
deliveries with bicornuate and unicornuate uteri (13). In 
addition, although the vascular density of septa is similar 
to normal myometrium (14), a study of 12 pregnancies in 
women with septate uteri revealed that the only four 
successful pregnancies were those that had implanted 
away from the septum (15). Furthermore, several uncon- 
trolled studies have shown that septum resection leads to 
an improved rate of successful subsequent pregnancy. A 
retrospective case series showed that 70% to 85% of RPL 
patients who underwent surgical correction of bicornuate 
and septate uteri delivered viable infants in the next 
pregnancy (16). Hysteroscopic resection of uterine septa 


Table 1 Risk of Subsequent Pregnancy Loss 


After one successful pregnancy 12% 
After two consecutive losses 24-26% 
After three consecutive losses 
With at least one previous live birth 30% 
Without previous live birth 32-45% 
After four consecutive losses 40-50% 


Table 2 Diagnostic Evaluation 


Anatomic Sonohysterogram or hysteroscopy 

MRI if indicated 

Genetic 
Genetic counseling if indicated 


Thrombophilias 
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leads to comparable subsequent pregnancy rates with 
those seen after metroplasty (16), leading the American 
College of Obstetricians and Gynecologists (ACOG) to 
make a compendium recommendation supporting hys- 
teroscopic resection. No prospective controlled studies 
have been undertaken. Extensive surgical procedures, such 
as Strassman unification, are rarely undertaken. 

The contribution of the arcuate uterus to RPL is more 
controversial. One study of 61 RPL patients identified an 
arcuate uterus in 15% via three-dimensional ultrasound 
and hysteroscopy versus 3% of 1000 general gynecologic 
patients (17,18). Others, however, have argued against the 
presence of an association (19,20). 


Leiomyomata and Polyps 


Theories concerning the contribution of leiomyomata or 
endometrial polyps as an etiology of RPL have centered on 
their disruption of endometrial vasculature, the intrauterine 
cavity, or tubal patency. Either polyps or fibroids may act as 
foreign bodies, similar to intrauterine devices, and thus 
disrupt pregnancy. The direct association between submu- 
cosal fibroids and RPL has had some controversy in the past 
although uncontrolled studies do reveal an association. 
Intramural fibroids have been proven to interfere with 
implantation of in vitro fertilization pregnancies, though 
little data are available relative to intramural fibroids and 
RPL. The rate of spontaneous loss decreases after removal 
of fibroids over 5cm in diameter, regardless of their 
location (21) and, therefore, resection is recommended. 
Hysteroscopic approaches for fibroid removal are preferred 
when possible. 


Synechiae 

Uterine synechiae may occur after uterine infection, 
intrauterine curettage, or other uterine instrumentation. 
Synechiae have been found in 5% of patients with RPL. 
Hysteroscopy is typically recommended to lyse these adhe- 
sions, although strong data to support this treatment are 
lacking. 


Parental karyotype and conceptus cytogenetic results 


(Consider full testing if >10-week loss, history of VTE, family history of thrombosis, or non-Caucasian) 


All patients: factor V Leiden, PT G20210A mutations, homocysteine level 


APC resistance 


Consider AT III, PC, and PS deficiency testing in all Asian patients 


Immunologic 


(Low or unsustained, moderately positive values are not clinically significant) 


Russel’s viper venom time (RVVT) (=lupus anticoagulant) 


Anticardiolipin antibodies (IgG or IgM) 


Anti-B2 glycoprotein I antibodies (IgG and IgM) 


Consider antithyroid antibodies 
Endocrine 


Luteal phase duration (positive ovulation kit test till day 1 menses; <13 days indicative of deficiency) 


Day 3 FSH (for ovarian reserve), TSH, PRL (if menses irregular or with galactorrhea) 
If menses irregular with signs of PCOS, consider androgens, SHBG, 17OHP, and insulin sensitivity testing 


Abbreviations: MRI, magnetic resonance imagine; VTE, venous thromboembolism; FMH, family medical history; FVL, Factor V Leiden; PT, prothrombin; APC, 
activated protein C—15% of activated protein C resistance is not due to FVL; AT, antithrombin; PC, protein C; PS, protein S; Ig, immunoglobulin; FSH, 
follicle-stimulating hormone; TSH, thyroid-stimulating hormone; PRL, prolactin; PCOS, polycystic ovarian syndrome; SHBG, sex hormone-binding globulin; 


170HP, 17-hydroxyprogesterone. 
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DES Exposure 

While isolated spontaneous loss is more common with a 
history of DES exposure (22), little data exist regarding its 
relation to RPL. No approach to the correction of anatomic 
abnormalities related to DES exposure has been successful. It 
does, however, seem warranted to seek this history, as the 
implications go beyond maintenance of pregnancy. 


Cervical Incompetence 

A Cochrane review of six trials, including 2175 women, found 
there to be no benefit for either prophylactic or therapeutic 
cervical cerclage among patients with presumed cervical 
incompetence and any adverse pregnancy outcomes (includ- 
ing RPL). For prophylactic cerclage, no reduction was seen in 
overall pregnancy loss and preterm delivery rates in the overall 
analysis, although a small decrease in births prior to 33 weeks 
was reported in one of the included trials (RR 0.75, 95% 
CI 0.58-0.98). Additionally, the use of therapeutic cerclage 
upon ultrasound findings of decreased cervical length failed to 
positively alter total pregnancy loss, early pregnancy loss, or 
preterm delivery rates (23). 


Genetic Factors 

Parental chromosomal anomalies are identified in 4% of 
couples with RPL versus 0.2% of couples in the general 
population. Maternal anomalies are identified in a 3:1 ratio 
relative to paternal anomalies. Of spontaneous abortions, 
60% to 75% have an abnormal fetal karyotype (24). These fetal 
chromosomal abnormalities have a more prominent role in 
single losses than recurrent losses. In fact, as the number of 
pregnancy losses increases for any given couple, the risk of fetal 
chromosomal aberrations decreases. In other words, loss of a 
chromosomally abnormal fetus carries a higher chance of 
subsequent live birth than loss of a euploid embryo (25,26). To 
this point, if the karyotype of the first abortus is aneuploid, 
then the karyotype of the second successive loss is abnormal in 
50% to 70%; if the first is chromosomally normal, then the 
incidence of a karyotypic abnormality in the second loss is 
decreased to 20% (27,28). 

At least half of clinically recognized, isolated spontaneous 
abortions have a chromosomal anomaly. Of these, 56% are 
trisomic, 20% are polyploid, 18% exhibit monosomy X, and 
4% carry unbalanced translocations (29). For comparison, 
70% of preclinical spontaneous losses are chromosomally 
abnormal whereas only 5.6% of second- and third-trimester 
losses carry these abnormalities (30,31). It has been suggested 
that the majority of these losses may be secondary to maternal 


Table 3 Reproductive Performance with Different Uterine 
Malformations 


Spontaneous Preterm Live 

abortion (%) delivery (%) birth (%) 
Didelphys 20 53.3°° 40° 
Unicornuate 37.5? 25? 43.7 
Bicornuate 25 25> 625° 
Septate 255 14,5>¢ 62° 
Arcuate Dyg A S27 


Note: Statistical significance by column: “p< 0.05; ““p< 0.01; “p < 0.001. 
Source: Adapted from Ref. 11,12. 
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aging rather than nonrandom events (32,33). Preimplantation 
genetic diagnosis (PGD) studies have irrefutably demonstrated 
that 50% of embryos from RPL couples have aneuploidy 
(34,35). 

The ACOG recommends karyotype screening of all RPL 
couples. This recommendation is based (i) on the couple’s 
desire to identify a cause, (ii) on the fact that the couple may 
benefit from prenatal genetic testing if a balanced chromoso- 
mal abnormality is identified, and (iii) on the fact that normal 
appearing offspring may carry the abnormality and thus have 
potential reproductive complications of their own (2). 


Aneuploidy 

One aneuploid loss increases the risk of a subsequent 
aneuploid loss (36). Trisomies are the most common anomaly 
as a group, led by trisomy 16. Still, the single most common 
aneuploidy found in first-trimester pregnancy loss specimens 
is 45 X,0. Some experts therefore suggest that it would be 
prudent to perform cytogenetic analysis of second and 
subsequent losses, understanding that a trisomic loss does 
not increase the risk of recurrent loss (33). In fact, recurrent 
aneuploidy or polyploidy, though seen with sporadic loss, has 
not been proven to be associated with recurrent loss when 
stratified for age (37). If the karyotype of an abortus is found to 
be aneuploid, a maternal cause for loss can be effectively 
excluded. The discovery of a legitimate cause for the loss may 
also be a source of comfort for the grieving family. 

A recent study examined 420 losses from 285 couples and 
compared the frequency of chromosomal anomalies among 
recurrent loss patients with the frequency among patients 
without such a history. Significant differences were found 
between the two groups in the distribution of cytogenetic 
abnormalities, but the difference dissipated after stratification 
for maternal age. In younger women (i.e., less than 36 years of 
age), more spontaneous losses were euploid (37), suggesting 
other etiologies for RPL. 

It is important to note that generalized screening for 
aneuploidy (as opposed to screening for a specific genetic 
abnormality using PGD) among embryos from chromoso- 
mally normal couples with a history of RPL is not currently 
recommended. Once considered promising, a recent review 
article concluded that preimplantation genetic screening 
(PGS) does not increase pregnancy rates in patients at risk 
of aneuploidy, including couples experiencing RPL (38). This 
is not surprising, however, given the current limitations on the 
numbers of chromosomes that can be screened using PGS. 
The outcomes of this intervention among recurrent loss 
patients should, therefore, be revisited when techniques for 
simultaneously screening all 23 chromosomes, such as 
complete genomic hybridization, become widely available. 


Chromosomal Rearrangements 

Overall, 2% to 4% of RPL couples have a partner with a 
chromosomal rearrangement (2). This is less common if there 
is no history of prior stillbirth or anomalous infant: 2.4% of 
females and 1.6% of males with no such history versus 4.6% 
of females and 1.7% of males with the aforementioned 
history (39). In these situations, family history may be telling 
as the translocation may have been in the lineage for multiple 
generations prior to detection. Although the carrier parents 
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Table 4 Thrombophilias and Recurrent Pregnancy Loss 


Study 
Rey 2003 (meta-analysis of 31 studies) 


Associations supported 


RPL <13 weeks associated with FVL (G1691A), 
Activated protein C resistance, PT gene 
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Associations refuted 


MTHER, PC deficiency, and ATIII 
deficiency were not associated 


mutation (20210A), and PS deficiency 


Kovalesky 2004 (meta-analysis of 16 studies) 


RPL (two or more first- or second-trimester 


losses) associated with FVL and PT gene 


mutation 
Krabbendam 2005 (review of 69 studies) 


Hyperhomocysteinemia, antiphospholipid 


antibodies, FVL, and activated protein C 
resistance are associated with early RPL 


Abbreviations: RPL, recurrent pregnancy loss; FVL, Factor V Leiden; MTHFR, methyltetrahydrofolate reductase; PC, protein C; ATIII, antithrombin III 


deficiency; PT, prothrombin; PS, protein S. 


are balanced in their chromosomal content, segregation 
during meiosis results in duplication or deficiency in the 
chromosomal constitution of some of the gametes. The 
incidence of de novo translocations is 1/2000 for reciprocal 
translocations (which makes up 60% of anomalies and yields 
normal gametes one-half of the time) and 1/9000 for 
Robertsonian translocations (40% of anomalies and yields 
normal gametes one-third of the time) (40). A natural 
selection of sorts appears to occur among sperm from men 
with balanced translocations, explaining why female carriers 
generally have a 10% risk of a subsequent abnormal live birth 
whereas the risk for male carriers is only 1%. 

Therapy for the couples with RPL and balanced transloca- 
tions relies on genetic counseling and discussion of options for 
prenatal diagnosis, donor gametes for the affected partner, or 
PGD with implantation of unaffected embryos. For fully 
evaluated RPL couples in whom one partner carries a 
structural chromosomal rearrangement, the subsequent live- 
birth rate is greater than 70% after evidence-based treatment, 
close monitoring, and supportive care (41). 


Other 

Other chromosomal anomalies associated with pregnancy loss 
tend to involve the X-chromosome. Women with Turner 
mosaicism who become pregnant are more susceptible to 
spontaneous loss. Of 160 pregnancies in these mosaic patients, 
29% ended in spontaneous loss, 20% delivered children with 
malformations, and 7% resulted in perinatal death (42). 
Additionally, highly skewed X-chromosome inactivation may 
be responsible for otherwise unexplained recurrent losses (43). 
However, as commercial tests are generally unavailable for 
X-inactivation and other rare genetic abnormalities, testing is 
generally not available, performed, or recommended. 


Thrombophilias 

Thrombophilias include a diffuse group of inherited hypercoa- 
gulable states. The most often discussed include Factor V Leiden 
(FVL), prothrombin (PT) G20210A promoter mutation, 
deficiencies of proteins C and S (PC and PS, respectively), 
antithrombin III deficiency (ATIII), and hyperhomocysteinemia 
[including abnormalities in methyltetrahydrofolate reductase 
(MTHER)] function. The antiphospholipid syndrome (APS) is 
another hypercoagulable state associated with RPL, but it is 
acquired and will be discussed separately under the Immunology 
section. It has been suggested that patients to be tested for 


familial hypercoagulability should include those with unex- 
plained fetal death beyond 10 weeks, personal history of venous 
thromboembolism, a suggestive family history, and those with at 
least three first-trimester losses. 

The presence of two or more heritable thrombophilic 
defects has been associated with adverse outcomes, including 
pre-eclampsia, thrombosis, intrauterine growth restriction 
(IUGR), and even fetal death (44). The association between 
RPL and hypercoagulable states continues to be somewhat 
controversial with some research supporting (45-48) and 
other reports refuting (49-53) an association. The results of 
two recent meta-analyses and one review have been summar- 
ized in Table 4. Since controversy continues, it is useful to 
discuss the individual defects separately. 

First, consider FVL and the PT promoter gene mutation. 
These mutations are common and carry low thrombotic risk 
in the heterozygotic state. They are reported to be present in 
approximately 9% and 3% of Caucasian women in the United 
States, respectively. These two thrombophilias have been 
associated with 25% of isolated thromboses and 50% of 
familial thromboses. Among RPL patients (with at least three 
losses and no successful pregnancies), the prevalence of FVL is 
9% (OR 2.6, 95% CI 1-6.7, p = 0.048) (48). Furthermore, a 
prospective case-control study of FVL patients has shown 
lower pregnancy success rate among women with FVL who 
were not treated with anticoagulants (54). 

The autosomal-dominant deficiencies in ATIII, PC, and PS 
are much less common in Caucasians, but carry a 
significantly greater thrombotic risk. These three mutations 
double the relative risk of abortion and stillbirth in carriers 
when compared with women who test negative (RR 2, 95% 
CI 1.2-3.3) (55). Diagnosis, however, can be affected by 
many factors. Oral contraceptive pills increase levels of both 
PC and PS while decreasing ATIII. Cigarette smoking 
decreases levels of PC and PS, while pregnancy decreases 
only the level of PS. Protein C and S testing can evaluate 
protein function or antigen levels. Protein S functional 
screening is non-diagnostic if less than 60% and antigenic 
levels should be performed. 

Hyperhomocysteinemia may be caused by MTHFR muta- 
tion (heritable) and/or low levels of vitamin B6 or B12, or 
folate (acquired). Random homocysteine levels are considered 
mildly elevated at 16 to 24 pmol/L, moderately elevated at 25 to 
100 umol/L, and severely elevated at >100 umol/L. Dietary 
supplementation with vitamins Be Bj2, and folate can 


RECURRENT PREGNANCY LOSS 


Table 5 Diagnostic Criteria for Antiphospholipid Syndrome 


Patients should have at least one clinical and one laboratory criteria 
Clinical criteria 
e >] clinical episodes of arterial, venous, or small-vessel thrombosis 
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e >] unexplained pregnancy loss of a morphologically normal fetus of at least 10 weeks of gestation 
e >] preterm births of a morphologically normal newborn at <34 weeks of gestation due to severe pre-eclampsia or placental insufficiency 
e 23 unexplained consecutive spontaneous abortions before 10 weeks of gestation, with anatomic, hormonal, and parental structural 


genetic factors excluded 


Laboratory criteria: the same antibody must be present on two separate occasions 212 weeks apart 

e Anticardiolipin IgG and/or IgM, present in medium or high titers (>40 GPL or MPL) 

e Anti B,-glycoprotein-1 IgG and/or IgM, present in titers >99th percentile 

e Lupus anticoagulant, detected according to the guidelines of the International Society on Thrombosis and Hemostasis 


Source: Adapted from Ref. 65. 


normalize homocysteine levels, but has not yet been show to 
decrease thrombotic risk (56). 

To summarize, evidence is mounting that supports the 
association between heritable and acquired thrombophilias 
and RPL as well as other adverse pregnancy outcomes. Our 
best data to date are from Caucasian populations and support 
to testing for FVL, PT promoter gene mutations, activated 
protein C resistance, homocysteine elevations, and the APS 
(dealt with in more detail in the next section). In non- 
Caucasian patients, the data are more limited and additional 
testing may be prudent. For instance, protein C, protein S, and 
ATIII deficiencies are significantly more common among 
patients of Asian descent than among Caucasian patients. 

Ideal treatment for patients with heritable thrombophilias 
and RPL remains to be determined. A recent Cochrane review 
of anticoagulants for the treatment of RPL in the absence of 
APS noted that when 20 females with fetal loss after the 
20th week and a thrombophilic defect were randomized to 
enoxaparin or aspirin, enoxaparin increased the live-birth rate 
(RR 10, 95% CI 1.56-64.2). Live-birth rates were unchanged, 
however, in controlled studies of aspirin versus placebo. 
The review’s summary recommendation was that “data are too 
limited to recommend use of anticoagulants” in the setting of 
two or more spontaneous losses or one late intrauterine fetal 
death without apparent causes other than inherited thrombo- 
philias except for anticardiolipin antibodies (57). The formal 
ACOG statement agrees that “whether antithrombotic 
treatment improves subsequent pregnancy outcome is 
uncertain” (2). Further trials are therefore needed. 


Immunologic 

APS 

APS or Hughes syndrome is present in and felt to be 
responsible for 5% of RPL. In this syndrome, losses more 
commonly occur beyond 10 weeks of gestation, generally 
during the second or even early third trimesters (58,59). The 
mechanisms for APS-related losses are thought to be related to 
impaired vascular flow to the fetus. Since blood flow in 
placental vessels is not established until at least 9 to 10 weeks of 
gestation, losses at less than 10 weeks of gestation may be the 
result of impaired gestational nutrition, which occurs via 
diffusion prior to the establishment of intervillous blood flow. 
Thereafter, theories propose that thrombosis and vasocon- 
striction may occur due to antiphospholipid antibody binding 
to platelets and vascular endothelial membranes (60). 


Other researchers purport that the antibodies in APS cause 
inhibition of cytotrophoblastic fusion, invasion, and differ- 
entiation and that this inhibition in turn leads to recurrent 
pre-embryonic or embryonic pregnancy loss (61-63). 

Diagnosis of APS is based on an international consensus 
that was most recently updated in their criteria in 2006 (Table 5). 
The syndrome may be subdivided into primary (no other 
related disease present) or secondary (systemic lupus erythema- 
tosus (SLE), valvular heart disease, or other rheumatic diseases 
coexist). ACOG recommends testing all RPL patients for APS 
laboratory criteria as outlined in Table 5. Although there exists 
evidence linking antiphosphatidylserine antibody positivity to 
early RPL, its role in diagnosis, treatment, and prognosis remains 
controversial (64,65). 

Numerous interventional studies have been performed in 
patients with RPL. The most promising approaches involve 
various regimens of aspirin and heparin. In controlled studies, 
combinations of aspirin, low molecular-weight heparin 
(LMWH), and human chorionic gonadotropin (hCG) as well as 
unfractionated heparin and aspirin led to 70% to 75% successful 
pregnancy outcome versus 50% in untreated controls (66,67). 
Heparin clearly lends benefit, as shown in Empson’s study, where 
addition of heparin to aspirin when compared with aspirin alone 
resulted in a 54% decreased rate of pregnancy loss (RR 0.46, 
CI 0.29-0.71) (68). Heparin also proved more effective than 
intravenous immunoglobulin (IVIG) in randomized trials (69). 
A low-dose aspirin versus placebo study is currently underway. 
LMWH has also been suggested as an effective alternative to 
unfractionated heparin (67,70—72) although not all investigators 
agree. Steroids should not be given if no other clinical 
indication is present, as they have been shown to decrease the 
live-birth rate and increase the rate of fetal and maternal 
complications (73,74). 

Current recommendations for the treatment of patients 
with APS and RPL (but no prior thrombotic episode) support 
initiation of heparin at the time of a positive pregnancy test. If 
given LMWH, these patients are maintained on prophylactic 
doses through approximately 36 weeks of gestation when it is 
recommended to convert to unfractionated heparin to 
decrease the risk of hematoma with epidural placement or 
hemorrhage at the time of delivery. Anticoagulation prior to 
conception is discouraged due to the risk of hemorrhage with 
ovulation. Therapeutic rather than prophylactic doses of 
LMWH or unfractionated heparin should be used if a history 
of thrombosis is present. Close maternal and fetal surveillance 
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should be performed instituted in all patients with a history of 
APS due to the increased risk of significant perinatal morbidity 
including pre-eclampsia, IUGR, and preterm labor. Finally, 
since the risk of thrombosis continues to be increased during 
the first 6 weeks postpartum, anticoagulation should be 
continued after delivery bridge this time period. 


Thyroid Antibodies 
Associations have been made between the presence of thyroid 
antibodies and spontaneous abortion. An increased rate of 
spontaneous pregnancy loss is seen with autoantibodies to 
thyroglobulin or thyroid peroxidase (TPO) if identified in 
early pregnancy or immediately before conception (75,76). In 
other studies, the presence of antithyroperoxidase antibodies 
increased the risk of spontaneous loss from 23% to 50% (77). 
A meta-analysis published in 2004 found the odds ratio for 
spontaneous miscarriage in the presence of thyroid antibodies 
to be 2.73 (95% CI 2.2-3.4) using 8 case-control studies and 
2.3 (95% CI 1.8-2.95) using 10 longitudinal studies (78). 
Antimicrosomal and antithyroglobulin antibodies have 
been identified with increased frequency among females 
experiencing RPL. An investigation of RPL patients in 2000, 
however, concluded that if the patient is euthyroid, the 
presence of antithyroid antibodies does not affect pregnancy 
outcomes (Rushworth 2000). Nevertheless, much additional 
work has been done since 2000 that suggests otherwise and, 
although not specific to the recurrent loss population, is 
worthy of discussion. Studies have shown that patients with 
subclinical hypothyroidism (antibody status not delineated) 
do experience significantly increased rates of adverse obstetric 
events (Abalovich 2002, Casey 2005). A more recent study 
prospectively divided 984 euthyroid pregnant women into three 
groups: those with positive TPO antibodies to whom they gave 
levothyroxine (group A), those with antibodies that did not 
receive levothyroxine (group B), and controls who were negative 
for antibodies and untreated (group C). These researchers found 
a similar miscarriage rates for groups A and C (3.5 and 2.4%, 
respectively), but both A and C had significantly lower 
miscarriage rates than women in group B at 13.4% [p<0.05, 
RR 1.72 (95% CI 1.13-2.25) and p<0.01, RR 4.95 (95% CI 
2.59-9.48), respectively]. Additionally, untreated antibody- 
positive women (group B) had a higher preterm delivery rate 
(22.4%) than women in group A (7%) (p< 0.05, RR 1.66 (95% 
CI 1.18-2.34)) or group C (8.2%) (p<0.01, RR 12.18 (95% CI 
7.93-18.7)) (79). These data support treatment of euthyroid 
pregnant women who test positive for TPO antibodies with 
levothyroxine to decrease the rates of both spontaneous abortion 
and preterm delivery. Further study in patients with a history of 
RPL is certainly warranted. It is, however, important to note that 
in the presence of anti-TPO antibodies, the risk of developing 
hypothyroidism during pregnancy or the postpartum period is 
increased. Therefore, it is recommended that the thyroid- 
stimulating hormone be checked during each trimester and after 
delivery in antibody positive women (80,81). 


Antinuclear Antibodies 

It has been reported that 7.5% of RPL females, compared with 
less than 2% of controls, test positive for antinuclear 
antibodies (ANA) (82). Still, testing for ANA among RPL 
patients does not appear to be helpful in the absence of 
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co-existent rheumatic autoimmune disorders. Subsequent 
pregnancy outcomes among RPL patients with an untreated, 
isolated, positive ANA is no different from those who test 
negative. In a randomized trial, patients with positive 
autoantibodies (including ANA) had no difference in out- 
comes when treated with prednisone and aspirin versus 
placebo (74). Data, therefore, do not support testing for ANA 
or treating positive results. 


SLE 

Patients with SLE have increased rates of both spontaneous and 
recurrent pregnancy loss in all trimesters. Not surprisingly, the 
most sensitive marker for poor pregnancy outcome among this 
group is the presence of antiphospholipid antibodies, which are 
seen in 37% of SLE patients (83,84). Additional predictors of 
poor prognosis include preexisting renal disease and the 
number and severity of pre-pregnancy lupus flares (85,86). 
Patients who meet the criteria for the APS should be treated 
with heparin and low-dose aspirin (see above). 


Alloimmune Disorders 

Alloimmune disorders are purported to cause pregnancy loss 
via an abnormal cell-mediated maternal immune response to 
placental or fetal antigens. One hypothesis for alloimmune 
RPL holds that in normal pregnancies, maternal production 
of a blocking factor prevents rejection of the fetus and that 
these factors are missing in women experiencing RPL (87). 
Evidence used to support this theory includes (i) the 
tendency for RPL partners to share human leukocyte 
antigens, (ii) the fact that females experiencing RPL often 
do not produce purported serum blocking factors, and 
(iii) the fact that women with a history of RPL commonly 
produce anti-leukocytotoxic antibodies against paternal 
leukocytes (2). The blocking factor hypothesis has been 
widely studied, but is poorly supported. 

Among RPL patients, there is a proposed dysregulation of 
normal immune mechanisms at the maternal—fetal interface. 
Theories suggest that a T helper cell type 2 (Th-2) cytokine 
predominance is necessary for successful pregnancy and that T 
helper cell type 1 (Th-1) cytokines (IFN-A and TNF-a) 
negatively affect embryo and trophoblast viability (88-90). 
One investigator demonstrated that production of an 
embryotoxic factor (possibly like IFN-A) from RPL patient 
leukocytes cocultured with placental extracts predicted sub- 
sequent pregnancy failure (88). These findings have not been 
successfully reproduced in other studies (91). Testing for 
embryotoxic factor and treatment based on such testing is not 
currently recommended. 

Decidual NK-like cells that secrete transforming growth 
factor may also be required for successful pregnancy (92). 
Studies show both increased (93) and decreased (92,94) 
Nk-like cell number in luteal phase endometrial biopsies from 
recurrent loss patients. Subsequent pregnancy outcomes may 
be worse with increased decidual NK cell numbers (95). 
Furthermore, higher levels of circulating NK cells have 
also been shown to predict poor outcome with the next 
pregnancy (96,97). The relationship of peripheral NK cell 
numbers and activity of the NK-like cells present at the site of 
implantation is unclear. 


RECURRENT PREGNANCY LOSS 


To date, no specific testing regimens or treatments for 
abnormal alloimmune responses among RPL patients have 
been definitively shown to predict future pregnancy out- 
comes (3,98,99). Flow cytometric assays to document 
maternal antibodies to paternal leukocytes have been proposed 
and do offer biologic plausibility. However, investigations into 
the role of these allo-antibodies have lacked controls and no 
efficacious therapies have resulted. Randomized controlled 
trials of mononuclear cell immunization for patients with a 
history of RPL have yielded conflicting results. Although initial 
investigations appeared promising (100), further studies have 
concluded that immunotherapy to stimulate tolerance is not 
effective. Rather, alloimmune mononuclear cell immunization 
increases the rate of pregnancy loss when compared with 
placebo while carrying the infectious disease and allergic risks 
of transfusions with several other blood products (101). Trials 
using IVIG in patients with RPL have been fairly extensive with 
five randomized trials demonstrating a benefit with interven- 
tion (102) while other investigations and two meta-analyses 
have shown no benefit (103-107). A recent Cochrane review 
of this topic concluded that “paternal cell immunization, third 
party donor leukocytes, trophoblast membranes, and IVIG 
provide no significant benefit over placebo in improving the 
live birth rate” (108). In light of this body of evidence, a 
recent ACOG practice bulletin stated that HLA typing, 
measurement of maternal anti-leukocyte antibodies against 
paternal leukocytes, and measurement of maternal serum 
blocking factors do not predict the outcome of subsequent 
pregnancies. Furthermore, luteal phase biopsy for the 
presence of decidual NK cells, testing for percentage of 
NK cells in maternal peripheral blood, and testing for 
embryotoxic factor are not indicated in patients with a 
history of RPL. In short, alloimmune testing is not indicated 
and no beneficial immunologic treatment options are 
currently available. 


Maternal Infection 

Although no single infectious agent has been clearly linked as 
causative in recurrent loss, several infectious agents have been 
linked to sporadic losses. These include vaginal and cervical 
culture-proven infections with Toxoplasma gondii, rubella, 
herpes simplex virus, measles, cytomegalovirus, coxsackievirus, 
Listeria monocytogenes, Chlamydia trachomatis, and Mycoplasma 
hominis. RPL patients do exhibit increased rates of endometrial 
colonization with Ureaplasma urealyticum (109). In light 
of the large number of possible infectious agents, it could be 
cost-effective to treat each partner empirically with azithromycin 
lg or doxycycline 100mg twice daily for 10 days rather 
than performing multiple repeat cultures. The risks associated 
with this approach are low. It is also reasonable to completely 
omit diagnostic testing and treatment for infectious etiologies in 
RPL as ACOG recommends that tests for these agents 
are generally not useful and empiric antibiotics not warranted. 


Endocrine 

Before considering individual endocrine abnormalities that 
have been associated with RPL, it is important to highlight that 
no current evidence exists to support that any asymptomatic 
endocrine or metabolic diseases directly cause RPL. 
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Luteal Phase Defect 

Luteal phase defect (LPD) is one of the most scrutinized of 
the proposed endocrine causes of RPL. It is hypothesized that 
with LPD, a defective corpus luteum produces insufficient 
amounts of progesterone, preventing implantation or im- 
pairing pregnancy maintenance. It is also hypothesized that 
poor follicular-phase oocyte development often precedes and 
causes LPD due to disordered estrogen secretion and 
dysfunction of the corpus luteum. This may also lead to 
increased luteinizing hormone levels and a hyperandrogenic 
decidual environment. 

The diagnostic criteria for LPD require a histologic lag of 
more than 2 days between dating of an endometrial specimen 
and the documented day of the menstrual cycle. This lag must 
be documented in two cycles. This definition introduces the 
first line of criticism concerning the relationship of LPD with 
RPL: there is considerable inter-observer (110—112) and intra- 
observer (113,114) variations in histologic interpretation of 
the endometrial biopsy. It has been estimated that had a 
different pathologist read an individual biopsy, the “in-phase” 
or “out-of-phase” classifications would change in 20% to 40% 
of cases (112,115). Although LPD has been more often 
associated with RPL than with subfertility, the utility of the test 
is called into question by the fact that no histologic differences 
can be documented in the biopsy specimens from fertile and 
infertile women (116). Furthermore, LPD is common in all 
women tested. Females without a history of pregnancy loss 
show histologic LPD in up to 50% of single biopsies and 25% 
of sequential cycles (117). 

Proposed treatments for LPD in patients with RPL have 
included artificial insemination, ovarian stimulation with 
clomiphene citrate or gonadotropins, administration of 
hCG, and progesterone supplementation. Administration of 
hCG to support the corpus luteum was tested in an 
international, multicentered randomized trial of 75 women. 
In this trial, injection of 10,000 IU of hCG at the diagnosis of 
pregnancy followed by 5000 IU weekly was compared with 
injection of placebo. No significant differences were noted in 
pregnancy outcomes (118). Abnormal expression of endometrial 
progesterone receptors or endometrial adhesion molecules 
during the window of implantation have been detected in 
women with impaired fertility and/or pregnancy outcomes and 
these can sometimes be reversed using supplemental progester- 
one or clomid (119). This restoration of endometrial protein 
expression may be a biomarker for resumption of normal 
endometrial function. Further support for the use of progester- 
one in the treatment of patients with RPL can be found in a 
recent Cochrane review. This meta-analysis of 15 trials including 
2118 women showed no statistically significant difference when 
progesterone was used for the prevention of isolated sponta- 
neous miscarriage (OR 0.98, 95% CI 0.78-1.24). By contrast, 
among women with three or more consecutive pregnancy losses, 
a benefit of progesterone supplementation was noted (OR 0.38, 
95% CI 0.2-0.7), regardless of the route of administration and 
with no adverse effects for mother or baby (120). Although the 
utility of progesterone supplementation in women with 
otherwise unexplained RPL is clear, it remains unclear whether 
the mechanism of progesterone action is through correction of 
LPD, through immune modulation, or through alternative or 
additional activities. 
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Thyroid Disease 

While inadequately treated hyper-, hypo-, and subclinical 
hypothyroidism have been associated with an increased rate of 
isolated spontaneous pregnancy loss and preterm delivery, no 
causal relationship has been established with RPL (121). 
Clinical thyroid dysfunction has also been linked with 
pregnancy complications such as low birth weight, placental 
abruption, reduced childhood intelligence quotients, and fetal 
death (122). Due to these associations, it is recommended that 
patients receive treatment for thyroid disorders and become 
euthyroid prior to attempting pregnancy. For additional 
discussion of this topic, please refer to the previous section 
on thyroid auto-antibodies and RPL. 


Diabetes Mellitus, Insulin Resistance, and Polycystic Ovarian 
Syndrome 

Diabetes mellitus is a risk factor for many adverse pregnancy 
outcomes. It is well established that poor diabetes control leads 
to an increased rate of spontaneous loss, while improved 
glucose control using insulin leads to decreased loss rates 
(123-125). Tight preconceptional glucose control is essential 
among RPL patients with diabetes mellitus. 

The prevalence of insulin resistance is also higher among RPL 
patients than controls (27% compared with 9.5%; OR 3.55, 95% 
CI 1.4~9.01) (126). This may indicate causality. In fact, results 
from small retrospective studies support this in that treatment of 
insulin-resistant RPL patients with insulin-sensitizing agents 
appears to improve pregnancy outcomes (127-129). 

Obesity itself has also been proven to carry an increased risk for 
pregnancy loss. A body mass index of over 30 kg/m? is associated 
with a 1.2 odds ratio of first-trimester loss (95% CI 1.01—1.46) 
and a 3.5 odds ratio for RPL (95% CI 1.03—12.01) (130). 

Among patients with RPL, ultrasonographic evidence of 
polycystic-appearing ovaries has been found more com- 
monly than in the general population (131-134). The 
presence of polycystic ovaries itself did not predict worse 
outcomes than the finding of normal ovaries (131-134), 
although among women with polycystic ovarian syndrome, 
those who suffer pregnancy loss tend to have higher levels of 
circulating androgens than those who have successful 
pregnancies (134). 

In summary, while no single treatment has definitively 
proven to improve pregnancy outcomes among patients with 
disorders of glucose metabolism, evidence is mounting that 
weight loss and improved glucose control using insulin 
sensitizers or optimized insulin regimens will probably 
increase pregnancy maintenance. 


Decreased Ovarian Reserve 

The prevalence of elevated FSH levels among RPL patients is 
similar to that of an infertility population (135). Women with 
unexplained RPL, however, have a greater incidence of 
elevated day 3 FSH levels than RPL patients with an identified 
etiology. Among 57 women with three or more spontaneous 
pregnancy losses, 31% of those with unexplained losses 
(n = 36) had day 3 FSH levels greater than 10 mIU/mL 
compared with only 5% of women with explained losses (136). 
Testing for ovarian reserve among older RPL patients may help 
to determine the level of urgency in diagnostic testing and 
interventions. 
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Table 6 Nonsteroidal Anti-inflammatory Drug Use and 
Risk of Pregnancy Loss 


Hazard ratio (95% CI) 


Users overall 1.8 (1.0-3.2) 
Gestational age at first use: 
At conception 5.6 (2.3-13.7) 
After conception 1.2 (0.5-2.6) 
Duration of use: 
<1 week 1.3 (0.7-2.6) 
>1 week 8.1 (2.8-23.4) 


Abbreviation: CI, confidence interval. Source: Adapted from Ref. 138. 


Hyperprolactinemia 

Elevated levels of PRL induce LPDs and may decrease 
progesterone production by the corpus luteum. Hyperprolac- 
tinemia is also thought to interact with the hypothalamic— 
pituitary—ovarian axis to cause inadequate follicular 
development and oocyte maturation. After evaluation for 
intracranial lesions, treatment of elevated serum PRL levels in 
women experiencing RPL can be safely undertaken with 
bromocriptine or cabergoline. Pharmacologic normalization 
of the PRL levels has been proven to improve pregnancy 
success rates among RPL patients (137). 


Environmental/Occupational Factors and Habits 

No associations have been clearly established between RPL and 
environmental factors, occupational exposures, or work itself. 
Furthermore, exercise has not been proven to increase the rate 
of sporadic loss, though no studies have been conducted 
involving recurrent loss patients. 

It is important to recognize, however, that some environ- 
mental exposures lead to a slight, but statistically significant, 
increase in the rate of isolated spontaneous pregnancy losses 
including nonsteroidal anti-inflammatory drugs (Table 6), 
tobacco, alcohol, and heavy caffeine use. These may act in a 
dose-dependent fashion or synergistically. Their discussion 
with RPL patients must be carefully approached to avoid 
generating guilt. It may be useful to discuss these factors as 
methods to maximize desirable pregnancy outcomes. 


Tobacco Abuse 

Smokers incur a 1.4- to 1.8-fold increase in their risk of 
pregnancy loss (139,140), and secondhand smoke leads to a 
1.52- to 2.18-fold increase in the risk (141). It remains 
important to encourage both partners to attempt smoking 
cessation. 


Alcohol 

Drinking more than one alcoholic beverage per day carries an 
adjusted odds ratio for spontaneous pregnancy loss of 4.84 
(95% CI 2.87-8.16) (142). Additionally, the average number 
of daily drinks is directly proportional to the risk of second- 
trimester pregnancy loss, irrespective of age, parity, race, 
marital status, smoking, or the number of previous sponta- 
neous losses or induced abortions (143) (Table 7). 


Coffee and Caffeine 

Excessive caffeine intake has an established link to an increase 
in the risk of isolated spontaneous pregnancy loss of fetuses 
with normal karyotypes among nonsmokers (144). 


RECURRENT PREGNANCY LOSS 


Table 7 Alcohol Use and Age-Adjusted Relative Risk of 
Pregnancy Loss 


Average no. First-trimester Second-trimester 
of drinks loss rate loss rate 
<1/day 1.12 (ns) 1.03 (ns) 
1-2/day 1.15 (ns) 1.98 (p< 0.01) 
>3/day 1.15 (ns) 3.53 (p<0.01) 


Abbreviation: ns, non-significant p value. Source: Adapted from Ref. 143. 
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Table 8 Caffeine Intake and Risk of Pregnancy Loss 


Caffeine intake Pregnancy loss risk 


100-299 mg/d RR 1.3 (95% CI 0.9-1.8) 
300-499 mg/d RR 1.4 (95% CI 0.9-2) 
>500 mg/d RR 2.2 (95% CI 2.3-3.8) 
2375 mg/d Adjusted OR 2.21 


(95% CI 1.53—-3.18) (142) 
Abbreviations: RR, relative risk; OR, odds ratio. 


Table 9 Etiology-Specific Interventions for Patients with Recurrent Pregnancy Loss 


Disorder 


Anatomic 

Miillerian anomalies 
Intrauterine synechiae 
Asherman’s Syndrome 
Leiomyomata 

Endometrial polyps 

Genetic 

Parental balanced translocations 


Intervention 


e Hysteroscopic resection of septa, adhesions, submucosal fibroids, and polyps 
e Myomectomy for intramural and subserosal fibroids >5 cm 


e Genetic counseling 


e IVF with pre-implantation genetic diagnosis 
e Donor gametes 


Thrombophilic (heritable) 


e Combined thrombophilic defects—therapeutic anticoagulation 

e Isolated defect and no personal or strong family history of thrombotic 
complications—prophylactic anticoagulation 

e Hyperhomocysteinemia—supplemental folic acid (0.4-1.0 mg/day), vitamin Be 
(6 mg/day), and possibly vitamin B, (0.025 mg/day) 


Immunologic 
Antiphospholipid antibody syndrome 


e Low-dose aspirin plus prophylactic heparin in women without a history of a 


systemic autoimmune disease like SLE or a history of thrombosis 
e Full anticoagulation if history of thrombosis or systemic autoimmune disease 


Endocrine 

PCOS 

Hypothyroidism 

Luteal phase defect/unexplained 
Diabetes mellitus 

Other 

Environmental exposures 

All patients/unexplained 


e Metformin 

e Thyroid-hormone replacement 

e Progesterone supplementation 

e Appropriate management of diabetes, insulin if indicated 


e Limit exposures to maximize pregnancy outcomes (e.g., tobacco, alcohol, caffeine) 
e Progesterone supplementation 


e Daily aspirin (81-100 mg), if losses at greater than 13 weeks of gestation 


Abbreviations: IVF, in vitro fertilization; LMWH, low molecular-weight heparin; SLE, systemic lupus erythematosis; PCOS, polycystic ovarian syndrome. 


The half-life of caffeine is halved in smokers and is doubled in 
users of oral contraceptives. See Table 8 for the caffeine dose- 
related increases in the risk of spontaneous pregnancy loss. 


Irradiation 

The incidence of chromosomal anomalies among sponta- 
neously expelled ova is higher among couples in which either 
the female or the male was exposed to irradiation prior to 
conception (145). These data provide validity to the generally 
accepted recommendation that both partners avoid irradiation 
when attempting pregnancy. 


Environmental Toxins 

Anesthetic gases, tetrachloroethylene (a dry-cleaning chemi- 
cal), lead, mercury, and isotretinoin (Accutane) have all been 
associated with an increased rate of spontaneous pregnancy 
loss. Organic solvents have rarely been linked to sporadic loss. 


Unexplained 

Much research has been devoted to possible therapeutic 
options for couples with unexplained RPL. Two recent studies 
have evaluated the role of preimplantation genetic screening 
for couples with idiopathic RPL. They have yielded conflicting 
results. Munne et al. studied 58 couples with unexplained RPL 
among whom the female partner was 35 years of age and older. 
The authors performed PGS for chromosomes X, Y, 13, 15, 16, 
17, 18, 21, and 22 and transferred up to four embryos (euploid 
for these particular chromosomes). The subsequent miscar- 
riage rate after identification of a gestational sac was 15.7%, 
which was lower than expected. They also found the “take- 
home” baby rate per retrieval to be 36% (146). Work by 
Platteau and colleagues (147) included 49 women with 
idiopathic RPL in a prospective cohort study. Their embryos 
were tested for abnormalities in chromosomes X, Y, 13, 16, 18, 
21, and 22. For women less than age 37, the pregnancy rate per 
cycle initiated was 23%, whereas for women at or beyond 
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37 years of age, the rate dropped drastically to 3%, with 44% 
and 67% aneuploidy rates, respectively. Like Shahine and 
colleagues (38), these researchers concluded that no ther- 
apeutic evidence currently exists to support the use of in vitro 
fertilization with or without PGS for idiopathic RPL patients. 
Oocyte donation may be effective (148). Randomized con- 
trolled trials are needed. 

Other studies have supported or refuted the benefit of 
various other treatment options. In considering the follow- 
ing, keep in mind that a meta-analysis from 1995 (149) 
concluded that 60% to 70% of unexplained RPL couples will 
have success with the next pregnancy in the absence of 
intervention; this provides both a frame of reference for 
evaluation of treatment success and an encouraging fact with 
which to counsel patients. After negative testing with 
karyotyping, HSG or hysteroscopy, and antiphospholipid 
antibodies for second-trimester losses, patients with recur- 
rent loss beyond 13 weeks had an improved live-birth rate 
with daily low-dose aspirin (OR 1.88; 95% CI 1.04-3.37) (150). 
Providing supportive care to idiopathic first-trimester RPL 
couples is perhaps one of the best interventions, leading to a 
live-birth rate near 75% (vs. 50% of those not attending an 
early pregnancy clinic; p = 0.002) (4). Appropriately timed 
intercourse may also improve outcomes as intercourse remote 
from ovulation has been associated with an increase sponta- 
neous loss rate due to chromosomal anomalies (145,151). 
Requiring bed rest for RPL patients during pregnancy is not 
supported by evidence (RR 1.54, 95% CI 0.92-2.58), although 
bed rest alone did perform better when compared with 
supplemental hCG without bed rest in a Cochrane review 
(RR 2.5, 95% CI 1.22-5.11) (152). An additional Cochrane 
review has been performed to evaluate the utility of hCG 
administration to treat women with a history of unexplained 
RPL. Randomized trials comparing the use of hCG in early 
pregnancy versus placebo or no treatment for women with two 
or more miscarriages (n = 180) showed a decreased risk of 
pregnancy loss among hCG-treated patients (OR 0.26, 95% CI 
0.14—0.52) (153). Readers are encouraged by the authors of this 
study to interpret the data cautiously due to a large influence on 
the data by the two weakest studies. These authors therefore 
conclude that “there is not enough evidence to evaluate the use 
of hCG during pregnancy to prevent miscarriage” in patients 
with unexplained RPL (153). 

It has been shown in meta-analyses that treatment of 
unexplained RPL with progesterone supplementation is useful 
(see above). We recommend the use of vaginal progesterone, 
typically 100 mg twice daily, starting 3 days after ovulation 
during cycles in which the couple is attempting conception. 
Progesterone supplementation is thought to have implications 
in treating both immune and luteal phase aberrancies though 
specific mechanisms are unclear. 


POSTCONCEPTION EVALUATION 

Close monitoring of subsequent pregnancies leads to an 
increased pregnancy success rate among patients with a history 
of RPL (154). These couples are prone to heightened senses of 
anger, depression, anxiety, and even psychoses. Careful 
evaluation for signs and symptoms of these disorders is 
warranted. The availability of counseling services, with or 
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without the use of support groups and/or a reproductive 
psychiatrist, is strongly encouraged. 


SUMMARY 
The assessment and management of patients with RPL 
continue to be somewhat controversial and both are likely to 
remain so. The disorder itself is multifactorial and the baseline 
rate of isolated pregnancy losses secondary to spontaneous 
fetal aneuploidy is high. The prognosis for most patients, even 
in the absence of a defined etiology, is remarkably good, 
making assessment of the utility of a given diagnostic test or 
intervention difficult in the absence of very large trials. 
Evidence does exist for etiologies that should be excluded 
and effective treatment regimes for most diagnosed etiologies 
are available. After a thorough evaluation, if the resulting 
diagnosis is unexplained RPL, interventions such as proges- 
terone supplementation, aspirin therapy (in selected patients), 
conception timing, and close clinical follow-up during early 
pregnancy have merit. Table 2 lists our recommendations for 
useful diagnostic testing in patients with a history of RPL. 
Table 9 lists etiology-specific interventions. 
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5 Multiple gestation 
Isaac Blickstein 


INTRODUCTION 

The human female is clearly programmed to ovulate a single 
oocyte, to carry a singleton fetus, and to nurse one neonate at a 
time. Consequently, multiple pregnancies overwhelm the 
uterine (maternal) capacity to adequately nurture the fetuses 
as animal and human models have repeatedly confirmed the 
inverse relationship between birth weight and gestational age 
at delivery and litter size. This natural sequence is relatively 
rare (about 1 twin pair per 80—100 births) and is extremely rare 
in the case of high-order multiple pregnancies. 

The infrequency of high-order multiple gestations might 
be understood from the quasi-mathematical relationship, 
known as the Hellin-Zellany rule for twins, triplets, and 
quadruplets (1). This rule states that if the frequency of twins 
in a given population is 1/N, then the frequency of triplets 
will be 1/N? and that of quadruplets 1/N’. The Hellin-Zellany 
relationship appears quite accurate as long as the population 
remained homogeneous and enjoyed natural procreation. 
However, deviations from the rule were observed already in 
the thirties of the 20th century mainly because of racial 
differences in the frequency of dizygotic (DZ) twinning. A 
second, and much more dramatic deviation from the Hellin- 
Zellany relationship, occurred during the emergence of 
effective treatment of infertility. Indeed, within a very small 
fraction in human history, the natural order of multiples has 
been profoundly changed. Physician-made (i.e., iatrogenic) 
multiple gestations are now seen in most developed countries 
with frequencies approaching 50% of twins and more than 
75% of high-order sets. 

Iatrogenic multiple gestations, the major contributors to the 
epidemic of multiple pregnancies, did not arise ex vacuo. 
Women nowadays are able to rely on efficient modern fertility 
treatment when deciding on postponing childbirth. Advanced 
maternal age, by itself an established risk for natural multiples, 
is thus a significant risk factor for age-related reduced 
fecundity and for the increased need for fertility treatment. 
It appears that social trends act in concert with available 
assisted procreation techniques to increase the risk of multiple 
pregnancy. Consequently, all developed countries exhibited a 
dramatic increase in multiple births. For example, the ratio of 
induced to spontaneous twins in the East Flanders (Belgium) 
over the last two decades changed dramatically from 1:46 into 
1 in every 2-3 twin pairs (1). This population-based trend 
might be even more accentuated in hospital-based data. 

Data from England and Wales and the United States 
demonstrate decreasing rates of higher order multiple births 
and represent a striking and optimistic change in trend when 
compared with the previous steep fourfold increase since the 
early 1980s (2). At the same time, however, the incidence of 
other and by far more frequent multiples—twins—continued 
to escalate on both sides of the Atlantic Ocean. Regardless of 


the probable reasons for this change (2), twins are predictably 
associated with significantly increased likelihood of perinatal 
morbidity and mortality and, therefore, the implications of 
the ever-increasing multiple birth rates is a major public 
health issue. For example, the contribution of infertility 
treatment can be appreciated from as yet unpublished data of 
the Israel Neonatal Network on very low-birth weight 
(VLBW) infants (<1500g). The data indicate that roughly 
one-third of all VLBW infants are from multiple pregnancies, 
three-fourth of which are iatrogenic multiples (ie., about 
one-fourth of all VLBW infants are iatrogenic multiples). 
Interestingly, the proportion of iatrogenic twins conceived by 
assisted reproductive technology (ART) to those conceived by 
ovulation induction increased over the period 1996-2005, but 
at the same time, this proportion decreased for iatrogenic 
triplets. 


BIOLOGY 

Most human conceptions (>99.2%) result from a single zygote 
[i.e., monozygotic (MZ)] following the fertilization of a single 
egg by a single spermatozoon. In the remaining cases, more 
than one egg is ovulated and fertilized, resulting in polyzygotic 
conceptions [DZ, trizygotic, etc.]. The polyzygotic conception 
occurs more often in taller, older, parous, heavier, and black 
women, pointing to a genetic predisposition. However, the 
exact mechanism whereby the ovary is naturally stimulated to 
release more than one egg per cycle is basically unknown. By 
contrast, all infertility treatments are associated with ovarian 
stimulation, multiple ripe ovarian follicles, polyovulation, and 
multiple conceptions. 

The vast majority of MZ conceptions result in singleton 
birth. In only a small fraction of the cases (0.4% of all natural 
conceptions), the zygote splits to form an MZ twin gestation. 
Available hypotheses proposed to explain the mechanism of 
zygotic splitting fail to explain why MZ twins are more 
prevalent after all methods of assisted reproduction (3) and 
which structure is likely to control this phenomenon. It was 
hypothesized (4) that a small proportion of oocytes might 
have an inborn propensity to undergo splitting upon 
fertilization leading to the constant prevalence of sponta- 
neous MZ twins among different populations. Ovarian 
stimulation—the common denominator of all infertility 
treatments—would then predictably increase the number of 
available splitting-prone oocytes and as a result would 
increase the chance for such oocytes to develop upon 
fertilization into MZ twins. An intact zona pellucida seems 
to be required to control embryonic division into two distinct 
cell lines and to prevent ill-timed hatching. Human fertilized 
oocytes are able to undergo binary fissions, just as in the 
nine-banded armadillo (the only other mammal that 
produces MZ quadruplets), and to produce a variety of 
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Figure 1 Quadrochorionic quadruplets. This first-trimester scan demonstrates 
the thick inter-twin membranes (several lambda signs). 


combinations of MZ pregnancies. Importantly, this hypoth- 
esis does not negate previous genetically sound hypotheses, 
but places them into a broader perspective in light of 
observations from modern infertility treatment (4). 

The increased frequencies of iatrogenic multiples changed 
the proportion of DZ and MZ twinning. In a population 
comprising mainly spontaneous gestations, the usual quoted 
frequency of MZ twinning is about one-third of the twin 
population, whereas in a population comprising a large 
proportion of iatrogenic conceptions, the expected MZ rate 
is 1 in 10 to 14 twin gestations. 


ZYGOSITY, CHORIONICITY, AND PLACENTATION 

DZ twins have two placentas (separate or fused), each with its 
chorion and amnion, forming the so-called dichorionic (DC) 
placenta. The inter-twin membrane comprises four layers (one 
chorion and one amnion from each twin) and usually appears 
as a thick septum during the optimal time of sonographic 
diagnosis at 11 to 14 weeks of gestation (Fig. 1). However, the 
triangle of decidual tissue between the reflections of the 
membranes, known as the “lambda” sign, is more easily 
identified and is pathognomonic of poly-chorionicity (Fig. 1). 
After birth, a DC placenta is confirmed by simply counting the 
placental discs and/or the number of layers in the inter-twin 
membrane. 

MZ placentation, however, is presumably depended on the 
stage of embryonic development at which the split occurs. 
Early splits (about one-third) would result in DC placentas, 
whereas later splits result in monochorionic (MC) placentas. 
Moreover, if the amnion has not yet differentiated, the MC 
placenta includes two amniotic sacs: the MC-diamniotic 
placenta (about two-thirds of the cases). If the split occurs 
after differentiation of the amnion (ie., >8 days after 
fertilization), an MC-monoamniotic placenta develops. Finally, 
even later splits are believed to result in all varieties of 
conjoined twins. 

The sonographic diagnosis of an MC placenta is usually 
initiated by the absence of sonographic signs of DC 
placentation. In such a case, one should look for the tau sign, 
i.e., reflection of a thin inter-twin membrane (Fig. 2). If a first- 
trimester sonographic diagnosis is not available, a subsequent 
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Figure 2 Monochorionic twins. At this stage, the twins are very close to each 
other and an inter-twin membrane is not visualized. 


scan might become less accurate, but a methodical assessment 
of chorionicity is nevertheless required. 

The early diagnosis of chorionicity does not require high- 
tech imaging and is of utmost clinical importance. At times, 
however, complex cases of high-order multiples and/or ill- 
defined chorionicity-amnionicity arrangements might be a 
diagnostic challenge. 

A distinction should always be made between zygosity 
and chorionicity. Because MZ twins with a DC placenta 
cannot be differentiated clinically from same-sex DZ twins 
(half of all DZ pairs) who also have a DC placenta, zygosity can 
be determined with certainty only in the DC-unlike-sex twins 
(all must be DZ twins) and in twins with an MC placenta 
(all must be MZ pairs). Simple calculation reveals that we 
are blind to zygosity in about 45% of the cases, and zygosity 
determination must be performed by DNA testing. Impor- 
tantly, nothing should be said about zygosity to parents of 
same-sex twins with a DC placenta. 


THE FIRST-TRIMESTER SONOGRAPHY 

As suggested in Figures 1 and 2, a “window of opportunity” 
exists between 10 and 14 weeks for the best sonographic 
assessment of chorionicity. Admittedly, not all first-trimester 
pregnancies are scanned and therefore early losses of one or 
more embryos of a multiple pregnancy are missed (the 
so-called vanishing twin syndrome, VTS) and the true 
incidence of multiples is thus underestimated. The first- 
trimester scan should count the number of gestational sacs, the 
number of embryos, and the chorionic and amniotic 
arrangements. Ideally, the relative position of each embryo 
should be noted in a general “map” of the pregnancy, 
designating each embryo/fetus as being right/left, upper/lower, 
etc. Such “mapping” seems useful to provide and enhance 
some form of in utero individualized follow-up of the 
multiples. 

Although each member of the multiple gestations has the 
same maternal-age-dependent risk for chromosomal anoma- 
lies, pure probability calculations show that the risk for a 
mother that one of her twins will have trisomy 21 is greater 
than that of a mother of a singleton. Roughly, this risk is 
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increased by 5/3, thus a 32-year-old mother of twins has the 
same risk of one infant with trisomy 21 as a 35-year-old 
mother of a singleton (5-7). 

Because multiples are more commonly seen in older 
mothers (5) and invasive cytogenetic procedures (amniocent- 
esis or chorionic villus sampling) carry a greater risk of 
pregnancy loss when performed in multiples, there is a 
genuine utility to noninvasive screening of aneuploidy to 
minimize the need for invasive procedures in these premium 
pregnancies (7). Regrettably, screening tests like the triple test 
[second-trimester maternal serum human chorionic gonado- 
tropin (hCG) or free beta-hCG, alpha-fetoprotein, and 
unconjugated estriol] have a significantly lower predictivity 
for trisomy 21 in multiples compared with singletons (7). 
Thus, sonographic screening by measuring nuchal translu- 
cency (NT) thickness in each fetus should be offered to women 
who require genetic counseling. Flow in the ductus venosus 
(DV) might be measured to reduce the false-positive rate 
associated with NT measurement. 


MATERNAL CONSEQUENCES 

The changes in women’s role in Western societies witnessed 
after World War II were facilitated by effective contraception, 
allowing ample time to achieve education and a career. This, in 
turn, resulted in increased maternal age at first delivery. 
Regrettably, age and fecundity are inversely related and 
infertility treatment to achieve a pregnancy often becomes 
inevitable for the older woman. Because all infertility 
treatments carry an increased risk of multiple gestations, the 
end result of these socio-medical trends is an increased age of 
the cohort of mothers of multiples. U.S. data clearly show that 
the increase in maternal age is more marked in high-order 
multiple pregnancies than in twins and in twins than in 
singletons, with a net result of multiples being more often 
delivered to older mothers in whom chronic disease condi- 
tions have already accumulated (5). 

It goes without saying that a multiple pregnancy over- 
whelms the maternal homeostasis. Considering that the 
average fetus has a similar birth weight until 28 weeks (around 
1000 g) irrespective of plurality, it appears that by 28 weeks, 
the mother of twins and the mother of triplets has 
accumulated twice and three times the fetal mass of singletons, 
respectively. This excess of fetal mass comes from either 
existing maternal resources or from supplemental energy that 
must be added throughout early gestation. It is also clear why 
all maternal systems are overwhelmed and some may be only a 
step away from clinical insufficiency in the advanced multiple 
pregnancy. 

The overwhelmed maternal homeostasis is vividly demon- 
strated by the increased frequency of clinically significant 
anemia as a result of either depleted maternal iron stores or 
inadequate iron supplementation. Also the increased cardiac 
output has been estimated to increase in certain clinical 
situations to as much as two to three times the normal value. It 
is therefore understandable why cardiac function so easily 
turns into dysfunction when additional load, such as beta- 
sympathomimetic tocolysis, fever, premature contractions, 
and so on, is created. 

Regardless of the inherent changes in maternal physiology 
due to the multiple pregnancy, some maternal disease 
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conditions are more frequent in multiple gestations. The best 
example is the two to three times increased incidence of 
hypertensive disorders (8,9) and their most dangerous 
complication—eclampsia—is six times more frequent among 
mothers of multiple gestations (10). Moreover, pre-eclampsia 
occurs earlier in multiples than in singletons and often occurs 
in a more severe form. It appears that a plurality-dependent 
risk of pre-eclampsia exists. For example, with the current 
epidemic dimensions of multiple gestations, it has been 
shown that the risk of hypertensive disorders in triplets is 
higher than that in twins, and the risk in twins is higher than 
that in singletons (8). In addition, numerous reports exist on 
the resolution of severe pre-eclampsia following intrauterine 
demise of a twin. Interestingly, the reason for the increased 
risk of hypertensive disorders among multiples is still 
unclear, but data seem to support an association with the 
increased placental mass, that is, hyperplacentosis (8,11). At 
this point it is important to mention that several rare but 
potentially pre-eclampsia-related conditions such as acute 
fatty liver of pregnancy are also more frequent in multiple 
gestations and seem to demonstrate the plurality-dependent 
risk pattern. 

The other hyperplacentosis-related condition—gestational 
diabetes—seems also to be increased among mothers of 
multiples. Critical reading of the literature suggests that most 
stimulation tests to detect glucose intolerance of various 
degrees showed a diabetogenic effect of multiple gestations, 
whereas demographic analyses failed to show increased rates of 
gestational diabetes (12). 

However, the latter studies were conducted in the era before 
the epidemic of iatrogenic multiples and before the effect of 
older maternal age could be documented (12). It is also 
possible that in the multiple gestations, an equilibrium is 
created between the increased glucose levels produced by 
hyperplacentosis and the glucose pumping effect created by 
the growing mass of the multiples. It has been shown that the 
risk of gestational diabetes is also plurality dependent, as is the 
case for hypertensive disorders (13). 

All mothers of multiples are at considerably greater risk of 
preterm labor and delivery. Quite often, preterm contractions 
with or without cervical changes necessitate tocolytic treat- 
ment. Many prophylactic measures, including progesterone, 
cervical sutures (cerclage), beta-sympathomimetics, bed rest, 
and hospitalization, were proposed to reduce the preterm birth 
rates, but failed to demonstrate a significant reduction of this 
common complication of multiple pregnancy. Nevertheless, 
expecting mothers of multiples are frequently asked to leave 
work and to conduct a more sedentary lifestyle. Two 
promising prophylactic measures are at an empirical stage: 
early maternal weight gain (14,15) and further studies on 
progesterone derivatives (16). The former approach is based 
on the contention that multiple pregnancy is a state of 
magnified nutritional requirements (14). An adequate amount 
and pattern of gestational weight gain, including BMI-specific 
weight gain goals by 20 and 28 weeks of gestation, as well as 
other nutritional interventions, has been associated with 
significantly better fetal growth and longer gestations in twin 
pregnancies (14). In this context, it is unknown how many of 
normal or overweight woman will turn obese at the end of 
pregnancy and remain obese thereafter, and if the beneficial 
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effect of weight gain is equally important in women with high- 
compared with low pre-gravid BMI (15). 

Although the results of earlier trials were disappointing (16), 
many randomized controlled trials are currently ongoing to 
find the usefulness of progesterone and progestogens as 
prophylactic measures against preterm birth in multiples. This 
interest seems to suggest that many researchers believe that 
progesterone might have an effect on multiples as it has on 
singletons, but the best derivative, route of administration, and 
dose are still unknown. 

Table 1 lists the most common maternal complications 
during multiple gestations (17). 


FETAL NEONATAL CONSEQUENCES 

All animals, including the Homo sapiens, demonstrate an 
inverse relationship between litter size and both gestational age 
and birth weight. In the human, the average gestational age at 


Table 1 Maternal Complications More Frequently Seen in 
Multiple Pregnancies 


Hypertensive diseases 

° Pre-eclamptic toxemia 

* HELLP syndrome 

* Acute fatty liver 

+ Pregnancy-induced hypertension 
* Chronic hypertension 

+ Eclampsia 

Anemia 

Gestational diabetes mellitus (?) 
Premature contractions and labor 

* Complications associated with tocolysis 
Delivery-associated complications 

e Cesarean section 

* Operative delivery 

+ Premature rupture of membranes 
* Postpartum endometritis 

+ Placental abruption 


Abbreviation. HELLP, hemolysis, elevated liver enzymes, low platelets. 


Table 2 Categories of Structural Defects in Twins 


Defect 


Neural tube defects 
Hydrocephaly 

Congenital heart disease 
Esophageal and anorectal atresias 
Intersex 

Genitourinary tract anomalies 
Amniotic band syndrome 

TRAP sequence 

Conjoined twins 

Twin embolization syndrome 
Single umbilical artery 
Twin-—twin transfusion syndrome 
Velamentous cord insertion 
Skeletal (postural) abnormalities 


Category 


Malformations more 
common in twins than 
in singletons 


Malformations unique to 
monozygotic twins 


Placental malformations 


Deformations due to 
intrauterine crowding 


Abbreviation: TRAP, twin reverse arterial perfusion. Source: Adapted from 
Ref. 18. 
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birth is around 40 weeks for singletons, 36 weeks for twins, 32 
weeks for triplets, and 29 weeks for quadruplets. Although 
multiple pregnancies exhibit many specific complications, the 
consequences of prematurity are by far the most common and 
are the most important public health concern. 


Malformations 

It is customary to cite a two- to threefold increased risk of 
malformations among multiples. Arguments against this view 
suggest that twins are more closely examined and therefore a 
selection bias exists when describing malformations in a twin 
population. Regardless, the increased risk seems to be 
primarily related to MZ twinning whereas the malformation 
rates of DZs are similar to that of singletons (18). The higher 
malformation rate among MZs is hypothetically related to a 
common teratogen: the one that causes the split of the zygote is 
also responsible for the malformation. 

Malformations among multiples are commonly grouped 
into four types (Table 2) (18). The first includes malforma- 
tions that are more frequent among multiples, in particularly 
those affecting the central nervous and cardiovascular systems. 
The second type involves malformations related to MZ 
twinning such as twin reverse arterial perfusion (TRAP) 
sequence and the various forms of conjoined twins. The third 
type relates to consequences of placental malformations, in 
particular the MC placenta, resulting in twin—-twin transfusion 
syndrome (TTTS) and/or selective severe discordance. Finally, 
the fourth type involves skeletal (postural) deformities such as 
clubfoot and dolichocephaly that are caused by intrauterine 
fetal crowding. 

Certain malformations might have a major impact on the 
normal co-twin. For instance, in the TRAP sequence, the 
circulation of the severely anomalous acardiac—acephalic twin 
is entirely supported by the normal (pump) twin. Sooner or 
later, this cardiac overload will lead to cardiac insufficiency. 
Similarly, both twins in the TTTS are completely normal but 
the anomalous transplacental shunt of blood might cause 
serious morbidity in both twins. The most striking example is 
the case of single fetal demise in MC twins, whereby the 
surviving fetus frequently dies or becomes seriously damaged 
in utero soon after the death of the first twin. 

Most structural anomalies can be detected by a compre- 
hensive sonographic scan aided by echocardiography and 
Doppler velocimetry. Once a serious anomaly is detected, the 
patient might be counseled and offered selective reduction of 
the anomalous twin. In multichorionic multiples, selective 
reduction is accomplished by ultrasound-guided intracardiac 
injection of potassium chloride. However, because of the risk 
to the survivor in MC sets, highly invasive procedures 
(selective cord occlusion) are used to interrupt the umbilical 
circulation of the anomalous twin. When indicated and 
permitted, selective termination of an anomalous twin in an 
MC set is best accomplished by bipolar cord occlusion. At 
times, the umbilical cord of the twin affected by the TRAP 
sequence is too edematous and an intrafetal radiofrequency 
technique might be used. 

Because of the increased frequency of fetal malformations, 
all MC twins, and ideally all twins, should undergo a detailed 
anatomical scan at 18 to 22 weeks of gestation. If the cardiac 
assessment shows a normal “four-chamber” view and outflow 
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tract, it is believed that an anatomical echocardiography seems 
unnecessary. 

All invasive procedures in multiple pregnancies (amnio- 
centesis, chorionic villus sampling, and the reduction 
methods) are associated with the risk of 5% to 10% of 
membrane rupture and loss of the entire pregnancy. When an 
invasive procedure is considered during the second trimester, 
the risk of extremely preterm birth of the normal twin is 
apparent. Thus when one twin has a lethal anomaly such as 
anencephaly, the risk of reducing this twin should be weighed 
against the risk of endangering the normal fetus by preterm 
birth. Conversely, the risk of preterm delivery because of a 
large polyhydramnios surrounding an anomalous twin might 
be reduced after selective reduction. 


Embryonic and Fetal Demise 

From the early days of ultrasound, it was apparent that there 
are more twin pregnancies than twin deliveries. The early loss 
of one twin, the VTS, is considered by many as the natural 
equivalent of intentional multifetal pregnancy (numerical) 
reduction (MFPR). Obviously, the true frequency of VTS is 
unknown, as many twin pregnancies are unnoticed unless 
first-trimester sonography is performed (19). One estimate of 
VTS frequency comes from iatrogenic conceptions. Sponta- 
neous reduction of one or more gestational sacs or embryos 
occurred before the 12th week of gestation in 36% of twin, 
53% of triplet, and 65% of quadruplet pregnancies (20). 
Dickey also pointed out that spontaneous reduction of 
multiple gestational sacs occurs less frequently in iatrogenic 
pregnancies compared with spontaneously conceived multi- 
ples (21). La Sala and his co-workers (22) as well as Matias 
and her associates (23) demonstrate that loss rates of twin 
pregnancies after assisted reproduction have a two to five 
times lower miscarriage rate of the entire pregnancy 
compared with singletons. The source of this advantage of 
ART twins is unknown. Importantly, Pinborg et al. found 
that 1 in 10 in vitro fertilization (IVF) singletons originates 
from a twin gestation and is one reason for the higher risk of 
adverse obstetric outcome in IVF singletons (24). 

Single fetal death beyond the first trimester is also said to 
be more common in multiples. In DC twins, it is believed that 
the risk to the surviving twin is extremely low and present only 
when an external insult such as maternal disease is the cause 
of death. By contrast, fetal death in MC twins is entirely 
different. In the past, some ill-defined thromboplastin- 
like material was assumed to be transfused from the dead 
to the live fetus—leading to the so-called twin embolization 
syndrome. The theory was that these emboli might either 
cause fetal death or result in end-organ damage, such as brain 
and kidney lesions. In the early 1990s, and following 
painstaking postmortem examinations of brains of survivors 
of the twin embolization syndrome, the embolic theory was 
abandoned because no emboli were found and the lesions were 
rather ischemic in nature. 

The embolic theory was soon replaced by the ischemic 
theory, which postulates that blood is acutely shunted from the 
live twin to the low-resistance circulation of the demised fetus, 
causing acute hypovolemia, ischemia, and end-organ damage 
in the survivor. A meta-analysis found that 12% of the co- 
twins die very soon after death of a twin, 18% survive but with 
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a significant damage, and 70% enjoy an intact survival (25). 
Death of a co-twin in an MC pair is rarely noticed in real time. 
However, when singe fetal death is a recent event 
(e.g., after laser photocoagulation), the peak systolic velocity 
of the middle cerebral artery (PSV-MCA) might demonstrate 
acute fetal anemia (associated with other signs of fetal anemia). 
In such a case, prompt delivery is a valid option when 
gestational age permits. Alternatively, percutaneous umbilical 
cord (rescue) blood transfusion can be offered. However, it is 
unknown whether rescue transfusion actually decreases brain 
damage because not enough evidence exists to suggest 
improving outcomes after such procedures. When the timing 
of fetal death is unknown, as is more often the case, the 
diagnosis of single fetal death is made some time after the 
event. Data indicate that acute blood loss probably occurs just 
before the time of death of the surviving twin, and therefore it 
is unlikely that immediate delivery of the surviving twin could 
decrease the associated high mortality and morbidity rates 
associated with severe premature birth (26). It is therefore 
prudent to suggest conservative management in such cases, 
especially remote from term, and to use ultrasound and 
magnetic resonance imaging (MRI) to exclude brain lesions. 
The latter is ideally performed after the end of neuromigration 
at 30 to 32 weeks, unless diffusion weighted MRI, where 
available, might demonstrate white matter lesions earlier after 
the event. 


Twin-Twin Transfusion 

One of the most interesting consequences of MC twinning is 
the TTTS. TTTS is seen mainly (or only) in the diamniotic 
variety. The extensive literature on TTTS may lead to the 
erroneous impression that the syndrome is very frequent. In 
fact, TTTS occurs in about 10% of MC twins, and about half 
are of mild severity. Nonetheless, early onset (before 20 weeks 
of gestation) severe TITS, unless intensively treated, is 
associated with 100% mortality of both twins. 

It is a transplacental arteriovenous anastomosis that enables 
blood shunting from one twin (the donor) to the other (the 
recipient).Since all MC placentas have inert-twin anastomoses, 
the syndrome probably occurs because of fewer compensating 
veno-venous and arterio-arterial connections. The hypovole- 
mia of the donor is manifested by poor micturition (absent 
bladder and oligohydramnios on sonographic scan). Con- 
versely, the hypervolemic recipient is surrounded by poly- 
hydramnios and manifests signs of cardiac overload ranging 
from tricuspid regurgitation to cardiac insufficiency and 
hydrops fetalis (27). 

TTTS should be excluded on each antenatal visit of an MC 
pregnancy by demonstrating adequate amount of amniotic 
fluid. By definition, the first sign of TTTS is the twin oligo- 
polyhydramnios sequence (TOPS) corresponding to combi- 
nation of largest pocket >8 cm and <2 cm in the respective sacs 
before 20 weeks and >10 cm and <2 cm after 20 weeks. TOPS 
in MC twins is defined a Quintero’s stage I and should initiate 
a series of targeted sonographic evaluations, including Doppler 
velocimetry of the umbilical artery, DV, and middle cerebral 
artery (MCA-PSV). 

In general, TTTS means serious morbidity, but the specific 
outcome is related to the gestational age when TTTS developed 
and to the severity of the syndrome. Quintero’s stages are 
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useful in comparing management of TTTS. At present, 
selective laser photocoagulation of the inter-twin anastomoses 
is the preferable treatment modality and should be performed 
in TTTS occurring between 16 and 28 weeks of gestation. A 
decision of “no treatment” after 28 weeks would thus 
invariably lead to very preterm delivery of affected twins and 
it seems just logical that preterm delivery of treated TTTS 
might be better than delivering an untreated pair with TTTS. 
However, laser interventions after 28 weeks are still at an 
investigational stage. Selective laser photocoagulation, when 
available, is indicated in Quintero’s stage II (invisible urinary 
bladder), stage HI (pathologic umbilical artery Doppler 
values), and stage IV (hydrops fetalis). Selective laser photo- 
coagulation might also be indicated in “symptomatic” stage I 
(TOPS, with uterine contractions and/or short cervix). 
Alternatively, Quintero’s stage I might be followed very 
closely, because a proportion of stage I cases do not progress 
and remain asymptomatic. Induction of labor is reasonable in 
cases with Quintero’s stage V and a double fetal death, whereas 
follow-up of the survivor seems appropriate after a single fetal 
demise. 

Cervical length before selective laser photocoagulation bears 
a negative correlation with outcome following the procedure 
and should be considered during preoperative counseling. 

Amnioreduction (amniodrainage), that is, removal of a 
large quantity of amniotic fluid, was used to treat sympto- 
matic mothers suffering from respiratory problems related to 
TOPS. The best technique regarding how fast should the 
amniotic fluid be drained, how much fluid should be 
removed, and how frequent should the technique be repeated 
is not established. 

Since it is currently unknown how amnioreduction works, 
many hold that this procedure should be reserved to 
symptomatic patients only and for indications such as refusal 
or when laser photocoagulation is not available, when laser 
photocoagulation is contraindicated or technically difficult to 
perform, or after 28 weeks of gestation in order to buy time to 
increase gestational age. Amnioreduction might impede laser 
photocoagulation thus decreasing success rates and should not 
be performed as an interval procedure. Other treatment 
methods such as creating a hole in the inter-twin septum 
(septostomy) are not indicated for the treatment of TTTS. 


Discordance in MC Twins 
In the classic definition of TTTS (28), the twins are supposed 
to be discordant in size (at least 20-25%) and in hemoglobin 
levels (at least 5 g/dL). This concept changed over time, and at 
present, neither hemoglobin difference nor size discordance is 
part of the definition of TTTS. At times, however, a difference 
in hemoglobin is present—the so-called twin anemia- 
polycythemia sequence. The anemic twin can manifest all 
signs of anemia, especially by measuring the MCA-PSV. At 
birth, the donor is usually pale and anemic, whereas the 
recipient is polycythemic. The donor twin might be acutely 
distressed, with severe anemia and hypovolemic shock 
necessitating transfusion or exchange of blood products, or 
both. The recipient occasionally requires partial dilution 
exchange and support for cardiac failure. 

Size discordance, however, seems to develop more slowly. 
When a significant size disparity exists, the smaller twin is at 
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risk of intrauterine death. At present, follow-up with serial 
Doppler velocimetry of the umbilical artery is indicated. Three 
patterns are recognized: type I, normal (positive diastolic) 
Doppler flow; type II, absent/reversed-end diastolic flow; and 
type III, intermittent absent/reversed-end diastolic flow—in 
the same or in the subsequent sessions (29,30). Deterioration 
of the growth-restricted fetus occurred in 90% of type II cases, 
significantly higher compared with 0% and 10.8% of types I 
and III, respectively.. Unexpected intrauterine fetal death of 
the smaller twin occurred in 15.4% of type III cases, 
significantly higher compared with 2.6% and 0% of types I 
and II respectively. And finally, parenchymal brain lesions in 
the larger twin were observed in 19.7% of type III cases and 
significantly less than 5% in the other groups (30). 


Fetal Growth 

As noted earlier, multiples grow in utero to the same extent as 
singletons until about 28 weeks. Thereafter, during the third 
trimester, a decelerating trend of the growth curves of 
multiples is clearly seen. Not surprisingly, the limited uterine 
capacity to nurture multiples leads to growth aberrations (31). 
The higher risk of delivering low—birth weight (LBW) infants 
in a multiple birth is well known, as is the advantage for the 
multiparous patient. For instance, analysis of population- 
based data related to 12,567 live-born twin pairs found that, 
overall, the risk of having at least one very LBW (VLBW, 
<1500 g) infant was 1:5 among nulliparous women and 1:12 
among multiparous women. The risk of having two VLBW 
twins among nulliparas (1:11) was double that of multiparas 
(1:22) (32). A similar trend and similar frequencies, but for 
extremely LBW (<1000 g) babies, were found in the analysis of 
triplets (33). 

The most common growth aberration in multiples is birth 
weight discordance, defined as a difference between the larger 
and the smaller infant of a multiple pregnancy set. In fact, it is 
quite rare to find that all members of the set have the same 
birth weight, and it is quite normal to find some variation 
between siblings. Discordance is usually defined by the percent 
difference, whereby the birth weight disparity is calculated as a 
percentage of the larger infant. However, this definition does 
not refer to the actual size of the twins, and the same degree of 
discordance (e.g., 20%) can be found in a twin pair weighing 
1500 and 1200 g as well as in a pair weighing 3000 and 2400 g. 
The cumulative frequency (34) suggests that about 75% of 
twins exhibit less than 15% discordance, about 20% are 15% 
to 25% discordant, and about 5% are more than 25% 
discordant. 

Birth weight discordance is even more complex in triplets. 
In a new approach, in which the relative birth weight of the 
middle triplet was defined, the set was considered symmetrical, 
low, or high skew (35). The frequencies of different types of 
triplet discordance (average values: 57%, 30%, and 13%, 
respectively) did not change with gestational age, suggesting 
three distinct types of discordant growth in triplets that are 
independent of gestational age (35). 

Several important related issues should be considered. First, 
it has been determined that at lower levels of discordance, 
either twin can be the smaller but the likelihood of the second- 
born twin being the smaller increases with increasing 
discordance levels (36). At discordance levels greater than 
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25%, the smaller twin was three to six times more often the 
second born (36). Data also suggest that there are three levels 
of discordance whereby in the lowest levels (probably at less 
than 25%), discordance seems to be related to the normal 
variation expected from the natural dissimilarities between 
siblings whereas in the highest level (probably greater than 
35%), discordance seems to be related to the exhausted uterine 
environment and reflects growth restriction (37). Conse- 
quently, observation or intervention is indicated for the lowest 
and highest degrees of discordance, respectively. 

Mortality is 11 times higher among highly discordant smaller 
twins (>30%) compared with nondiscordant smaller twins. 
Risk estimates ranged from 1.1 among 15% to 19% discordant 
twins to 2.0 among highly discordant twins. After accounting 
for the association between fetal growth and discordance, 
mortality risk was substantially higher among smaller and 
larger twins who were highly discordant (30% or more) (38). 
After controlling for fetal growth, smaller and larger twins 
affected by higher levels of birth weight discordance (>25%) 
remain at disproportionate risk for neonatal mortality (38). 
Finally, when neonatal mortality rates were compared among 
three groups of discordant twins (>25%), distinguished by the 
birth weight of the smaller twin being in the lowest 10th 
percentile [i.e., small for gestational age (SGA), 62.4%], in the 
10th to 50th percentile (32.9%), or above the 50th percentile 
(4.7%), the rate was significantly higher among pairs in which 
the smaller win’s birth weight was in the lowest 10th percentile 
(29% vs. 11.1% and 11/1000) (39). This difference results from 
the higher mortality rates among the smaller but not among the 
larger twins. Thus, in severely discordant twin pairs, about 
40% do not comprise a growth-restricted fetus and identifica- 
tion of this group is an imperative step in the management 
of birth weight discordance in twin gestations and in 
avoiding unnecessary interventions that may lead to iatrogenic 
prematurity. 

Controversy exists as to whether to use singleton or twin 
growth curves for assessing multiple pregnancies. Because 
most multiple pregnancies weigh less than singletons of the 
same gestational age, it seems that multiples grow differently 
than singletons do and therefore are frequently and erro- 
neously defined as SGA by singleton standards. Before birth, 
sonographic assessment of individual fetal growth cannot 
establish a pattern of growth restriction unless the pregnancy is 
longitudinally followed by repeated scans. In addition, despite 
the relative accuracy of sonographic estimations of the 
individual fetal weight, the “plus or minus” situation that 
exists for each estimation can cause significant under- and 
overestimation of the weight difference between fetuses and to 
low positive predictive values of discordance (40). 

Growth restriction in twins—genuine or relative—is usually 
managed conservatively unless signs of fetal compromise are 
seen. At times, especially with higher levels, discordant growth 
and discordant fetal well-being go hand in hand. Remote from 
term, a decision to save the ailing fetus is in clear conflict with 
the potential risks of extreme preterm birth imposed on the 
healthy fetus. Thus, whenever the clinical circumstance of one 
twin jeopardizes the other, care should be exercised to select a 
management plan that would optimize the outcome of both 
fetuses. The pregnant woman should be involved in such 
decision making. Obviously, when the risk for the unaffected 
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neonates is lower than the expected risk for the affected fetus, 
delivery is a clear option, as would be the case at greater than 
32 weeks. 


FETAL ASSESSMENT 

Fetal surveillance before and during labor should be carried 
out on all fetuses. It follows that each fetus should be 
adequately and appropriately monitored. In fact, assessment in 
multiples is no different from assessment in singletons, 
although it might be more complicated. For instance, fetal 
heart rate should be traced for both twins at the same time and 
intrapartum dual tracing is as important as during pregnancy. 
Once the membranes are ruptured, the presenting twin might 
be traced with a scalp electrode while the nonpresenting twin is 
followed with an external Doppler electrode. The fetal 
biophysical profile is similarly assessed individually although 
the amniotic fluid volume is sometimes difficult to assess. 
Sophisticated technology, like Doppler velocimetry of the 
umbilical artery, DV, and MCA, three-dimensional or four- 
dimensional ultrasound, and MRI of the fetal brain should be 
reserved for special indications. 


DELIVERY CONSIDERATIONS 

Most twins and practically all high-order multiple pregnancies 
go into spontaneous labor before 38 weeks of gestation. 
Circumstantial evidence suggests that, at least for twins, 
delivery after 37 completed weeks might carry an increased 
risk of neonatal mortality (41) and morbidity (42), and that 
fetal systems of the multiple pregnancy are mature by this date. 

Many reasons for a cesarean section could be indicated in 
most twins and all high-order multiple pregnancies (43). 
Because twin gestations often involve some complications and 
are considered “premium” pregnancies, many clinicians 
would deliver twins by cesarean section for many subtle 
reasons other than clear-cut, evidence-based indications. 
Vaginal birth is allowed in twins whenever the first twin is 
in vertex presentation. Breech delivery of the second twin or 
internal podalic version of a transverse-lying second twin is 
still permitted and clinicians await a Canadian randomized 
trial initiated in 2004, to evaluate the safety of such births. 
Otherwise, all pairs with a nonvertex presenting twin are likely 
to undergo a cesarean section. Nuances on this construct 
consider fetal size, discordance, prior uterine surgery, and— 
mainly—the experience and dexterity of the obstetrician. 
Delivery considerations should include the welfare of all 
fetuses and the mode of delivery should be based on medical 
considerations pertaining to each fetus, as well as on maternal 
health and preferences. Delivery of multiples should ideally 
take place in a center that is equipped with neonatal intensive 
care facilities available simultaneously for each infant, where a 
medical care provider certified in neonatal resuscitation is 
present for each neonate, and with facilities for a high-risk 
delivery (such as availability of an experienced obstetrician, 
24-hour anesthesia coverage, blood availability, etc). If this is 
not possible, in utero transfer may be preferable to postpartum 
transfer. 

When a multiple birth is expected, the main neonatal 
problem is logistic, rather than medical, because immediate 
neonatal treatment of an infant of a multiple pregnancy is not 
significantly different from treating a singleton, except that 
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twins come in pairs, and triplets come in sets of three. In 
practical terms, this means more staff in the delivery suite, 
more cribs available in the nursery, and more stations ready in 
the neonatal intensive care unit (NICU). At times, delivery of 
several very preterm sets in a short period may occupy the 
entire NICU for a relatively long period. It is clear that if the 
availability of NICU cribs lags behind the increased produc- 
tion of multiples, a serious public health situation may be 
created. 


OUTCOME 

Given the much-increased risk of maternal and fetal 
complications during a multiple pregnancy, the overall 
outcome for multiples is worse compared with the outcome 
for singletons. For example, the increased risk of cerebral palsy 
among multiples is clear: 28 to 45 for triplets, 7.3 to 12.6 for 
twins, and 1.6 to 2.3 for singletons per 1000 survivors, 
indicating that the greater the number of fetuses, the greater 
the prevalence of cerebral palsy. Moreover, the increase in 
cerebral palsy with the number of fetuses seems to be 
exponential (44). It is however unclear whether outcomes of 
multiples are poorer than outcomes of singletons matched for 
birth weight or gestational age. For example, the usual 
prophylactic dose of corticosteroids given to singletons does 
not have the same effect in multiples in terms of prevention of 
neonatal respiratory distress syndrome and intraventricular 
hemorrhage (45,46). A multivariate logistic regression analysis 
of a cohort of VLBW infants with similar background 
characteristics was done on 3717 singletons, 1394 twins, and 
483 triplets. Respiratory distress syndrome was significantly 
more common in twins and triplets despite increased exposure 
to antenatal steroids (47). In addition, VLBW triplets were at 
increased risk of death, but VLBW twins and triplets had no 
increased risk of chronic lung disease or adverse neurologic 
findings compared with matched singletons (47). 


PREVENTION VS. CURE 
The epidemic dimensions of multiple births, and especially of 
high-order multiple pregnancies, became evident toward the 
end of the 1980s as an aftershock of effective infertility 
treatment. To amend this untoward consequence of infertility 
treatment, clinicians proposed to reduce the number of 
embryos during pregnancy (MFPR) (48). MFPR, considered 
by many as the ultimate paradox of medicine, soon became a 
popular “cure” of the side effects of infertility treatment. This 
procedure, performed during the early second trimester via the 
transvaginal or transabdominal route, carries a risk of about 
5% to 8% total loss. However, MFPR is certainly associated 
with better outcomes simply because a lower plurality will 
always do better than a higher plurality pregnancy. 

Interestingly, and somewhat disturbingly, clinicians were 
more busy in refining and mastering the technique of MFPR 
than in trying to reduce the number of iatrogenic high-order 
multiples. At present, it is believed that MFPR should be 
seriously considered with quadruplets or more and should 
rarely be considered with twins. The controversy remains 
regarding MFPR of triplets (49). 

As always in medicine, prevention is better than cure. In 
terms of infertility treatment, this means transferring only one 
embryo in ART and canceling ovulation induction cycles 
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when more than one ripe follicle is visualized. Such preventive 
measures might somewhat reduce the overall success rates, 
although it is rarely debatable if a multiple pregnancy with 
three or four severely premature infants constitutes success. 
Put differently, the author of this chapter truly believes that if 
single-embryo transfer would have been the standard from 
the outset, it would never be possible to obtain ethical 
approval of a randomized trial for more than one embryo 
transfer. 
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6 Gestational hypertension and pre-eclampsia 


Erol Amon and Erin Dickert 


Hypertensive disorders are the most common medical 
complications of pregnancy. Approximately 7% to 10% of all 
pregnancies are complicated by hypertension. The two most 
common forms of hypertension are pregnancy-associated 
hypertensive disease, which accounts for 70% of hypertension 
during pregnancy, and pre-existing chronic hypertension, 
which is responsible for the remaining cases (1). Hypertensive 
disorders are associated with increased maternal and perinatal 
mortality and present as a wide spectrum of disorders, ranging 
from minimal elevation of blood pressure alone to severe 
hypertension with multiple organ dysfunction. 


CLASSIFICATIONS 

Multiple classifications have been proposed for the hyperten- 
sive disorders of pregnancy. In 2001, the National Institutes of 
Health Working Group on Hypertension in Pregnancy (2) 
defined five disorders (Table 1). 

Gestational hypertension may be defined as elevated blood 
pressure appearing after the 20th week of pregnancy or in the 
first 24 hours postpartum without edema or proteinuria, and 
with a return to normotension within 10 days of delivery. In 
order to diagnose hypertension, blood pressures must be at 
least 140 mmHg systolic or 90 mmHg diastolic on at least two 
occasions 6 hours apart. This is the most frequent cause of 
hypertension during pregnancy, affecting 6% to 17% of 
nulliparous women and 2% to 4% of multiparous women. The 
majority of cases of gestational hypertension develop after 37 
weeks of pregnancy. Outcomes are similar to normotensive 
controls if only mild elevations in blood pressure. Increased 
morbidities if severe blood pressure elevations. 

Pre-eclampsia is defined as new-onset hypertension in the 
second half of pregnancy with new-onset proteinuria. In order 
to diagnose proteinuria, greater than 300 mg must be present 
on a 24-hour sample or 0.1 g/L in at least two random urine 
samples more than 4 hours apart. Often evidence of end-organ 
dysfunction is present. Development of convulsions or coma 
in patients with signs and symptoms or pre-eclampsia in the 
absence of other causes of convulsions is diagnostic of 
eclampsia. 

Chronic hypertensive disease includes patients with pre- 
gestational hypertension, patients with pre-existent elevation 
of blood pressure to at least 140/90 mmHg on two occasions 
before 20 weeks of gestation, and patients with hypertension 
that persists for more than 6 weeks postpartum. Superimposed 
pre-eclampsia or eclampsia is defined as the development of 
pre-eclampsia or eclampsia in patients with diagnosed chronic 
hypertension. About 15% to 30% of chronically hypertensive 
women will develop superimposed pre-eclampsia. 

The classifications and definitions of the hypertension 
disorders of pregnancy are frequently confusing. It is often 
difficult to differentiate between pre-eclampsia, chronic 


hypertension, and chronic hypertension with superimposed 
pre-eclampsia. The normal mid-trimester fall in blood pressure 
may conceal the presence of underlying chronic hypertension; 
therefore, unless the patient presents in the first trimester or 
has a well-documented history of chronic hypertension, 
accurate classification may be impossible. 


PRE-ECLAMPSIA 

Pre-eclampsia is a disorder specific to human pregnancy. 
Reported incidences range from 2% to 10% depending on the 
diagnostic criteria used and the population studied. It is 
principally a disease of young primigravidas. The incidence is 
about 6% to 7% of all nulliparous pregnancies in the United 
States (3). 

Geographic and racial differences in incidence have been 
reported. Several risk factors have been identified as predis- 
posing to the development of pre-eclampsia in varied 
populations (4-11) (Table 2). For unknown reasons, the 
incidence appears reduced in women who smoke during 
pregnancy (12,13), as well as in those who have had previous 
abortions or miscarriages (14-16). 

Pre-eclampsia may be classified as either mild or severe. 
Severe pre-eclampsia is diagnosed when any of the criteria 
listed in Table 3 is present; additional markers of organ 
dysfunction may indicate severe disease. 


PHYSIOLOGY 

In normal pregnancies, the diameters of the uterine spiral 
arteries increase in size. The endothelium and the internal 
elastic lamina are replaced by invading trophoblast tissue. 
These changes begin in the decidual layer and extend into the 
myometrium. These vascular changes are thought to be 
associated with increased perfusion. In women with pre- 
eclampsia, these changes may be localized to the decidual layer 
or absent altogether. The diameter of the spiral arteries in 
affected pregnancies is 40% of the diameter in normal 
pregnancies (17). This is a disease of poor perfusion and 
vasospasm. Placental changes associated with pre-eclampsia 
may be seen weeks to months prior to the development of 
symptoms of the disorder. The symptoms of pre-eclampsia are 
associated with maternal endothelial dysfunction. Abnormal- 
ities in the endothelial control of vascular tone lead to 
increased permeability across vessel walls leading to edema and 
proteinuria. 


DIAGNOSIS 

A spectrum of clinical signs and symptoms, presenting either 
alone or in combination, makes the diagnosis of pre-eclampsia 
a subject of great controversy. Historically, diagnosis included 
a relative increase in blood pressure as well as presence of 
edema. Neither of these criteria has proven to be reliable for 
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Table 1 Classification (2) 


Pre-eclampsia 
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Gestational Chronic Superimposed 
hypertension Mild Severe Eclampsia hypertension pre-eclampsia 
Onset 20 weeks of gestation 20 weeks of gestation 20 weeks of After 20 weeks of Prior to 20 weeks Worsening of 
or greater or greater gestation or gestation of gestation chronic HTN 
greater after 20 weeks 
Diagnosis Elevated blood Elevated blood Elevated BP, Seizures with other Elevated blood Worsening 
pressure (>140/90 pressure (>140/90 proteinuria evidence of pressure, hypertension, 
on two occasions, on two occasions at (>5 g/24 hr) pre-eclampsia proteinuria worsening of 
at least two hr least 6 hr apart), may be present proteinuria 


apart); no 
proteinuria 


proteinuria (>300 
mg/24 hr) 


Abbreviation: HTN, hypertension. 


Table 2 Risk Factors for Pre-eclampsia 


Nulliparity 

Multiple gestation 

Family history of pre-eclampsia/eclampsia 

Pre-existing hypertension/renal disease/vascular disease 
Personal history of pre-eclampsia/eclampsia 
Pre-existing diabetes (class B—F) 

Non-immune hydrops fetalis 

Molar pregnancy 

Obesity 


diagnosis (2). A finding of abnormal blood pressure is subject 
to many errors; several variants may influence the readings: 
faulty equipment, cuff size, race, obesity, smoking, position, 
patient anxiety, or duration of the resting period (18). 

The presence of proteinuria is usually determined by the use 
of dipsticks on random urine samples. The concentration of 
urinary protein is highly variable. It is influenced by several 
factors, including contamination with vaginal secretions, blood, 
or bacteria; urine specific gravity and pH; and exercise and 
posture. Moreover, studies have found that urinary dipstick 
determinations correlate very poorly with the amount of 
proteinuria found in 24-hour urine determinations in hyper- 
tensive pregnancies (19-21). Dipstick measurements in urine 
samples (+3) are not adequate for the diagnosis of severe pre- 
eclampsia (20). In addition, urinary protein-to-creatinine 
excretion is highly variable in patients with pre-eclampsia 
(22). Spot urinary protein-to-creatinine ratios are useful as a 
screening tool for pre-eclampsia. A result of less than 0.21 
correlates to less than 300-mg protein on a 24-hour timed urine 
protein with a negative predictive value of 83.3% and sensitivity 
of 86.8% (23). Nevertheless, the definitive test for diagnosing 
proteinuria is a quantitative measurement of total protein 
excretion over a 24-hour period. An effort should be made to 
ensure an accurate collection by concurrently measuring the 
total 24-hour urine creatinine excretion. Significant proteinuria 
in pregnancy should be defined as >300 mg per 24-hour urine 
sample. For making the diagnosis of severe pre-eclampsia based 
on proteinuria only, it is recommended that a 24-hour urine 
sample with protein of >5 g be documented. 


PREVENTION OF PRE-ECLAMPSIA 
The likelihood of recurrence in subsequent pregnancies is such 
that numerous reports and clinical trials have focused on the 


Table 3 Diagnostic Criteria for Severe Pre-eclampsia 


Blood pressure (3) 160 mmHg systolic or 110 mmHg 
diastolic on two occasions at least 
6 hr apart with the patient at rest 

5 g in a 24-hr urine collection 

<400 mL in 24 hr 


Liver function test abnormalities 


Proteinuria (3) 
Oliguria 
Severe, persistent 


epigastric pain may exist 
Pulmonary edema or 
cyanosis 
Thrombocytopenia <100,000/mm* 
Persistent cerebral Headache, visual changes 
symptoms 


Fetal growth restriction <10th percentile 


use of various methods to prevent or reduce the incidence of 
pre-eclampsia. In 2006, recurrence rates were examined in 896 
Icelandic women as described in Table 4 (24). Almost three- 
fourths of women with a hypertensive disorder in a first 
pregnancy had a recurrence in the following pregnancy. 

Since the etiology of the disease is unknown, various 
methods were used to correct the pathophysiologic abnorm- 
alities in the hopes of ameliorating the course of, or 
preventing, the disease. Some of the methods used are 
summarized in Table 5. To date, none of these methods have 
been shown conclusively to be effective in preventing the 
disease. 

Alternations in diets (low salt, high protein, as well as 
restricted caloric intake) have been suggested as prevention for 
pre-eclampsia. In addition, the use of diuretics has been 
recommended to prevent pre-eclampsia (25). However, the 
efficacy of these measures has never been proven. Several 
epidemiologic studies and a few clinical supplementation trials 
have suggested a relationship between calcium, magnesium, 
zinc intake, and pregnancy-induced hypertension. The 
relationship between dietary calcium intake and hypertension 
has been the subject of several experimental and observational 
studies (26). It has been shown that there is an inverse 
association between calcium intake and maternal blood 
pressure and the incidences of pre-eclampsia and eclampsia 
in epidemiologic studies (27). The blood pressure-lowering 
effect of calcium was thought to be mediated by alterations in 
plasma renin activity and parathyroid hormone. In addition, 
calcium supplementation during pregnancy was shown to 
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Table 4 Recurrence Rates 


Normal 
153 (29.9%) 


First pregnancy 
Gestational HTN 
(a= Silil) 
Pre-eclampsia/ 
eclampsia 
(a = I5) 
Chronic HTN 
(n = 200) 
Superimposed 
pre-eclampsia 
(n= 34) 
Total (n = 896) 


63 (41.7%) 


24 (12%) 


2 (5.9%) 


242 (27%) 


Table 5 Prevention of Pre-eclampsia 


Dietary manipulation 
Low-calorie diet 
High-protein diet 

Low-salt diet 

Nutritional supplementation 


Second pregnancy 
Gestational Pre- Chronic 
HIN eclampsia HIN 
239 (46.8%) 25 (4.9%) 82 (16%) 
52 (34.4%) il7/ 16 (10.6%) 
(11.3%) 
69 (34.5%) il7/ 16 (10.6%) 
(11.3%) 
10 (29.4%) 4 14 (41.2%) 
(11.8%) 
370 (41.3%) 52 (5.8%) 203 
(22.7%) 


Pharmacologic manipulation 


Diuretics 
Anti-hypertensives 
Beta-sympathomimetics 
Anti-thrombotic agents 
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Superimposed All 
pre-eclampsia recurrences 
12 (2.3%) 358 (70.1%) 
3 (2%) 88 (58.3%) 
3 (2%) 68 (58.3%) 
4 (11.8%) 32 (94%) 
29 (3.2%) 654 (73%) 


Personal habit changes 


Frequent prenatal care 
Daily rest in lateral position 
Keeping same partner 
Avoiding/reducing coffee 


Calcium Low-dose aspirin 
Magnesium Dipyridamole 
Zinc Dazoxiben 

Fish oil Heparin 


Evening primrose oil 
Vitamins C and E 


reduce angiotensin II vascular sensitivities in such pregnancies 
(28,29). 

The findings of clinical studies comparing the use of 
calcium versus no treatment or placebo in pregnancy were 
reviewed in two meta-analyses (30—40). These trials differed by 
the population studied (low risk or high risk for hypertensive 
disorders of pregnancy), study design (randomization, 
double blind, or use of a placebo), gestational age at 
enrollment (20-32 weeks of gestation), sample size in each 
group (range 22-588), and dose of elemental calcium used 
(156-2000 mg/day). In addition, these studies differed 
regarding the definition of the hypertensive disorders of 
pregnancy. The findings suggest that calcium supplementation 
reduces the overall incidence of hypertensive disorders 
of pregnancy, with a trend toward reducing the incidence of 
pre-eclampsia. 

A large, multicenter, randomized controlled trial to evaluate 
the benefits and side effects of calcium supplementation to 
prevent pre-eclampsia was performed in the United States. 
This trial randomized over 4500 healthy nulliparous women 
who were enrolled prior to 20 weeks of gestation. The results 
of this trial demonstrated no difference between those 
receiving 2 g of calcium as opposed to those receiving placebo 
in the incidence of either pre-eclampsia or gestational 
hypertension. In addition, calcium supplementation had no 
effect on maternal blood pressure throughout gestation or 
birth weight (40). 


Pre-eclampsia is associated with vasospasm and an activa- 
tion of the coagulation—hemostasis system. Enhanced platelet 
activation plays a central role in the above process with 
resultant abnormality in the thromboxane/prostacyclin bal- 
ance. Aspirin inhibits the synthesis of prostaglandins by 
irreversibly acetylating and inactivating cyclooxygenase. In 
vitro, platelet cyclooxygenase is more sensitive to inhibition by 
very low doses of aspirin (<80 mg) than vascular endothelial 
cyclooxygenase. Therefore, treatment with low doses of aspirin 
could alter the balance between prostacyclin (vasodilation) 
and thromboxane (vasoconstriction) (41). 

More than 35,000 women have participated in a variety of 
randomized control trial describing the effects of low-dose 
aspirin (60-81 mg/day) on pre-eclampsia (42). Some of these 
studies were conducted in healthy nulliparous women (43,44), 
whereas others included patients with various obstetric and 
medical complications (45—49). 

Sibai and associates (44) reported a multicenter study in 
2985 health nulliparous women who were randomized at 
13-26 weeks of gestation to either receive 60 mg aspirin daily 
or a placebo. The incidence of pre-eclampsia was reduced by 
only 26% in the aspirin-treated women; however, there were 
no differences in mean gestational age at delivery, birth weight, 
or the frequency of fetal growth retardation or preterm 
delivery. Moreover, there was a significantly higher incidence 
of abruptio placentae in women receiving aspirin (0.7%) 
compared with those receiving placebo (0.1%). 
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Viinikka and colleagues (45) studied 197 women with pre- 
existing chronic hypertension or a history of severe pre- 
eclampsia in their previous pregnancies who were randomized 
at 15 weeks of gestation to receive 50 mg/day aspirin or a 
placebo. The incidences of exacerbation of hypertension as 
well as pre-eclampsia were similar in the two groups. In 
addition, the two groups had similar mean gestational age at 
delivery. However, patients receiving low-dose aspirin had a 
higher mean birth weight and lower frequency of fetal growth 
retardation. 

An Italian multicenter trial evaluated the use of 50 mg/day 
of aspirin to no treatment at 16 to 32 weeks in a large group of 
pregnant women considered at risk for pre-eclampsia (46). 
There were no differences between the two groups regarding 
the incidences of hypertension only, pre-eclampsia, fetal 
growth retardation, preterm delivery, abruptio placentae, or 
perinatal death. 

The CLASP (Collaborative Low-Dose Aspirin Study in 
Pregnancy) trial (47) was a multinational randomized trial of 
low-dose aspirin for the prevention and treatment of pre- 
eclampsia and fetal growth retardation. In the trial, 9364 
women at risk for pre-eclampsia between 12 and 32 weeks 
took part. There were no differences between the two study 
groups regarding the incidences of pre-eclampsia, fetal growth 
retardation, abruptio placentae, or perinatal deaths. However, 
the aspirin-treated group had a lower incidence of preterm 
delivery. In addition, there was a significant trend (p=0.004) 
toward progressively greater reductions in pre-eclampsia 
(more in preterm delivery). The study group suggested that 
low-dose aspirin administration may be justified in women 
judged to be at risk for early-onset pre-eclampsia. In such 
women, the researchers recommended that low-dose aspirin 
be started before 20 weeks of gestation. 

In a large multicenter clinical trial, pregnant women at 13 to 
26 weeks of gestation with high-risk characteristics (previous 
pre-eclampsia—eclampsia, chronic hypertension, class B—F 
diabetes, or multifetal gestation) were randomized to either 
aspirin 60 mg/day or matching placebo. This trial was 
conducted at 11 centers in the United States and was 
sponsored by the National Institute of Child Health and 
Human Development. The results of this trial demonstrated 
minimal to no benefit from the use of low-dose aspirin in such 
women (50). 

An additional meta-analysis of individual data the Perinatal 
Antiplatelet Review of International Studies attempted to 
differentiate the success of aspirin by maternal diagnosis, 
timing of initiation of therapy, and dosage of aspirin (51). A 
reduction in preterm birth and incidence of pre-eclampsia by 
10% was noted in those treated with aspirin. No subgroups of 
women were found for which aspirin therapy was more 
effective. In addition, the number needed to treat was 500 low- 
risk pregnancies to prevent one preterm birth, while 50 high- 
risk pregnancies needed to be treated. 

Oxidative stress has been suggested to play a role in the 
development of pre-eclampsia. Previous trials of the benefits 
of vitamins C and E have had disparate results. A recent trial 
evaluated the impact of antioxidant therapy on the prevention 
of pre-eclampsia (52). In the trial, 10,154 women were 
enrolled to participate, with 40% beginning while still in the 
first trimester. No differences were noted between women 
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Table 6 Hospital Management of Patients with Gestational 
HTN and Mild Pre-eclampsia 


Gilstrap 
etal. Sibaiet al.  Sibai et al. 
(53) (54) (56) 
Patients (n) 576 200 200 
Mean hospitalization 24 2I 12 
(days) 
Pregnancy prolongation 24 21 22 
(days) 
Preterm delivery 23 - 41-49 
(<37 weeks) 
Perinatal deaths 9/1000 5/1000 0/1000 
Abruptio placentae (%) 0.9 Loy 


receiving vitamin supplementation and those receiving the 
placebo for the primary outcomes of severe pregnancy- 
associated hypertension or pre-eclampsia. Rates of adverse 
perinatal outcomes were similar between the groups. 

Based on the data available at this time, no one specific 
therapy appears to be more efficacious in the prevention of 
pre-eclampsia in high-risk patients than no therapy. 


MANAGEMENT OF MILD GESTATIONAL 
HYPERTENSION/PRE-ECLAMPSIA 

The optimal management of mild pre-eclampsia remote from 
term is controversial. In general, there is considerable 
disagreement regarding the need for hospitalization as 
opposed to ambulatory management. Management of gesta- 
tional hypertension—pre-eclampsia by hospitalization was 
based largely on clinical experience rather than being the 
result of controlled randomized trials. In theory, hospital 
admission for bed rest could delay or prevent progression to 
severe hypertension (53,54). Historically, admission to a 
hospital was an accepted practice worldwide and its rationale 
was to reduce eclampsia (55) and improve perinatal outcome 
(53). In some centers in the United States, management of 
these patients has included relative bed rest in the hospital for 
the duration of pregnancy. This approach has been reported to 
diminish the frequency of progression to severe disease and to 
enhance fetal survival (15,53). In fact, several studies (Table 6) 
noted the benefits of prolonged hospitalization for patients 
with mild gestational hypertension remote from term. 

This practice was challenged by Matthews and associates 
(57), who found no differences in perinatal mortality in 
women with gestational hypertension between those who were 
hospitalized for the duration and those who were managed as 
outpatients. Further, Matthews and colleagues (58) studied 
135 patients with gestational hypertension in a randomized 
trial. They showed that complete bed rest appeared to have no 
advantage over “ambulation as desired” in controlling the 
severity of maternal disease. Similarly, Crowther and cow- 
orkers (59) conducted a randomized controlled trial on 218 
patients with gestational hypertension. They showed that bed 
rest in pregnancies complicated by gestational hypertension 
was not associated with an overall improvement in fetal 
growth or reduced neonatal morbidity. Instead, the recording 
of fetal kick count at home and continued outpatient antenatal 
care provided a safe alternative to hospital admission. 
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Management Alternatives 
Obstetricians are increasingly utilizing outpatient manage- 
ment of gestational hypertension, especially with the increas- 
ing pressure to decrease medical expenses and use outpatient 
therapy. Outpatient management was addressed by the 
American College of Obstetricians and Gynecologists Practice 
Bulletin Number 33 (60), which noted that “Hospitalization is 
often initially recommended for women with new-onset 
preeclampsia. After maternal and fetal conditions are serially 
assessed, subsequent management may be continued in the 
hospital, at a day-care unit, or at home on the basis of the 
initial assessment... Hospitalization is recommended for 
noncompliant patients, those with logistical barriers, and 
those who show progressive disease as outpatients.” 
Randomized trials assessing the value of admission to 
hospital for bed rest found no benefits over outpatient 
management in women with mild gestational hypertension 
(56,61). With the introduction of outpatient management 
alternatives, evaluation of maternal and fetal status was similar 
to inpatient therapy. In fact, the incidence of both eclampsia 
and placental abruption and the perinatal mortality rates were 
almost the same in both hospitalized and non-hospitalized 
patients. 


Home-Care Programs 

In an attempt to provide a safe and less expensive alternative to 
hospital care for women with pre-eclampsia, some home-care 
programs were initiated in the mid-1980s. Helewa and 
associates (62) reported their experience with one such 
program. Patients eligible for home-care management in- 
cluded those with blood pressure of <150/100 mmHg, protein 
level of <0.6 g in a 24-hour collection of urine, absence of 
symptoms of severe pre-eclampsia, platelet count of >120,000/ 
mm? and liver enzymes of <50 U/L. Enrolled patients were 
visited at home by a trained nurse. The nurse measured the 
blood pressure and fetal heart rate, reviewed fetal movement 
counts, tested for the presence and amount of protein in the 
urine, and checked for signs and symptoms of pre-eclampsia. 
An assessment of the fetal biophysical profile and biochemical 
profile and a visit to the attending physician were carried out 
on a weekly basis. The program nurse contacted the physician 
if clinical deterioration was noted. Labor was induced 
electively at term when the patient had a favorable cervix or 
whenever pre-eclampsia became severe or there were signs of 
fetal distress. In this study, 321 patients met the criteria and 
were enrolled in the home-care program. A total of 141 
patients (44%) were admitted to the antepartum unit for 
inpatient monitoring: nine had severe pre-eclampsia. The 
mean length of enrollment in the home-care program was 11.5 
days (1—42 days). Hospital stay was reduced from 5.7 days to 
3.7 days, and cost was reduced by 74%. 


Day-Care Programs 

Similarly, and in an attempt to decrease hospital bed 
occupancy, a fetal surveillance unit or day-care unit estab- 
lished within the hospital was described by some authors 
(63-67). The unit was established within the hospital and run 
by a nurse-midwife and staffed by an attending physician. 
Every visit included monitoring of maternal blood pressure, 
urine testing, with assessment of fetal heart rate, biophysical 
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profile, and uteroplacental circulation, as needed. The patient 
remained under the care of the referring physician unless there 
was need for immediate intervention. Soothill and coworkers 
(63) reported a decrease in the rate of antenatal bed occupancy 
by 22% with no significant change in the stillbirth rate. 
Similarly, Tuffnell and associates (64) reported an 80% 
reduction in hospital inpatient stay, and a reduction in the 
number of medical interventions. In addition, Dawson and 
colleagues (65) showed that telephonic monitoring of the fetal 
heart rate in such women was also associated with fewer 
hospital admissions and a smaller percentage of time spent in 
hospital. Turnbull and associates (67) reported no significant 
difference in fetal or maternal morbidities when compared 
with in-patient care. 


Perinatal Outpatient Monitoring Service 

There are outpatient monitoring service designed to monitor 
and record information associated with the major signs of 
obstetric hypertensive disease (blood pressure determination, 
weight, sleep/rest documentation, fetal movement count, and 
urinalysis) (57). Outpatient evaluation includes four times 
daily automated blood pressure and pulse measurement and 
daily assessment of weight, fetal kick counts, duration of rest/ 
sleep periods, and proteinuria. Each data element is dated and 
time coded. Objective and subjective data are then transmitted 
by phone to a perinatal center daily or immediately (if elevated 
blood pressure or decreased fetal movements are observed). 
Patients receive twice weekly antenatal evaluation with 
nonstress testing and frequent amniotic fluid assessment. 
Barton and colleagues (57) evaluated the perinatal and 
maternal outcomes of this outpatient monitoring service in 
592 patients with mild gestational hypertension at 24-36 
weeks of gestation. The mean pregnancy prolongation was 
27.443.3 days, whereas the mean antepartum hospitalization 
for management of similar patients was only 1.7 days. 
Maternal and perinatal outcome were similar to those reported 
by investigators using hospitalization for management of 
similar patients. In a subsequent report, Barton and associates 
(68) found that a similar program was safe and effective, even 
in young teenage patients with mild gestational hypertension 
remote from term. 

The success rate of outpatient management depends 
primarily on maternal status (presence or absence of 
proteinuria, diastolic blood pressure, and gestational 
age) at the time of enrollment. Pregnancies complicated by 
pre-eclampsia are associated with a lower gestational age at 
delivery, shorter pregnancy prolongation, and an increased 
requirement for antepartum hospitalization as compared with 
pregnancies with gestational hypertension without proteinur- 
ia. Those women with gestational hypertension or pre- 
eclampsia at an earlier gestational age tend to have earlier 
gestational age at delivery and a worsening of the disease status 
and more unfavorable fetal outcome than those who develop 
the disease at term (56,61). 


Management Protocol 

Management plan for patients with mild gestational hyperten- 
sion/pre-eclampsia is dependent on gestational age as well as 
maternal and fetal findings. A recent multicenter, randomized 
clinical trial described by Sibai compared induction of labor 
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with continued expectant management for patients with 
gestational hypertension/pre-eclampsia at 36 to 41 weeks 
(69). Once 37-week gestation was reached, there is an overall 
reduction in relative risk of maternal morbidity. Induction of 
labor was not associated with increased risk of cesarean 
delivery or neonatal morbidity. The principal maternal benefit 
of delivery is decreased disease progression. Additionally, 
HYPITAT study described by Koopmans (70) assessed 
whether induction of labor at term with mild hypertensive 
disease reduces maternal morbidity. This multicenter rando- 
mized trial divided patients with mild hypertensive disease at 
term into groups for induction of labor or expectant 
management. Those undergoing induction of labor had a 
relative risk 0.71 of worsening maternal disease. There was no 
statistical difference in cesarean rates or neonatal complica- 
tions between the groups. An economic analysis of the 
HYPITAT study performed by Vijgen and colleagues demon- 
strated decreased cost with induction of labor as opposed to 
expectant management for patients with mild hypertensive 
disease at term (71). Based on these data, patients with 
gestational age beyond 37 weeks can reasonably be managed 
with induction of labor. 

Patients who are less than 37 weeks of gestation are assigned 
to either ambulatory or inpatient management based on 
certain criteria: those who are unreliable, or have a diastolic 
blood pressure of >100 mmHg, proteinuria of >500 mg, 
abnormal laboratory tests, abnormal fetal testing, preterm 
labor, or bleeding are usually hospitalized. They are allowed to 
eat regular hospital diet without salt restriction, and their 
activity is not restricted to complete bed rest. Initially, 
antihypertensive drugs are not prescribed. Patients under- 
going outpatient care are instructed to have daily urine 
dipstick measurements of proteinuria, blood pressure mon- 
itoring, daily assessment of weight gain, and daily recording of 
fetal kick counts. They are also educated to report any 
symptoms of impending eclampsia. The patient is then 
evaluated in the antepartum testing area for maternal and fetal 
well-being at least twice a week for patients with proteinuria 
(1+) and once a week for those without proteinuria (0 or 
trace). If there is any evidence of disease progression and if 
acute severe hypertension develops, then hospitalization is 
indicated. During expectant management, these women have 
periodic laboratory evaluation of platelet count and liver 
enzymes (one to two times a week), serial ultrasound 
examinations for estimated fetal weight (every 2-3 weeks), 
antenatal testing with the nonstress test (two times a week), 
and weekly umbilical artery Doppler studies, as well as 
amniotic fluid volume assessment. 

In summary, management of women with mild gestational 
hypertension—pre-eclampsia must always put safety of the 
mother first and then aim at the delivery of a live, mature 
newborn that will not require intensive and prolonged 
neonatal care. The goal of management of mild gestational 
hypertension—pre-eclampsia should be to identify the devel- 
opment of severe disease prior to maternal seizure or fetal 
jeopardy. Therefore, requirements for outpatient management 
must include well-motivated patients, a perinatal outpatient 
monitoring service or other management alternative for close 
maternal and fetal evaluation, and guidelines for contacting 
the health-care provider (Table 7). 
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Table 7 Guidelines for Outpatient Management 


Well-motivated patients 

Well-trained nurses 

Perinatal outpatient monitoring service or other management 
alternative 

Close maternal and fetal evaluation 

Daily 

* Urine dipstick for proteinuria 

* Blood pressure 

+ Weight 

+ Fetal kick count 

Two times per week 

+ Platelet count and liver enzymes (1-2 times per week) 

+ Fetal antenatal testing with nonstress test or biophysical profile 

One time per week 

+ Measure of amniotic fluid volume 

+ Platelet count and liver enzymes (1-2 times per week) 

+ Physician visit 

Every two to three weeks 

+ Serial ultrasound examinations for estimated fetal growth 

Guidelines for contacting health-care provider 

+ Labor or rupture of membranes 

+ Vaginal bleeding 

+ Decreased fetal movement 

+ Symptoms of impending eclampsia (CNS, visual disturbances) 

+ Symptoms of impending HELLP (epigastric pain, vomiting) 

Abbreviation: HELLP, hemolysis, elevated liver enzymes, and low platelet 

count. 


Antihypertensive Drugs in Mild Gestational 
Hypertension/Pre-eclampsia 

There are several retrospective and prospective studies that 
have described the use of various antihypertensive drugs in 
women with mild gestational hypertension/mild pre- 
eclampsia (56,7280). Drugs used in these studies included 
hydralazine, methyldopa, nifedipine, prazosin, diuretics, and 
beta-blockers. These studies included women with gestational 
hypertension (proteinuria absent) and mild pre-eclampsia. 
The purpose of using antihypertensive drugs in this group of 
women was not to improve blood pressure, but rather to 
improve perinatal outcome by prolonging the pregnancy in 
those who were remote from term. Some of these studies 
found that labetalol had some beneficial effects on the disease 
process (progression to severe hypertension, development of 
proteinuria), whereas other studies reported detrimental 
effects (higher frequency of fetal growth retardation) in the 
treated group. In general, none of these studies have reported a 
better perinatal outcome than those reported in studies using 
hospitalization alone. In summary, there are currently few data 
to support the use of antihypertensive drugs in the manage- 
ment of mild gestational hypertension—pre-eclampsia remote 
from term (81). 


MANAGEMENT OF SEVERE PRE-ECLAMPSIA 

Pre-eclampsia affects two patients—the mother and the fetus. 
Traditionally, women with severe pre-eclampsia have been 
delivered without delay, regardless of fetal considerations. 
Although delivery is appropriate therapy for the mother, 
aggressive management with immediate delivery of a fetus 
remote from term leads to high neonatal mortality and 
morbidity resulting from prematurity. Recent studies have 
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Table 8 Maternal Complications During Expectant Management of Severe Pre-eclampsia 


Study 


Randomized trials 
Odendaal et al. (85) (n = 18) 


HELLP syndrome (%) 


Not reported 


Sibai et al. (83) (n = 49) 4.1 

Observational studies 

Sibai et al. (86) (n = 54) 13.0 
Olah et al. (87) (n = 28) 14.3 
Hall et al. (82) (n = 340) 52. 

Vigil-DeGarcia et al. (88) (n = 129) 85 

Chammas et al. (89) (n = 47) 17.0° 
Haddad et al. (90) (n = 239) 14.2 
Oettle et al. (91) (n = 131) 4.6 

Shear et al. (92) (m = 155) DM 


Pulmonary edema (%) 


Renal failure (%) Eclampsia (%) 


0 53 0 
0 0 

0 0 5.6 
0 3.6 0 
ell I 12 
23 1.6 0 
8.5 17.0° 0 
3.8 0 0 
0.8 23 23 
29 Not reported 19 


“Described as HELLP or deteriorating renal function. Abbreviation: HELLP, hemolysis, elevated liver enzymes, and low platelet count. 


demonstrated favorable neonatal outcomes after conservative 
management of severe pre-eclampsia. Since 1990, randomized 
trials and several observational studies have evaluated 
expectant management of severe pre-eclampsia at less than 
34 weeks of gestation. These studies included greater than 1700 
women, with gestational age between 24 and 34 weeks of 
gestation. The results suggested that expectant treatment in a 
select group of women with severe pre-eclampsia between 
24-0/7 and 32-6/7 weeks of gestation in a suitable hospital is 
safe and improves neonatal outcome (82). Candidates for 
conservative management should be carefully selected and 
managed with intensive maternal and fetal monitoring at a 
tertiary perinatal center. 

The timing of delivery in women with severe pre-eclampsia 
in the second trimester is a difficult decision to make for 
mother and obstetrician. Aggressive management with 
immediate delivery will result in extremely high neonatal 
mortality and morbidity resulting from prematurity. Conse- 
quently, hospitalization in a neonatal intensive care unit is 
prolonged, and surviving infants may have long-term dis- 
abilities (83). Attempts to prolong pregnancy may improve 
perinatal outcome, but may expose the mother to potential 
morbidity (84). 

Therefore, concerning expectant management, one must 
weigh risks and benefits to the mother and the fetus. Fetal 
gestational age, fetal condition, and maternal condition play 
important roles in reaching such a decision (83). 


Maternal Indications 

Because the pathophysiology of pre-eclampsia involves 
diffuse endothelial injury, patients may present with multi- 
ple-system involvement and differing degrees of severity. 
Some women with severe disease have marked improvement 
in blood pressure, protein excretion, and urine output shortly 
after hospitalization. However, others require immediate 
delivery because of signs of deterioration as seen in Table 8. 
Careful selection of patients with severe disease is important 
(84). Patients judged suitable for expectant management 
have one or more of the following clinical findings: 
controlled hypertension, proteinuria of >5 g/day, oliguria 
that resolves with routine fluid or food intake, elevated liver 
enzymes (aspartate aminotransferase or alanine aminotrans- 
ferase greater than two times the upper normal value) 


without epigastric pain or without right upper quadrant 
tenderness (84). 

Visser and Wallenburg (93) rejected the general recom- 
mendation of prompt termination of pregnancy in pre- 
eclamptic patients with hemolysis, elevated liver enzymes, and 
low platelets [hemolysis, elevated liver enzymes, and low 
platelet count (HELLP) syndrome] in the late second or early 
third trimester. In their study, 128 pre-eclamptic patients with 
HELLP syndrome were matched for gestational age with 128 
pre-eclamptic patients without HELLP. Both groups were 
treated conservatively with volume expansion and pharmaco- 
logic vasodilatation with the aim of prolonging gestation and 
enhancing fetal maturity. Complete reversal of HELLP 
occurred in 43% of patients. Perinatal mortality was 14.1% 
in HELLP patients and 14.8% in patients without HELLP. 
Similarly, Magann and coworkers (94) demonstrated signifi- 
cant improvement in maternal platelet count, urinary output, 
lactic dehydrogenase, alanine aminotransferase, and post- 
ponement of delivery in women with HELLP syndrome who 
received high-dose antenatal dexamethasone (10 mg intrave- 
nously every 12 hours until delivery; average time of 41 hours). 


Fetal Indications 

Severe pre-eclampsia may affect the fetus in a negative way. 
Inadequate trophoblastic invasion causing abnormal placenta- 
tion is one of the main features of pre-eclampsia. This can lead 
to decreased uteroplacental perfusion with a resulting 
increased incidence of intrauterine growth retardation, fetal 
hypoxia, and perinatal death. Therefore, careful selection and 
intensive monitoring of the fetus is essential. Patients judged 
suitable for conservative management have one or more of the 
following: biophysical profile >4, largest vertical amniotic fluid 
pocket of >2, ultrasound-estimated fetal weight above the 5th 
percentile. 

It is commonly believed that maternal pre-eclampsia has a 
protective effect on neonatal outcome after delivery before 34 
weeks of gestation. This protective effect is thought to be 
caused by the fact that fetuses of pre-eclamptic mothers are 
subjected to stress in utero and therefore have accelerated 
maturation and consequently a better prognosis than other 
preterm infants. However, in a well-designed retrospective 
study, Schiff and colleagues (95) studied fetal lung maturity by 
amniocentesis in 127 pre-eclamptic patients and a matched 
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Table 9 Indication for Delivery 
Maternal 


Persistent severe headache or visual changes; eclampsia 

Shortness of breath or chest tightness with rales and/or pulse 
oximetry of <93% on room air or pulmonary edema 

Epigastric/right upper quadrant pain with AST or ALT >2 times 
the upper limits of normal 

Uncontrolled severe hypertension, despite maximum doses of 
antihypertensive agents 

Oliguria (<500 mL/24 hr) or a rising serum creatinine level of 
>1.5 mg/dL 

Persistent platelet count, <100,000/mm 

Suspected abruptio placentae, progressive labor, and/or rupture 
of membranes 
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Fetal 


Severe FGR (estimated fetal weight, 5 th percentile for gestational age) 

Persistent severe oligohydramnios (amniotic fluid index, <2 cm) with 
fetal heart rate decelerations 

Repetitive late or variable fetal heart rate decelerations unresponsive to 
therapy 

Persistent biophysical profile, <4 (evaluations 6 hr apart) 


Umbilical artery Doppler with reversed end-diastolic blood flow 


Fetal death 


Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; FGR, fetal growth restriction. Source: From Ref. 99. 


control group of women with preterm labor. They found no 
significant difference in the incidence of an immature 
laboratory result between pre-eclamptic patients and their 
matched controls (39.4% vs. 38.6%). The incidence of 
respiratory distress syndrome was slightly, but not signifi- 
cantly, higher in the pre-eclamptic group. In addition, 
Friedman and associates (96) found no beneficial effect from 
pre-eclampsia on the postnatal course of infants born at 24-35 
weeks of gestation. 

The poor perinatal outcome associated with severe pre- 
eclampsia is believed to be related primarily to prematurity. 
However, severe pre-eclampsia is associated with increased 
vascular resistance and a decreased uteroplacental perfusion 
leading to an increased incidence of intrauterine growth 
retardation, fetal hypoxia, and perinatal death. Studies have 
demonstrated the efficacy of umbilical artery velocimetry in 
identifying fetal acidosis. Doppler ultrasound scanning is now 
common in the management of pregnancies complicated by 
hypertension and has become an indirect tool to assess fetal 
well-being. The absence or reversal of end-diastolic velocity in 
the umbilical artery has proved to be highly predictive of low 
birth weight or fetal death (97,98). Torres and coworkers (98) 
retrospectively investigated the relationship between abnormal 
umbilical artery velocimetry and fetal outcome in 172 
hypertensive pregnant women. In their study, the absence of 
end-diastolic velocity predicted low birth weight in 100% of 
pregnancies and fetal death in 66.6%. All stillbirths in this 
study had absence of end-diastolic velocity (sensitivity 100%). 
However, the value of abnormal umbilical artery Doppler 
results (reversed or absent end-diastolic flow) in predicting 
poor fetal outcome in hypertensive pregnancies has been 
studied in only a small number of patients. 

Table 9 provides a summary of guidelines for delivery. 
These indications should not be considered absolute, as 
exceptions may exist in allowing for individualization of 
patient care. 


Management According to Gestational Age 

In general, management of severe pre-eclampsia is dependent 
on gestational age. Patients with fetuses at a gestational age 
greater than 34 weeks are generally delivered after admission. 
Patients at 33 to 34 weeks of gestation with immature fetal 
lung maturity studies may receive steroids to accelerate fetal 


lung maturity and may be delivered 24 hours after the last dose 
of steroids in the presence of any significant adverse change in 
maternal or fetal conditions. However, patients found eligible 
for conservative management should be counseled about the 
fact that gaining 2 more weeks could make the difference 
between having an infant admitted to the neonatal intensive 
care unit or having an infant admitted to the well-baby 
nursery. 

Patients at 28 to 32 weeks of gestation are managed 
according to their clinical status during the observation period. 
Sibai and colleagues (83) published data from a randomized 
and well-controlled study comparing aggressive versus 
expectant management in patients with severe pre-eclampsia 
between 28 and 32 weeks of gestation. In this study, it 
was possible to prolong pregnancy by an average of 15.4 days 
in women assigned to expectant management without 
a significant increase in maternal morbidity. Additionally, 
the expectant management group had a lower incidence of 
admissions to the neonatal intensive care unit (76% vs. 100%), 
lower average number of days spent in that unit (20.2 vs. 36.6 
days), reduced incidence of respiratory distress syndrome 
(22.4% vs. 50.0%), and a reduced incidence of necrotizing 
enterocolitis (0% vs. 10.9%). Similar findings were observed 
by Odendaal and coworkers (85) and by Fenakel and 
colleagues (100). 

Patients with severe pre-eclampsia at a gestational age of 
< 27 weeks should receive extensive counseling regarding the 
risks and benefits of expectant management (Table 10). Sibai 
(86) reported a perinatal survival rate in conservative 
management of severe pre-eclampsia between 25 and 27 
weeks of gestation of 76% compared with 35.5% in the group 
that had immediate delivery. In addition, the infants in the 
conservative management group had a lower incidence of 
intraventricular hemorrhage (41% vs. 71%) and a shorter 
length of stay in the neonatal intensive care unit (70 vs. 115 
days). In the same study, a perinatal survival rate of 6.7% and a 
27% incidence of maternal morbidity were reported in 
conservative management of severe pre-eclampsia at 
<24 weeks of gestation. Therefore, expectant management of 
patients between 25 and 27 weeks of gestation had a 
significantly higher perinatal survival and a lower acute and 
long-term neonatal morbidity compared with aggressive 
management. Maternal complications were infrequent in both 
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Table 10 Expectant management of severe pre-eclampsia at 
<25 weeks of gestation (101) 


Maternal 
Perinatal complications 
Patients death (%) (%) 
Sibai et al. (83) 15 93 27 
Moodley et al. (102) 10 100 50 
Visser and 25 84 Not reported 
Wallenberg (103) 
Gaugler-Senden 26 82 65 
et al. (104) 
Hall et al. (82) 8 88 36 
Budden et al. (105) 31 71 71 


groups. Perinatal survival was low, morbidity was high, and 
maternal complications were also elevated. Therefore, for 
patients between 24 and 25 weeks of gestation, a gain of 1 or 
2 weeks will markedly improve perinatal survival and reduce 
neonatal morbidity. 

Any deterioration in the status of either the mother or the 
fetus may necessitate urgent delivery. Early detection of 
maternal or fetal complications or deterioration in their 
clinical status and prompt therapy and delivery may be 
responsible for infrequent maternal complications. Such 
management with frequent and daily monitoring of maternal 
and fetal status is essential and should be practiced only at a 
tertiary care center. Chari and colleagues (106) studied 68 
women with severe pre-eclampsia remote from term who 
underwent expectant management with daily fetal testing until 
delivery. In this study, patients who had non-reassuring fetal 
testing were delivered. Neither stillbirths nor fetal compromise 
at birth occurred in patients undergoing daily antenatal 
testing; thus the authors recommended daily testing in patients 
with severe pre-eclampsia managed expectantly. Odendaal and 
associates (85) recommended performing the nonstress test at 
least three times daily in this group of patients. However, such 
evaluation must be individualized. 


INTRAPARTUM MANAGEMENT 
Once a decision for delivery is made, vaginal delivery is 
preferable if possible, and a trial of labor may be warranted. 
It is generally accepted that pre-eclamptic women are at 
increased risk for convulsions during labor, compared with 
normotensive pregnant women. The risk for convulsions 
depends on the severity of the pre-eclamptic process. Women 
with gestational hypertension (absent proteinuria) are at a 
lower risk than those with proteinuric hypertension. The 
highest risk is usually in women with severe pre-eclampsia, 
particularly those remote from term, those with cerebral 
manifestations, and those with HELLP syndrome. The use of 
magnesium sulfate in patients with pre-eclampsia has been 
questioned for a long time. The incidence of eclampsia in pre- 
eclamptic women receiving magnesium sulfate is 0.15% to 
0.3% vs. 1.2% in pre-eclamptic women not receiving 
magnesium sulfate (107). As a result, all women who are 
diagnosed to have pre-eclampsia should receive parental 
magnesium sulfate during labor. Magnesium sulfate has been 
the drug of choice for the prophylaxis of eclamptic seizures in 
the United States. Other agents (diazepam, clomethiazole, 
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barbiturates, and phenytoin) or no agent at all have been used 
for the same purpose in Europe and Australia. The most 
commonly used regimens of magnesium sulfate administra- 
tion are the standard intramuscular regimen of Pritchard (4 g 
IV with 10 g IM load, 5 g IM every 4 hours) and the 
intravenous regimens of Zuspan (4 g load, 1-2 g/hr) and Sibai 
(6 g load, 2 g/hr). Phenytoin has proved to be an effective 
anticonvulsant in the setting of pre-eclampsia and eclampsia, 
and was considered by some to be a desirable alternative to 
magnesium sulfate, especially because phenytoin possesses 
certain advantages (more rapid cervical dilatation and a 
smaller drop in hematocrit) and fewer side effects (108). Lucas 
and colleagues (109) conducted a randomized study compar- 
ing the use of magnesium sulfate with phenytoin in the 
prevention of eclampsia. They found that magnesium sulfate 
was clearly superior to phenytoin when given prophylactically 
for eclamptic seizures to women with peripartum hyperten- 
sion. In fact, 10 of the 1089 women randomly assigned to the 
phenytoin regimen had eclamptic convulsions, compared with 
none of the 1049 women assigned to magnesium sulfate. 
Phenytoin is an acceptable alternative to magnesium sulfate in 
patients with renal insufficiency, myasthenia gravis, or 
magnesium failure. 

Patients should receive close monitoring during labor and 
delivery and postpartum, with special attention to fluid intake 
and output. Patients with severe disease and those with the 
HELLP syndrome are at an increased risk for the development 
of pulmonary edema from fluid overload and from acute renal 
failure from blood loss during delivery or from hemolysis, or 
from a combination of both. Urinary output needs to be 
monitored frequently, and fluid administration should not 
exceed 150 mL/hr. If the patient develops oliguria (<100 mL/ 
4 hr), both the rate of fluid administered and the dose of 
magnesium sulfate may be adjusted appropriately. 


Antihypertensive Drugs in Severe Pre-eclampsia 
Empirically, antihypertensive therapy is recommended for 
systolic blood pressure exceeding 160 mmHg and diastolic 
blood pressure of >110 mmHg in order to protect the patient 
from the complications of severe hypertension, especially 
stroke. The aim of therapy is to maintain the blood pressure 
within the range of 140 to 150 mmHg systolic and 90 to 
100 mmHg diastolic or to initially reduce mean arterial 
blood pressure by no more than 20% from baseline values. 
Antepartum diuretics are not needed, except in the presence 
of pulmonary edema. Irrespective of the antihypertensive 
drug used, care must be taken not to lower blood pressure 
excessively, as this may exacerbate maternal cerebral ischemia, 
decrease renal function, or jeopardize fetal well-being by 
decreasing cerebral, renal, and placental blood flow. Attempts 
should be made to reduce the blood pressure to a safe range 
within 4 hours of diagnosis. The doses are usually titrated to 
blood pressure response. Comparative trials have not shown 
one agent to be superior in the acute management of severe 
hypertension in pregnancy (101,110). (Table 11) 

Hydralazine is given in sequential intravenous boluses of 5, 
5, and 10 mg at intervals of 15 to 20 minutes until a satisfactory 
response is achieved. Hydralazine causes a direct relaxation of 
arterial smooth muscle, resulting in stimulation of the 
sympathetic nervous system and causing an increased reflex 
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Table 11 Treatment of Severe Hypertension 


Class Drug Onset (min) 
Arterial dilator Hydralazine 10-20 
Calcium channel blocker Nifedipine 10 
Alpha/beta-blocker Labetalol 5 
Arterial/venous dilator Sodium nitroprusside 0.5-5 


heart rate and contractility. Maternal side effects include 
flushing, headache, palpitations, nausea, and vomiting. 
Uteroplacental perfusion may decrease following parenteral 
administration leading to fetal heart rate decelerations. 
The onset of drug effect may be 20 to 30 minutes, reaching 
a peak at 60 minutes from administration. Therefore, the drug 
may accumulate after continuous intravenous infusion, 
resulting in overshoot hypotension. 

Nifedipine is started at an initial oral dose of 10 mg. It is then 
repeated in 20 to 30 minutes as necessary (10, 10, 20 mg). The 
total dose of short-acting nifedipine should not exceed 120 mg 
over a 24-hour period. 

In a randomized clinical trial, Fenakel and colleagues (100) 
compared the effects of nifedipine with hydralazine in patients 
with severe pre-eclampsia. Nifedipine produced a more 
predictable reduction in blood pressure without being 
associated with sudden or excessive falls in blood pressure. 
This characteristic is an important factor in the avoidance of 
acute fetal distress from sudden hypotension in pre-eclamptic 
patients who frequently have compromised uteroplacental 
blood flow. Only one of the 24 nifedipine subjects developed 
signs of acute fetal distress, as opposed to 11 of the 25 
hydralazine patients. The longer duration of action by 
nifedipine resulted in fewer doses necessary to achieve blood 
pressure control. 

Labetalol is administered in repeated bolus intravenous 
injections. The starting dose is 20 mg, and if no improvement 
in blood pressure is noted, repeated doses of 20, 40, and 80 mg 
may be given every 10-20 minutes to a maximum total dose of 
300 mg. When compared with hydralazine, labetalol has fewer 
side effects including less headache, quicker onset of action, 
and smoother reduction in blood pressure (101). 

Sodium nitroprusside is a potent arterial and venous dilator. 
It is given in a continuous intravenous infusion beginning at a 
rate of 0.2 mg/kg/min. It has a rapid action, with short 
duration. Because of the potent hypotensive properties of the 
drug, invasive arterial pressure monitoring is recommended. It 
should be used only in extreme emergencies in pregnancy, 
because of the potential risks of fetal cyanide poisoning and 
metabolic acidosis (111). 


Anesthesia 

There is controversy about the use of epidural analgesia/ 
anesthesia in women with pre-eclampsia. Some authors 
believe that the administration of epidural anesthesia in 
women with severe pre-eclampsia is detrimental to both the 
mother and the fetus, owing to possible profound hypoten- 
sion. Other studies have demonstrated, however, that admin- 
istration of epidural anesthesia in women with pre-eclampsia 
has a favorable effect on maternal hemodynamics, decreases 
catecholamine levels, and improves intervillous as well as 
umbilical blood flow (112-115). Ramanathan and colleagues 
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Peak (min) Dose 
60 5-10 mg IV every 15-30 min 
60 10-20 mg orally every 30 min, max 120 mg/d 
60 20-40-80 mg IV every 10-20 min up to 300 mg 
5 0.2-5.0 mg/kg/min 


(115) prospectively compared the effects of lumbar epidural 
(n=11) and general (n=10) anesthesia on the hemodynamic 
and neuroendocrine stress response to cesarean delivery in 21 
women with severe pre-eclampsia. The authors found that, in 
the epidural group, there was a decrease in mean arterial 
pressure, and the concentrations of adrenocorticotropic 
hormone, beta-endorphin, and catecholamine decreased or 
remained unchanged during the procedure. By contrast, 
patients receiving general anesthesia demonstrated a signifi- 
cant increase in both mean blood pressure and the concentra- 
tion of the various hormones studied. In addition, neonatal 
outcomes were similar in both groups. It is our opinion that 
the epidural is the anesthetic of choice in women with pre- 
eclampsia. Care must be taken to avoid fluid overload during 
pre-epidural fluid boluses. However, its use is contraindicated 
in patients with coagulopathy and/or acute fetal distress. For 
patients with the HELLP syndrome, the use of pudendal block 
is contraindicated. 


Postpartum Management 

Following delivery, the patient should continue to be closely 
monitored for 12 to 24 hours, during which time maternal 
vital signs including reflexes, and intake and output, should be 
monitored hourly. Twenty-five percent of cases of eclampsia 
are reported to occur postpartum; therefore, observation is 
mandatory. Salt restriction and diuretics are most often not 
needed. Most patients will show evidence of resolution of the 
disease process within 24 hours. The best sign of pre-eclampsia 
resolution is spontaneous diuresis. 

Some, however, mainly those with severe disease in the mid- 
trimester, and those with HELLP syndrome, require intensive 
observation for greater than 24 hours. In such patients, 
magnesium sulfate may be needed for an extended period of 
time. In addition, these patients are at increased risk for the 
development of pulmonary edema from fluid overload, fluid 
mobilization, and compromised renal function (116). 

If the patient develops severe hypertension during this time, 
the blood pressure may be controlled with oral nifedipine. In a 
double-blind study, Barton (117) evaluated the effect of 
nifedipine in postpartum patients with severe pre-eclampsia 
before delivery. They found oral nifedipine to be effective in 
the control of blood pressure as well as improving urine 
output during the 24 hours after delivery. In a subsequent 
report, Barton (118) studied the pharmacokinetic and 
pharmacodynamic parameters of oral nifedipine use in the 
immediate postpartum period. Based on the clinical pharma- 
cology in this setting, they suggested that dosing should be 
every 3—4 hours. Most patients will be normotensive at the 
time of discharge from the hospital. A few patients may 
continue to have significant hypertension, and this can be 
controlled with additional oral blood pressure medications. 
Prophylactic anticonvulsive drugs such as phenobarbital are 
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not needed. The patient is then seen at weekly intervals until 
her blood pressure is in the normal range without the use of 
medication. If this change does not occur by 6 weeks, a 
workup to assess hypertension should be performed. 


LONG-TERM IMPACT 

The long-term effects of pre-eclampsia and gestational 
hypertension on maternal and fetal well-being are only now 
being realized. 


Maternal 

Multiple studies have demonstrated an increase in maternal 
cardiovascular morbidity following hypertensive disorders of 
pregnancy. Recently, Magnussen and colleagues (119) de- 
scribed a prospective study of 15,065 women to assess impact 
of hypertensive disease in pregnancy on maternal cardiovas- 
cular risk. The association of increased cardiovascular risk was 
stronger with hypertensive disease in more than one 
pregnancy or in whom it developed late in their reproductive 
career. For example, those with two episodes of pre-eclampsia 
were 10 times more likely to require medication to control 
blood pressure at follow-up. In addition, women with a history 
of pre-eclampsia were more likely to develop diabetes 
(adjusted odds ratio 2.8 after adjustment for current BMI.) 
In a 2010 case-control study comparing three groups of 
women (history of HELLP, history of pre-eclampsia, and 
normal pregnancy), Strobl (120) noted that 13 to 18 years after 
the affected pregnancy, those women in the HELLP and pre- 
eclampsia groups were more likely to have impaired cardiac 
function on echocardiogram. Additionally, there were more 
women in these groups on anti-hypertensive medications. 


Child 
The impact of hypertensive disease in pregnancy on the child is 
now a focus of increasing research. A prospective case-control 
trial by Tenhola and colleagues (121) compared 57 children of 
pre-eclamptic pregnancies with 57 born from gestational age- 
matched unaffected pregnancies. When comparing blood 
pressure as well as plasma catecholamines, those exposed to 
pre-eclampsia had higher blood pressure. Those children with 
hypertension were more likely to have been born small-for- 
gestational age. Additionally, a small increase in plasma 
epinephrine levels was noted in these children. There was no 
difference in the norepinephrine levels between groups. 
Palmsten and colleagues (122) examined a cohort that was 
followed from pregnancy into adulthood as a part of the 
Collaborative Perinatal Project and the New England Family 
Study. Adults born from hypertensive disorders of pregnancy 
were more likely to have increased blood pressure as adults. 
These findings remained after adjustment for gestational age at 
birth and birth weight. Exposure in utero of the fetus to 
oxidative stress is one possible explanation for these results. 
The Helsinki Birth Cohort Study described by Kajantie and 
colleagues (123) included 6410 individuals born in the period 
1934 to 1944. Of these pregnancies, 284 were complicated by 
pre-eclampsia and an additional 1592 complicated by gesta- 
tional hypertension. While it was found that individuals born 
of these pregnancies are more likely to be at an increased risk 
for stroke (relative risk 1.4-1.9), no association with coronary 
heart disease was found. The elevation in risk of stroke is 


6.11 


hypothesized to be secondary to disordered local response of 
blood vessels as a result of impaired in utero growth. 
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Q Placenta previa and placental abruption 


Ann K. Lal and William J. Watson 


Antepartum hemorrhage can be divided into obstetric and 
non-obstetric causes. Frequent non-obstetric causes of ante- 
partum vaginal hemorrhage include cervicitis, cervical polyps, 
cervical cancer, or vaginal lacerations. In the third trimester, 
the main clinically important causes of antepartum hemor- 
rhage are placenta previa and placental abruption. When the 
clinician is evaluating a patient with antepartum hemorrhage, 
a precise diagnosis is needed so that proper management can 
be expeditiously implemented. 


PLACENTA PREVIA 

Placenta previa is defined as abnormal placental implantation 
over the cervical os. There are several variants of this 
definition. A low-lying placenta occurs when the placenta 
implants in the lower uterine segment; the placental edge lies 
near, but not over the cervical os. A low-lying placenta is not 
considered a category of placenta previa, but it is a form of 
irregular placentation, which may cause vaginal bleeding when 
the lower uterine segment develops during labor. When the 
edge of the placenta lies exactly at the internal cervical os, a 
marginal placenta previa is present. A complete placenta previa 
occurs when the internal cervical os is completely covered by 
the placenta. Clinicians refer to a “central previa” when the 
center of the placenta is covering the internal os of the cervix 
(Figs. 1 and 2). The term “partial placenta previa” in which 
part of the placenta covers the internal os of the cervix is not 
clinically useful, given the above definitions. 


Epidemiology 

Placenta previa is thought to be caused by an implantation 
abnormality. With increasing gravity and parity, for example, 
the underlying endometrium may be damaged, and in 
subsequent pregnancies, the embryo may implant in the lower 
uterine segment because it is a potentially more suitable site 
(1). The incidence of placenta previa complicating pregnancy 
is 0.26% to 1% (2,3). In gravidas with parity of five or greater, 
the incidence increases to 2.2% (4). 

There are many known risk factors for placenta previa. One 
of the most significant risk factors is prior cesarean delivery. In 
a patient with two prior cesarean deliveries, the risk of previa is 
approximately 1.9%; this increases to 4.1% in those with three 
or more previous cesareans (5). If a patient with a prior 
cesarean section has a placenta previa in a subsequent 
pregnancy, the probability that the previa will persist until 
the term is increased (Table 1) (6). 

A history of placenta previa confers an eightfold increased 
risk of previa in a subsequent pregnancy (7). A history of prior 
uterine curettage is a risk factor for previa, most likely due to 
the endometrial scarring from the surgical procedure (8). 
Advanced maternal age also increases the risk for the 
development of placenta previa. One report found that in 


women of age 19, the risk of previa was 1/1500, but the 
incidence of previa increased to 1/100 in gravidas greater than 
35 years old (3). Smoking poses a twofold elevated risk for the 
development of placenta previa. This is thought to be 
secondary to carbon monoxide-induced hypoxemia, which 
causes placental hypertrophy and impaired decidual vascular- 
ization (9). Likewise, an amplified risk is noted in patients who 
live at higher altitudes, most likely due to an increased 
placental surface area (10). 


Clinical Presentation 

The classic presentation of placenta previa is painless sudden 
vaginal bleeding. The first episode of bleeding is called the 
“sentinel bleed.” Most sentinel bleeds occur after the 28th 
week of gestation. About 70% of patients with placenta previa 
experiencing an antepartum hemorrhage will have this occur 
prior to 34 weeks of gestation (11). This painless hemorrhage 
usually has an onset without previous signs or symptoms. 
Fortunately, most initial bleeds are small and stop sponta- 
neously. In patients with marginal placenta previa, it is more 
likely that the sentinel bleed will occur with the onset of labor. 
The cause of this bleeding is the development, or thinning, of 
the lower uterine segment and dilation of the cervix, which can 
cause dissociation of the placental connection to the uterus. 
This bleeding is augmented by the fact that the lower uterine 
segment has less contractile activity and is therefore impaired 
in its ability to constrict and stop ongoing hemorrhage. Bhide 
et al. studied 121 patients with low-lying placenta and placenta 
previa and noted that in cases of partial or marginal placenta 
previa, 57% had antepartum hemorrhage (12). The risk of 
bleeding with low-lying placenta was inversely related to the 
distance of the placental edge from the cervical os. 


Diagnosis 
The diagnosis of placenta previa is clinically important when a 
patient presents with antepartum hemorrhage. Among 
patients with placenta previa, specifically those with ante- 
partum hemorrhage, the average gestational age at diagnosis is 
32 weeks. Classical teaching is that pelvic exams are contra- 
indicated in a patient with antepartum hemorrhage and 
unknown placental location. Before the availability of accurate 
real-time ultrasound, if a pelvic exam was to be performed in a 
patient with vaginal bleeding in the latter half of pregnancy, a 
double setup was required. A double setup is a digital cervical 
exam performed in the operating room with the necessary staff 
and equipment ready to perform an immediate cesarean 
delivery should heavy bleeding occur. Current ultrasound 
technology has made the double setup exam obsolete and 
relegated this procedure to the history books. 

Initially, transabdominal ultrasound was used for diagnosis. 
Transabdominal ultrasonography, however, may be limited by 
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Figure 1 Abdominal ultrasound image of complete placenta previa, with a 
cervical length of 3.24 cm. 


Figure 2 Transvaginal ultrasound image of complete placenta previa. 


Table 1 Risk Factors for Placenta Previa 


Prior cesarean delivery 
Prior uterine curettage 
Cigarette smoking 


Prior placenta previa 
Multiparity 
Advanced maternal age 


difficulty visualizing a posterior placenta, difficulty visualizing 
the lower uterine segment secondary to fetal positioning, and 
poor visualization in cases of maternal obesity (13). Although 
pelvic examination is contraindicated, clinical experience has 
shown that transvaginal ultrasound is safe to perform in 
patients with placenta previa (14). It has also been proven to be 
superior to abdominal ultrasound as diagnostic tool (15). 
Translabial ultrasounds can be of diagnostic assistance, but 
this technique does not appear to offer an advantage over 
transvaginal sonography. With the improved diagnostic 
accuracy of transvaginal ultrasound, in cases with a low-lying 
placenta, the ultrasound report should state the actual distance 
of the placental edge from the cervical os (13). 


Natural History 
If placenta previa is diagnosed at less than 24 weeks of 
gestation in an asymptomatic patient, a repeat ultrasound 
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should be performed at 32 weeks. This is done because 90% of 
placenta previas diagnosed at mid-trimester will resolve by 
term (16). The chance that the placenta previa will continue 
until term depends on whether it is marginal or complete. 
Zelop and colleagues found that complete placenta previa will 
persist at delivery 26% of the time, while a marginal placenta 
previa will persist only 2.5% of the time (17). If the placental 
edge is not touching the internal os at mid-trimester scan, the 
chance of a placenta previa at term is remote (15,18). Mustafa 
and colleagues, in a study of 337 gravidas examined by 
transvaginal ultrasound, found that in the general population, 
42.3% had placenta previa at 11 to 14 weeks, 3.9% had previa 
at 20 to 24 weeks, and 1.9% had previa at term (19). 

Because of the clinical observation that placenta previa 
diagnosed early in pregnancy often resolves later in pregnancy, 
the question of placental migration must be addressed. The 
phenomenon of placental migration can be attributed to two 
underlying causes (20). The first is trophotropism, which 
states that the placenta migrates toward areas of better 
endometrial vascularity. The second is that the placenta 
appears to migrate because it undergoes atrophy of the areas 
implanted over the cervical os, due to inadequate blood 
supply. Another hypothesis is that the placenta moves away 
from the cervical os as the lower uterine segment develops. 
The lower uterine segment extends during pregnancy and has 
been shown to change its total length from 0.5 cm at 20 weeks 
to 5cm at term (21). It is noteworthy that the rate of placental 
migration appears to be variable (18). 


Clinical Care 

In patients with placenta previa, delivery occurs at a gestational 
age less than 36 weeks over 50% of the time. Because of this, 
careful management decisions must be made both in patients 
with a known diagnosis of previa and in those who present 
symptomatically with vaginal bleeding. The clinician must 
consider both maturity of the infant and maternal well-being. 

In present-day obstetric practice, most cases of placenta 
previa are diagnosed early in pregnancy, and thus, manage- 
ment and delivery plans are started very early in pregnancy. No 
activity restrictions appear to be necessary in a stable patient 
without clinical symptoms prior to 28 weeks of gestation. 
Some clinicians advise against intercourse after the diagnosis is 
made early in pregnancy, but there is no objective data to guide 
the clinician. After 28 weeks of gestation in an asymptomatic 
patient, there are a few basic principles which are followed. 
Patients are counseled to present to the labor and delivery unit 
early with any sign of hemorrhage, and they are advised to 
avoid strenuous physical activity and sexual intercourse (8). 
Follow-up should include ultrasounds to assess the placental 
location. If the placenta previa resolves during this time of 
follow-up, no further evaluation is needed and the patient is 
free from activity restrictions. If, however, the placenta previa 
persists to the third trimester, the clinician should continue to 
follow serial ultrasounds and the patient should continue with 
activity restrictions. 

In the clinical management of gravidas who present with 
preterm bleeding, the initial management should consist of 
admission to the labor and delivery unit with continuous fetal 
heart monitoring and monitoring of maternal vital signs. Large- 
bore intravenous access should be established in the mother. 


PLACENTA PREVIA AND PLACENTAL ABRUPTION 


Initial laboratory evaluation includes hemoglobin, hematocrit, 
platelet count, type and screen, and coagulation studies; Rh- 
immune globulin should be administered to Rh-negative 
gravidas. If the gestational age is <34 weeks, antenatal 
corticosteroids should be administered. Depending on the 
location of the institution and availability of neonatal care, 
transfer to a larger facility should be considered. Transfer of an 
actively bleeding patient may not be possible because of the 
maternal risk during transport. Of gravidas who present with an 
initial bleeding episode greater than 500mL, 50% will not 
require immediate delivery (10). Only 5% who present initially 
with profuse vaginal bleeding need immediate delivery (22). 

When patients with placenta previa present with a sentinel 
bleed, many experience uterine contractions or uterine 
irritability, which may augment the bleeding. Tocolytic 
therapy may decrease uterine irritability and decrease bleeding 
that is occurring secondary to uterine contractions (23). 
Depending on the clinical presentation, tocolysis can be 
utilized. Magnesium sulfate may be a better choice when 
compared with beta-mimetics, due to a lesser effect on the 
maternal cardiovascular status (24). In one retrospective study 
by Towers et al., 72% of patients diagnosed with placenta 
previa received tocolytic agents. The mean birth weight of 
infants born to mothers who had received tocolytics was 
2276 versus 2076 g for those who did not receive tocolytic 
therapy (25). Neither the need for blood transfusion was 
increased in patients who received tocolytic therapy nor the 
maternal morbidity. Besinger et al. found that in the group of 
patients who received tocolysis, the mean birth weight was 
2520 versus 2124 g in the no tocolytic group (26). 
Additionally, delivery was 39.2 days from admission in the 
group that received tocolytics versus the group that did not, 
where it was 26.9 days. In this study, both short-term and 
long-term tocolyses were used. In patients receiving only 
short-term intravenous magnesium sulfate treatment, the time 
until delivery was 15.3 days. In patients receiving longer term 
tocolysis, the delay until delivery was 40.9 and 47.4 days, 
respectively. This was statistically significant from the short- 
term application of tocolytics only (26). Similarly, a study by 
Sharma and colleagues using ritodrine as a tocolytic showed 
prolonged time to delivery, higher mean birth weight, no 
difference in bleeding episodes between the two groups, and 
an acceptable maternal and fetal safety profile (27). 

The use of any tocolytic is controversial in modern obstetric 
practice. Specifically in the case of a stable patient with 
placenta previa and contractions, there are no prospective 
studies to guide the clinician. Tocolysis is appropriate to use 
during maternal transport. We think that tocolysis with a non- 
beta-mimetic is reasonable during the 48-hour window of 
steroid administration. There is no convincing evidence that 
use of long-term tocolysis in this clinical circumstance is 
beneficial. The use of a prophylactic tocolytic agent, such as 
17-alpha-hydroxyprogesterone, to prevent the development of 
the lower uterine segment and possibly delay the onset of the 
sentinel bleed has not been investigated. 

The conservative management of patients who are carrying 
preterm infants and are clinically stable after an initial 
antepartum hemorrhage includes expectant management with 
in-hospital bed rest. This in-hospital management includes 
daily fetal monitoring, fluid management, maternal blood 
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transfusion, if needed, and fetal lung maturity tests (25). Lam 
et al. assessed patients with known placenta previa and found 
that the overall incidence was 0.9%, with 60% of the patient 
experiencing antepartum hemorrhage (11). Between the 
patients who experienced an antepartum hemorrhage and 
those who did not, there was no difference in their age, parity, 
initial hemoglobin level, previous elective abortions, previous 
spontaneous abortions, previous dilation and curettages, prior 
cesarean sections, and history of placenta previa. In the group 
of patients presenting with antepartum hemorrhage, there was 
an increase in antenatal corticosteroid use, tocolytic admin- 
istration, and an increase in emergency cesarean sections. With 
conservative management, this same study showed that the 
mean interval between bleeding and delivery via cesarean 
section was 3 weeks. Less than 25% of women had cesarean 
sections within 1 week of the initial presentation with bleeding. 

In patients with previa who present with an initial bleeding 
episode and remain clinically stable without bleeding for 
48 hours of observation, some might be eligible for outpatient 
management (20). For a patient to be eligible for outpatient 
care, she must understand her diagnosis and its implications. 
She should also live in close proximity to the hospital and have 
constant access to a telephone and transportation. In a 
randomized controlled trial by Wing and colleagues evaluating 
the significant differences in outcome between inpatient and 
outpatient management, there was no significant difference in 
mean time interval from enrollment to delivery, mean 
gestational age of the infant at delivery, birth weight, neonatal 
intensive care unit (NICU) admissions, and neonatal morbid- 
ity (22). Only 5 of 26 patients initially randomized to 
outpatient care had to be admitted for a third episode of 
bleeding, which was the criterion for changing groups in this 
study. Similar numbers of inpatients and outpatients had a 
second episode of vaginal bleeding (22). In Love’s retro- 
spective study assessing management strategy for placenta 
previa, the need for urgent delivery, defined as delivery within 
4 hours of the presenting episode of vaginal bleeding, was 
unpredictable and showed no association with the number of 
bleeding incidents, the type of placenta previa, or outpatient 
management (28). Moreover, in women with placenta previa 
managed on an outpatient basis who needed an immediate 
delivery, there was no increase in maternal or neonatal 
morbidity and mortality (28). The decision for outpatient 
management needs to be individualized, with an emphasis on 
careful patient selection and education prior to discharge. 

In most all patients with placenta previa, the mode of 
delivery must be cesarean section. Timing of delivery is a 
delicate balance between the risk of maternal bleeding and fetal 
prematurity. Without acute bleeding, delivery can be accom- 
plished at 36 weeks with or without an amniocentesis. In a 
patient with any bleeding at a gestational age >34 weeks, it is 
reasonable to deliver her. In patients with a marginal placenta 
previa, greater than 2cm from the internal cervical os, a 
vaginal delivery can be attempted; however, the facility and 
clinician must be prepared for immediate cesarean delivery. 
Additionally, there is an increased risk for postpartum 
hemorrhage in these patients (15). 

During the cesarean delivery, two to four units of packed 
red blood cells should be readily available. The clinician should 
be prepared for significant postpartum hemorrhage. Ideally, 
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the placenta should not be disrupted with the hysterotomy. 
However, a transverse incision will most often extend through 
the placenta and, nonetheless, maternal and fetal outcomes 
remain good. The fetus should be delivered expeditiously 
when going through the placenta after hysterotomy. During 
the delivery, risk factors for blood transfusion include use of 
general anesthesia, history of cesarean delivery, and the need to 
perform a cesarean hysterectomy (29). In the case of previa 
with prior cesarean and suspected accreta, the incision should 
be made vertically, high on the uterus, above the placental 
implantation site. 

Postpartum hemorrhage is a known risk that may occur 
after cesarean section for placenta previa. Hemostasis can be 
attempted with intravenous or intramuscular oxytocin, 
methylergonovine, carboprost, or uterine massage. These 
techniques may not be effective because the bleeding is 
coming from the lower uterine segment, which may not 
contract down well after delivery. If bleeding continues, the 
physician can try uterine artery ligation, bilateral ligation of the 
internal iliac artery, or cesarean hysterectomy as a last resort. 
Additional procedures to try during surgery include circular 
isthmic-cervical suture placement and parallel vertical 
compression sutures. Cervical isthmic sutures obstruct the 
site where the placenta was abnormally attached by interrupt- 
ing the uterine blood flow below the placental implantation 
site (30). Dedes reported no complications from the suture 
placement; hysterectomy was not needed, and at ultrasono- 
graphy performed 6 weeks after delivery, no abnormalities 
were demonstrated. Vertical compression sutures placed in 
the lower uterine segment can also help to achieve control of 
postpartum hemorrhage in patients with abnormal placenta- 
tion (31). These sutures were found to effectively control 
bleeding in 14 women in whom they were placed, without 
intraoperative complications. Additionally, all women had a 
normal ultrasound 1 month postpartum and resumed 
normal menstrual flow after the conclusion of breastfeeding. 
If all other means for obtaining hemostasis have been 
attempted, and bleeding continues despite abnormal mater- 
nal coagulation status, cesarean hysterectomy can be 
performed. In one report, the most common cause for 
cesarean hysterectomy was placenta accreta (51.1%), fol- 
lowed by placenta previa at 26.7% (32). 


PLACENTA ACCRETA 

A significant risk associated with placenta previa is placenta 
accreta. Placenta accreta is abnormal attachment of the 
placenta, with an absence of deciduas basilas and an 
incomplete development of the fibrinoid layer. More severe 
variants are placenta increta and percreta, with placental 
extension into the myometrium and through the myome- 
trium, respectively. Two significant risk factors for placenta 
accreta formation are history of a prior cesarean section and a 
diagnosis of placenta previa. In a patient with a placenta previa 
and no prior uterine scar, the risk of an accreta is 3%. 
However, in patients with one cesarean section and a previa, 
the accreta risk is 11% and increases to 67% in those with four 
prior cesareans (33). In the absence ofa placenta previa, placenta 
accreta is rare (34). Because of the significant risk associated with 
placenta accreta, investigators have attempted to elucidate 
ultrasonographic signs to accurately diagnose this condition. 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


Multiple irregular vascular spaces in the placenta have been 
associated with accrete (Figure 3) (15). Other ultrasonographic 
signs include loss of the normal hypoechoic zone behind the 
placenta, focal exophytic masses in the placental bed, and a 
disturbed bladder-uterine connection (33,35). Doppler may also 
be helpful in making this diagnosis (33,35). MRI can also be used 
as an adjuvant tool to assess placental invasion. In one study 
when the placenta was implanted anteriorly overlying a previous 
cesarean section scar, 29% of cases were accreta (34). The major 
morbidity associated with accreta is postpartum hemorrhage and 
maternal blood loss; 55% of cases require blood transfusion, and 
in 15% of cases, there can be more than 5 liters of blood loss (34). 
Other surgical complications include ureteral transection, 
cystotomy, disseminated intravascular coagulation, hypotensive 
shock, and enterotomy. 


VASA PREVIA 

Vasa previa is defined as fetal blood vessels running through 
the membranes over the maternal cervix, unprotected by 
either the umbilical cord or the placenta (Figure 4). It is 
associated with velamentous umbilical cord insertion. With 
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Figure 3 Placenta previa and accreta seen on ultrasound with multiple 
vascular lacunae present. 


Figure 4 Ultrasonographic depiction of vasa previa with fetal vessels, 
unprotected by umbilical cord, evident by Doppler ultrasound between fetal 
head and cervix. 
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the rupture of membranes, these fetal vessels can rupture and 
result in significant fetal bleeding. The fetus can lose a large 
portion of its blood volume; therefore, this condition is 
associated with a high fetal mortality rate (8). It is also 
noteworthy that vasa previa can be present after a low-lying 
placenta is visualized on a second-trimester ultrasound (15). 


POST-DELIVERY COMPLICATIONS 

The clinician also needs to be aware of post-delivery 
complications. Placenta previa is rarely associated with 
coagulopathy. Massive blood loss per se can be associated 
with coagulopathy (see chapter on postpartum hemorrhage). 
However, in a study by Wing and colleagues, fibrinogen was 
abnormal in only 1.1% of the cases, and prothrombin times 
were normal in all of the women with symptomatic placenta 
previa who were studied (36). In patients with placenta previa, 
there is a significant increased risk of postpartum hemorrhage, 
probably due to the poor contractility of the lower uterine 
segment. In one report, 8.3% of women with previa had 
postpartum hemorrhage, even without a diagnosis of placenta 
accreta (12). Hemoglobin and hematocrit are most likely to be 
abnormal of the initial laboratory studies (36). After massive 
blood loss, complications from hypotension can occur, 
including acute tubular necrosis and Sheehan syndrome. 


FETAL RISKS 

The most significant fetal complication is prematurity. The 
mean gestational age at delivery is 34 to 35 weeks of gestation. 
Lam et al. found that 60% of infants were born at less than 37 
weeks, in 26% the infant was born at less than 34 weeks, and in 
5% delivery occurred at less than 30 weeks (11). Because of 
this increase in premature birth rates, the neonatal mortality 
rate is increased threefold. Importantly, however, when 
controlled for gestational age at delivery, there is no 
association with intrauterine growth restriction. There is not 
a difference in the birth weight of term infants (11). There is a 
slightly elevated risk of fetal anemia. In women with placenta 
previa who experience antepartum hemorrhage, neonatal risks 
include respiratory distress syndrome, lower birth weight, 
lower Apgar scores, and an increase in NICU admission (11). 


SPECIAL CIRCUMSTANCES 

First-trimester bleeding is a common problem for an 
obstetrician. Typically, placenta previa is not associated with 
first-trimester bleeding; it has been shown, however, that 
threatened abortion is a 2.5-fold increased risk factor for 
placental abruption and placenta previa (37). Varma found 
that if a placenta previa is detected with ultrasound in the first 
trimester or early second trimester, it is linked to an increase in 
vaginal bleeding during pregnancy, an increased rate of 
spontaneous abortion, and an increased chance of a placenta 
previa persisting to a later gestational age (38). Obed and 
colleagues examined 374 patients with threatened abortion; 
they found that 2% had placenta previa, compared with a 
control group rate of 1% for the same diagnosis (37). 

While second-trimester bleeding is less common than first- 
trimester bleeding, if bleeding does occur, it is necessary to 
elucidate the cause of the bleeding. Two common causes are 
placenta previa and non-previa bleeding that is most likely 
associated with placental abruption (39). Towers and Burkhart 
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found that in gravidas who bleed between 16 and 24 weeks, 
the best outcomes were associated with light bleeding, 
whether or not the patient was diagnosed with a placenta 
previa. The worst outcome was associated with a patient who 
presented with heavy vaginal bleeding, not attributed to a 
placenta previa; 50% of these pregnancies were lost prior to 
viability (39). 

A patient with a known placenta previa and either an 
intrauterine fetal demise or a fetus with chromosomal or 
structural abnormalities diagnosed in the second trimester 
presents a special problem for the clinician. In these patients, 
the safest approach for termination of the pregnancy needs to 
be decided. Halperin retrospectively studied 306 gravidas; 
2.6% had a complete placenta previa and underwent laminaria 
placement and subsequent dilation and evacuation (40). This 
study found no difference in operative time, the need for 
packed red blood cells, postoperative morbidity, duration of 
hospital stay or bleeding with laminaria placement, when 
comparing those with and without placenta previa. In 
Thomas’s retrospective study, there was slight increase in 
blood loss in patients with placenta previa; however, there was 
no increase in blood transfusion, infection, or postoperative 
complications (41). Most patients with placenta previa have a 
previous cesarean section; however, it has been shown that 
even in patients with prior uterine surgery who undergo 
laminaria placement and subsequent dilation and evacuation, 
there is no increase in anesthetic complications, uterine 
perforation, mean operative time, or cervical lacerations (42). 

In pregnancy complicated by placenta previa with fetal 
demise or fetal anencephaly after 22 weeks of gestation, 
hysterotomy is the generally accepted practice for delivery. 
It may be possible in rare cases, after fetal demise has 
occurred, to attempt vaginal delivery by expectantly 
managing the patient, allowing the vascularity of the 
placenta to decrease. There are risks of conservative 
management in such cases, which include bleeding and 
coagulopathy. Delivery must occur in a facility where 
immediate cesarean can be performed. In such cases, 
maternal care must be individualized. 


PLACENTAL ABRUPTION 

Placental abruption is defined as separation of the placenta 
from the maternal endometrium that occurs before birth. This 
leads to bleeding at the site of separation from local maternal 
blood vessels. Most often, the maternal blood then tracks 
downward between the fetal membranes and uterine wall and 
comes out of the cervix. If this bleeding remains trapped 
behind the placenta and is not clinically evident, then the 
abruption is “concealed.” This occurs in approximately 10% of 
cases. This placental separation may occur secondary to an 
acute process, such as maternal trauma, or from a chronic 
process, such as maternal smoking. 

The etiology of abruption is unknown. Some cases are 
associated with rapid changes in uterine size or shape. This is 
the case with maternal trauma or abruption that can occur 
after delivery of one fetus in a multifetal pregnancy or after 
reduction amniocentesis. Other cases may be related to acute 
vascular changes in the mother, such as that which may occur 
after maternal cocaine use. Abruption may also occur in 
association with chronic placental disease. It is known that 
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Table 2 Risk Factors for Placental Abruption 


Maternal trauma 

Maternal cocaine use 

Abruption in a previous 
pregnancy 

Reduction amniocentesis 


Cigarette smoking 
Hypertension during pregnancy 
Premature rupture of membranes 


Polyhydramnios 
Chorioamnionitis 
Disorders of maternal Advanced maternal age 


fibrinogen 


abruption is increased, for example, in gravidas with elevated 
maternal serum alpha fetoprotein levels. Low Papp-A levels are 
similarly associated with abruption. Serum levels of placental 
growth factor are decreased in gravida who subsequently 
develop placental abruption (43). Thrombophilia disorders 
are common, and some studies have noted an association 
between thrombophilia and placental abruption (44-47). This 
association, however, does not establish thrombophilia as a 
cause of abruption. Newer prospective studies are finding little 
association between inherited thrombophilias and pregnancy 
complication such as placental abruption. Currently, there is 
no evidence that patients with a history of abruption and 
known thrombophilia should be treated with heparin during 
pregnancy for the prevention of abruption recurrence (48). It 
is reasonable to use folate to treat hyperhomocysteinemia in 
patients with prior abruption. Risk factors for abruption are 
shown in Table 2 (49-53). 

Clinical evidence of abruption occurs in approximately 1% 
of pregnancies (49). The frequency is higher than this if one 
considers abnormal placental findings in asymptomatic 
gravidas. The spectrum of clinical disease ranges from mild 
bleeding with a stable mother and baby to fetal death with 
heavy maternal bleeding and coagulopathy. It is estimated 
that an abruption of 50% of the placental surface volume will 
cause fetal mortality. Abruption severe enough to cause fetal 
loss is estimated to occur with a frequency of 1 in 830 births 
(54). Clinical observation indicates that abruption occurs 
most frequently during the gestational age of 24 to 26 weeks, 
with a decreasing frequency as the pregnancy progresses 
to term (49). Abruption is important clinically because it can 
be a cause of premature birth, with consequent increased 
perinatal mortality. 

The diagnosis of abruption is clinical. Clinical findings 
include uterine hypertonus with pain and vaginal bleeding. 
This helps the clinician to distinguish abruption from previa; 
with placenta previa, painless vaginal bleeding is most 
commonly seen. The diagnosis can be confounded because, 
as mentioned above, in some cases of abruption, bleeding is 
concealed and pain may be insignificant. Abruption should be 
suspected in a gravida who presents with abdominal or back 
pain, with vaginal bleeding, or even with symptoms of preterm 
labor. Typically the uterine contractions are described as high 
frequency/low amplitude. This pattern may occur as a focal 
uterine response to limit bleeding at the point of placental 
separation. The amount of vaginal bleeding observed may not 
correlate with the extent of abruption. Furthermore, the rate of 
progression or extension of abruption is unpredictable. 
Clinicians have noted “port-wine”-colored amniotic fluid in 
some cases of placental abruption. 
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The main usefulness of ultrasound lies in finding the 
placenta location and excluding placenta previa. It is well 
known that abruption may not be visible on ultrasound study, 
because the blood may be similar in appearance to the 
placenta. A retroplacental blood collection may also be 
hyperechoic or hypoechoic relative to the placenta. If a hyper- 
or hypoechoic mass is seen in a pregnant women with the 
classical presentation of abruption, then the sonographic 
accuracy for diagnosis of abruption is high. Sonography, 
however, cannot be used to exclude abruption. Nyberg et al. 
reviewed 57 cases of placental abruption sonographically and 
noted that acute hemorrhage was difficult to distinguish from the 
adjacent placenta and may be isoechoic with the placenta (55). 
Resolving hematomas became hypoechoic over 1 to 2 weeks 
of time period. Some cases were confused with other mass 
lesions. Glantz reported ultrasound findings on 149 patients with 
vaginal bleeding after 24 weeks of gestation and confirmed the 
poor sensitivity of ultrasound in the detection of placental 
abruption (56). 


CLINICAL MANAGEMENT 

Abruption can present as an acute or a chronic process. Acute 
abruption typically presents clinically with pain and bleeding. In 
a patient who presents with abdominal pain and vaginal bleeding 
after the period of fetal viability, the clinician must quickly assess 
maternal and fetal status. It is necessary to obtain IV access and 
to send blood for type and crossmatch, as well as coagulation 
studies. A Kleihauer-Betke test, to assess for fetal cells in the 
maternal circulation, may be indicated only in the Rh-negative 
mother. The most important parameter in the coagulation panel 
is maternal fibrinogen level. In normal pregnancy, fibrinogen 
levels increase. A fibrinogen level below 250 mg% is low during 
pregnancy and levels below 150 mg% are critically low. A clot 
(red top) tube can be used to rapidly estimate maternal 
coagulation status (see chapter on postpartum hemorrhage). If 
the fetus is alive (less than 50% abruption) and at a viable 
gestation age, then electronic fetal monitoring (EFM) is used to 
assess fetal status. After a bedside ultrasound excludes previa, a 
vaginal exam to assess cervical status is safe to do and is clinically 
indicated to assess the status of labor. 

If fetal demise has occurred, the goal is to accomplish 
vaginal delivery while minimizing maternal morbidity. 
Maternal anemia and coagulopathy, if present, can be 
corrected by transfusion of packed red blood cells and fresh 
frozen plasma. Coagulopathy is more commonly seen with 
large abruptions, and it may be seen in up to 30% of cases 
where abruption causes fetal demise. Clinically, labor in most 
cases is rapid, and vaginal delivery can be accomplished despite 
maternal bleeding. In the case of massive bleeding in a mother 
remote from delivery, cesarean delivery may be needed for 
maternal indications, despite the fetal demise. When perform- 
ing a cesarean section on a mother with coagulopathy, blood 
products to correct coagulopathy (fresh frozen plasma, 
platelets) should be infusing at the time of the initial skin 
incision, if possible. 

Cesarean is also indicated in cases of abruption with a living 
fetus at a viable gestational age, if there is evidence of abnormal 
EFM. Ominous findings may include sustained fetal brady- 
cardia or recurrent late decelerations. Rapid delivery in cases of 
fetal bradycardia may improve fetal outcome in pregnancy 
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complicated by abruption. The uterine incision at the time of 
cesarean is dictated by obstetric indications. A vertical incision 
may be needed if the fetus is a premature breech or back-down 
transverse lie. Bleeding will usually abate after delivery of the 
placenta and correction of coagulopathy, if present. 

At the time of cesarean section, the obstetrician may note a 
dark purple discoloration of the uterus. This is called a Couvelaire 
uterus; it is caused by extravasation of blood into the 
myometrium. This was described by Alexandre Couvelaire, a 
French obstetrician, who wrote a classic paper on the subject in 
1911 (57). He termed the condition “uterine apoplexy” and noted 
that blood from abruption could extravasate not only into the 
uterine muscle but also into the serosa of the uterus, the broad 
ligament, and the pelvic peritoneum. Initially it was thought that 
Couvelaire uterus was an indication for hysterectomy, but with 
the current therapy for coagulopathy, Couvelaire uterus per se is 
not considered an indication for hysterectomy. 

Following delivery, bleeding may continue due to coagulo- 
pathy or uterine atony, and these conditions can be managed 
medically, as they would in a patient without abruption (see 
chapter on postpartum hemorrhage). After surgery, the 
patient should be monitored closely, and general parameters 
include transfusing packed red cells to keep the hematocrit at 
or near 30%, platelets above 50,000/ml, and fibrinogen above 
150mg%. Fluids are given to maintain urine output at 
>30 cc/hr. Serial assessments of complete blood count and 
coagulation parameters are needed. 

Chronic abruption presents a clinical dilemma because 
there is no known way to predict recurrent bleeding or 
extension of abruption. Second-trimester bleeding in the 
absence of previa most commonly is from marginal placental 
abruption, and perinatal mortality is increased. In cases 
managed conservatively after fetal viability, steroids should 
be given to the mother to enhance fetal pulmonary maturity. 
If bleeding abates for 48 hours and the fetus has reassuring 
testing, the patient may be discharged to close outpatient 
follow-up. Since abruption is associated with growth 
restriction, it is important to perform serial ultrasound 
evaluation for growth. 


RECURRENCE RISKS 

Previous abruption is a known risk factor for recurrence in a 
subsequent pregnancy. The recurrence risk is estimated to be 
5% to 15%. If the initial abruption was from a temporary risk 
factor such as trauma, then the recurrence risk may be lower. 
In abruption associated with modifiable risk factors, such as 
maternal smoking or cocaine use, quitting these activities will 
decrease the recurrence incidence. An interesting observation 
is that quitting smoking before pregnancy may not reduce the 
abruption recurrence risk to that of the general population. 
The abruption risk of former smokers remains elevated (58). 
In gravidas whose prior pregnancy was complicated by 
abruption, there is an increase in growth restriction, pre- 
eclampsia, and preterm birth in subsequent pregnancies, in 
addition to abruption. This suggests a common etiologic 
process of vasculopathy in these conditions. 


REFERENCES 


1. Hull AD, Resnik R. Placenta previa, placenta accreta, abruptio placentae, and 
vasa previa. In: Creasy R, Resnik R, Iams J, Lockwood C, Moore T, eds. 


10. 


11. 


12, 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23, 


24. 


23, 


26. 


27. 


9.7 


Maternal Fetal Medicine: Principles and Practice, 6th edn. Philadelphia: 
Saunders Elsevier, 2009: 725. 


. Babinski A, Kerenyi T, Torok O. Perinatal outcome in grand and great- 


grand multiparity: effects of parity on obstetrics risk factors. Am J Obstet 
Gynecol 1999; 181: 669-74. 


. Cunningham FG, Leveno KL, Bloom SL, et al. Obstetrical hemorrhage. 


In: Cunningham FG, Leveno K, Bloom S, Hauth J, Gilstrap L, Wenstrom 
K, eds. Williams Obstetrics, 22nd edn. Chicago: McGraw Hill Medical 
Publishing Division, 2005: 820. 


. Kay HH. Placenta previa and abruption. In: Gibbs R, Karlan B, Haney A, 


Nygaard I, eds. Danforth’s Obstetrics and Gynecology, 10th edn. 
Philadelphia: Lippincott Williams and Wilkins, 2008: 385-6. 


. Miller DA, Diaz FG, Paul RH. Incidence of placenta previa with previous 


Cesarean. Am J Obstet Gynecol 1996; 174: 345. 


. Dashe JS, McIntire DD, Ramus RM. Persistence of placenta previa 


according to gestational age at ultrasound detection. Obstet Gynecol 
2002; 99: 692-7. 


. Monica G, Lilja C. Placenta previa, maternal smoking and recurrence 


risk. Acta Obstet Gynaecol 1995; 74: 341-5. 


. Francois KE, Foley MR. Antepartum and postpartum hemorrhage. In: 


Gabbe S, Niebyl J, Simpson JL, eds. Obstetrics: Normal and Problem 
Pregnancies, 5th edn. Philadelphia: Churchill Livingstone Elsevier, 2007: 
463, 465. 


. Williams MA, Mittendorf R, Lieberman E, et al. Cigarette smoking during 


pregnancy in relation to placenta previa. Am J Obstet Gynecol 1991; 165: 
28-32. 

Cotton, DB, Read JA, Paul RH, Quilligan EJ. The conservative aggressive 
management of placenta previa. Am J Obstet Gynecol 1980; 137: 687-95. 
Lam CM, Wong SF, Chow KM, Ho LC. Women with placenta previa and 
antepartum haemorrhage have a worse outcome than those who do not 
bleed before delivery. J Obstet Gynaecol 2000; 20: 27-31. 

Bhide A, Prefumo F, Moore J, et al. Placental edge to internal os distance 
in the late third trimester and mode of delivery in placenta previa. Br 
J Obstet Gynaecol 2003; 110: 860-4. 

Oppenheimer L. Diagnosis and management of placenta previa. J Obstet 
Gynaecol Can 2007; 189: 261-6. 

Timor-Tritsch IE, Yunis RA. Confirming the safety of transvaginal 
sonography in patients suspected of placenta previa. Obstet Gynecol 
1993; 81: 742-4. 

Bhide A, Thilaganathan B. Recent advanced in the management of 
placenta previa. Curr Opin Obstet Gynecol 2004; 16: 447-51. 

Farine D, Peisner DB, Timor-Tritsch IE. Placenta previa-is the traditional 
diagnostic approach satisfactory? J Clin Ultrasound 1990; 18: 328-30. 
Zelop CC, Bromley B, Frigoletto FD Jr, Benacerraf BR. Second trimester 
sonographically diagnosed placenta previa: prediction of persistent 
placenta previa at birth. Int J Gynaecol Obstet 1994; 44: 207. 
Oppenheimer L, Holmes P, Simpson N, Dabrowski A. Diagnosis of low- 
lying placenta: can migration in the third trimester predict outcome? 
Ultrasound Obstet Gynecol 2001; 18: 100-2. 

Mustafa SA, Brizot ML, Carvalho MHB, et al. Transvaginal ultrasono- 
graphy at delivery: a longitudinal study. Ultrasound Obstet Gynecol 2002; 
20: 356-9. 

Oyelese Y. Placenta previa and related placenta disorders. In: Queenan JT, 
Spong C, Lockwood CJ, eds. Management of High-Risk Pregnancy, 5th 
edn. Malden: Blackwell Publishing, 2007: 364. 

Lavery JP. Placenta previa. Clin Obstet Gynecol 1990; 33: 414-21. 
Wing D, Paul R, Millar L. Management of the symptomatic placenta 
previa: a randomized controlled trial of inpatient versus outpatient 
expectant management. Am J Obstet Gynecol 1996; 175: 806-11. 

Silver R, Depp R, Sabbagha RE, et al. Placenta previa: aggressive expectant 
management. Am J Obstet Gynecol 1984; 150: 15-22. 

Watson WJ, Cefalo RC. Magnesium sulfate tocolysis in selected patients 
with symptomatic placenta previa. Am J Perinatol 1990; 7: 251-3. 
Towers C, Pircon R, Heppard M. Is tocolysis safe in the management of 
third trimester bleeding? Am J Obstet Gynecol 1999; 180: 1572-8. 
Besinger RE, Moniak CW, Paskiewicz LS, et al. The effect of tocolytic use 
in the management of symptomatic placenta previa. Am J Obstet Gynecol 
1995; 172: 1770-8. 

Sharma A, Suri V, Gupta I. Tocolytic therapy in conservative manage- 
ment of symptomatic placenta previa. Int J Gynacol Obstet 2004; 84: 
109-13. 


9.8 


28. 


29. 


30. 


31; 


32. 


33; 


34. 


35. 


36. 


37s 


38. 


39. 


40. 


Al. 


42. 


Love C, Fernando K, Sargent L, Hughes R. Major placenta previa should 
not preclude outpatient management. Eur J Obstet Gynecol 2004; 117: 
24-9, 

Frederiksen MC, Glassenberg R, Stika CS. Placenta previa: a 22 year 
analysis. Am J Obstet Gynecol 1999; 180: 1432-7. 

Dedes I, Ziogas V. Circular isthmic-cervical sutures can be an alternative 
method to control peripartum haemorrhage during cesarean section for 
placenta previa accreta. Arch Gynecol Obstet 2008; 278: 555-7. 

Hwu Y, Chen C, Chen H, Su T. Parallel vertical compression sutures: a 
technique to control bleeding from placenta previa or accreta during 
cesarean section. Br J Obstet Gynecol 2005; 112: 1420-3. 

Daskalakis G, Anastasakis E, Papantoniou N, et al. Emergency obstetric 
hysterectomy Acta Obstet Gynecol Scand 2007; 86: 223-7. 

Silver RM, Landon MB, Rouse DJ, et al. Maternal morbidity associated 
with multiple repeat cesarean deliveries. Obstet Gynecol 2006; 107: 1226— 
32. 

Miller D, Chollet J, Goodwin TM. Clinical risk factors of placenta previa- 
placenta accreta. Am J Obstet Gynecol 1997; 177: 210-14. 

Finberg H, Williams J. Placenta accreta: prospective sonographic 
diagnosis in patients with placenta previa and prior cesarean section. 
J Ultrasound Med 1992; 11: 333-43. 

Wing DA, Paul RH, Millar LK. The usefulness of coagulation studies and 
blood banking in the symptomatic placenta previa. Am J Perinatol 1997; 
14: 601-4. 

Obed JY, Adewole IF. Antepartum hemorrhage: the influence of first 
trimester uterine bleeding. West Afr J Med 1997; 16: 24-6. 

Varma TR. The implication of a low implantation of the placenta 
detected by ultrasonography in early pregnancy. Acta Obstet Gynecol 
Scand 1981; 60: 265-8. 

Towers CV, Burkhart AE. Pregnancy outcomes after a primary 
antepartum hemorrhage between 16 and 24 weeks’ gestation. Am 
J Obstet Gynecol 2008; 198: 684.e1-5. 

Halperin R, Vaknin Z, Langer R, et al. Late midtrimester pregnancy 
termination in the presence of placenta previa. J Reprod Med 2003; 48: 
175-8. 

Thomas AG, Alvarez M, Friedman F Jr, et al. The effect of placenta previa 
on blood loss in second trimester pregnancy termination. Obstet Gynecol 
1994; 84: 58-60. 

Schneider D, Bukovsky I, Caspi E. Safety of midtrimester pregnancy 
termination by laminaria and evacuation in patients with previous 
cesarean section. Am J Obstet Gynecol 1994; 171: 554-7. 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


D2; 


Ife 


58. 


Signore C, Mills JL, Qian C, et al. Circulating angiogenic factors and 
placental abruption. Obstet Gynecol 2006; 108: 338-44. 

Roger MA, Paidas M. Do thrombophilias cause placenta-mediated 
pregnancy complications? Semin Thromb Hemost 2007; 33: 597-603. 
Prochazka M, Lubuusky M, Slavik L, et al. Frequency of selected 
thrombophilias in women with placental abruption. Aust NZ J Obstet 
Gynaecol 2007; 47: 297-301. 

Prochazka M, Happach C, Marsal K, et al. Factor V Leiden in pregnancies 
complicated by placental abruption. BJOG 2003; 110: 462-6. 

Eskes TK. Clotting and placental abruption: homocysteine—a new risk 
factor. Eur J Obstet Gynecol Reprod Biol 2001; 95: 206-12. 

Roger MA, Paidas M, McLintock C, et al. Inherited thrombophilia and 
pregnancy complications revisited. Obstet Gynecol 2008; 112: 320-4. 
Oyelese Y, Ananth CV. Placental abruption. Obstet Gynecol 2006; 108: 
1005-16. 

Kramer MS, Usher RH, Pollack R, et al. Etiologic determinants of 
abruptio placentae. Obstet Gynecol 1997; 89: 221-6. 

Ananth CV, Oyelese Y, Srinivas N, et al. Preterm premature rupture of 
membranes, intrauterine infection, and oligohydramnios: risks factors of 
placental abruption. Obstet Gynecol 2004; 104: 71-7. 

Nath CA, Ananth CV, Smulian JC, et al. Histologic evidence of 
inflammation and risk of placental abruption. Am J Obstet Gynecol 
2007; 1297: 319.e1-6. 


. Slutsker L. Risks associated with cocaine use during pregnancy. Obstet 


Gynecol 1992; 79: 778-89. 


. Pritchard JA, Mason R, Corley M, Pritchard S. Genesis of severe placental 


abruption. Am J Obstet Gynecol 1970; 108: 22-7. 


. Nyberg DA, Mack LA, Benedetti TJ, et al. Placental abruption and 


placental hemorrhage: correlation of sonographic finding with fetal 
outcome. Radiology 1987; 164: 357-61. 


. Glantz C, Purnell L. Clinical utility of sonography in the diagnosis and 


treatment of placental abruption. J Ultrasound Med 2002; 21: 837-40. 
Couvelaire A. Traitment chirurgical des hemorrhagies utero-placentaires 
avec décollement du placenta normalement insere. Ann de Gynec 1911; 8: 
591-608. 

Ananth CV, Cnattingius S. Influence of maternal smoking on placental 
abruption in successive pregnancies: a population-based prospective 
cohort study in Sweden. Am J Epidemiol 2007; 166: 289-95. 


1O Postpartum hemorrhage 


Wade D. Schwendemann and William J. Watson 


While the incidence of postpartum hemorrhage has not 
changed significantly in the past several years, the maternal 
mortality rate has decreased in developed countries because of 
better education regarding the issue and new treatment 
modalities (1,2). New therapies developed for the treatment 
of postpartum hemorrhage hold considerable promise in 
expanding the arsenal of the physician in conservatively 
treating cases refractory to standard therapy. 

Developing countries still see a significant maternal mortality 
rate from this condition, enough to make hemorrhage the 
most common cause of maternal death worldwide (1,2). 
In addition to mortality, significant maternal morbidity can 
result. 


DEFINITION AND EPIDEMIOLOGY 

There are several different definitions of postpartum hemor- 
rhage. The first is an estimated blood loss greater than 500 cc 
with vaginal delivery or greater than 1000 cc with a cesarean 
delivery (3). These definitions are the standard for most 
clinicians. However, obstetric texts quote a mean of 500 cc of 
blood loss for vaginal delivery and 1000 cc of blood loss for 
cesarean delivery. This confuses the issue, because the average 
blood loss cannot represent a pathologic condition. We believe 
that a more reasonable definition of a postpartum hemorrhage 
is 1000 cc or more with vaginal delivery or greater than 1500 cc 
with cesarean delivery. 

A second definition is a 10% decrease in the hematocrit 
when comparing pre- and postdelivery blood counts. This 
definition has several limitations as well. In our current 
environment of medical cost containment, a predelivery 
hematocrit might not be obtained in low-risk cases. Further- 
more, following acute blood loss, the hematocrit value may 
take hours to equilibrate. 

These definitions also present a problem because 
clinicians have been shown to be very poor at estimating 
actual blood loss, consistently underestimating it (4-7). This 
difficulty is increased in the obstetric setting due to the 
presence of amniotic fluid at the time of delivery. Training 
and graded drapes have been shown to improve the accuracy 
of blood loss estimates (8,9) and should be implemented, 
particularly in areas where postpartum hemorrhage is more 
common. 

Further subclassification of postpartum hemorrhage divides 
cases into early and late hemorrhage. Early postpartum 
hemorrhage is any hemorrhage that occurs up to 24 hours 
postdelivery. Postpartum hemorrhage that occurs from 
24 hours to 12 weeks postdelivery is considered a late 
postpartum hemorrhage. This distinction is important to 
understand because the likelihood of a given diagnosis as a 
cause for the hemorrhage differs based on the timing. 


The incidence of postpartum hemorrhage will vary based on 
the criteria used to define the condition. The best estimates 
available indicate that somewhere between 1% and 5% of 
deliveries will be complicated by postpartum hemorrhage (10). 


DIFFERENTIAL DIAGNOSIS 

The differential diagnosis of postpartum hemorrhage includes 
retained placental tissue, uterine atony, lacerations, uterine 
inversion, and defects in maternal coagulation. Women are at 
an increased risk of hemorrhage due to uterine atony if they 
have multiple gestation or polyhydramnios or have recently 
been administered any medications to reduce frequency of 
uterine contractions, such as terbutaline (11-14). Hemorrhage 
caused by laceration is increased in cases of operative vaginal 
delivery, large for gestational-age infants, and in women with a 
history of previous lacerations (11-14). Obstetric hemorrhage 
can also be the presenting symptom in women with a 
previously undiagnosed clotting disorder (15). Women with 
the HELLP (hemolysis, elevated liver enzymes, low platelets) 
syndrome are also at an increased risk for blood loss due to 
coagulation defects (16). 


ASSESSMENT OF BLOOD LOSS/COAGULATION STATUS 
The initial assessment of the status of the patient is crucial. 
This involves clinical examination, including vital signs, urine 
output, and laboratory testing. The signs and symptoms of 
clinically significant blood loss include vertigo, tachycardia, 
and hypotension. Other vasovagal syndromes can also be 
confused based on symptomatology alone. Immediate post- 
partum hemorrhage is rarely misdiagnosed, but a late 
hemorrhage, particularly in the setting of a cesarean delivery, 
can be missed if the clinician does not have a high index of 
suspicion. Blood loss of approximately 10% to 15% of the 
circulating blood volume (500-1000 cc) can cause tachycardia, 
while it generally takes at least 25% to 35 % (1500-2000 cc) to 
cause hypotension (17). This is, of course, dependent on 
maternal body size and the rate of blood loss. 

Changes in vital signs can provide some information 
regarding the degree of hemorrhage, but as the majority of 
obstetric patients are young and healthy, there can be a 
considerable amount of blood loss with compensation that can 
occur prior to a significant change in vital signs. 

Initial laboratory evaluation should include a complete 
blood count (CBC) and coagulation studies including 
fibrinogen, prothrombin time, international normalized ratio, 
and activated partial thromboplastin time. It is important to 
remember that the initial CBC value may not reflect the true 
degree of anemia because it may not have yet equilibrated. In 
the delivery room, one method of rapid assessment of the 
maternal coagulation status is to collect a red top (non- 
heparinized) tube of the mother’s blood. This blood should 
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clot within 6 minutes. If it does not, a diagnosis of a 
coagulation defect is suspected, and treatment can be 
instituted if clinically indicated without waiting for the results 
of a full coagulation panel. 


THERAPY 

Initial treatment after all deliveries includes removal of 
placental tissue, either expectantly or through the use of the 
Crede maneuver (18), as well as fundal massage. This also 
allows for assessment of uterine contraction. A fundus that is 
not firm should be vigorously massaged both abdominally and 
vaginally to increase uterine tone. 

Further initial prophylaxis involves treatment with 
oxytocin (19), either 20 units in one liter of IV fluid or 
10 units intramuscularly. The timing of this therapy remains a 
matter of some debate, and local practice methods often 
govern whether it is administered after cord clamp or 
following delivery of the placenta (20-22). 

Upon recognition of an immediate (early) postpartum 
hemorrhage, several factors must be assessed virtually simulta- 
neously. To accomplish this, it is recommended that help be 
requested immediately. Initial assessment should include an 
evaluation of uterine tone through bimanual examination, 
evaluation of the placenta and membranes for any evidence of 
incomplete removal, and inspection of the cervix, vagina, 
perineum, and rectum to evaluate for laceration. 

Treatment for atony involves uterine massage, IV fluid 
resuscitation, and administration of uterotonic agents. In 
addition to the oxytocin recommended for prophylaxis, further 
oxytocin can be given. Doubling the previously mentioned dose 
is arecommended first step. Other medications can be provided 
as well. These are summarized in Table 1. 

Treatment for retained placenta involves extraction of 
remaining placental tissue. This can be accomplished either 
through manual exploration or through surgical intervention. 
Prior to either intervention, care should be taken to ensure 
adequate anesthesia for the patient. Either IV narcotic 
medications or re-dosage of a previously placed epidural 
catheter can be safely performed in the patient with 
postpartum hemorrhage. Manual exploration and removal of 
retained placental tissue through curettage with a banjo curette 
can be safely performed in the delivery room. Bedside 
ultrasound can be invaluable in this clinical situation. Real- 
time ultrasound is used to assess for retained tissue and as a 
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guide for surgical procedures. In curettage for suspected 
retained placenta, the clinician should select the largest curette 
that can be safely passed through the cervix in order to 
minimize the risk of uterine perforation. Generally, a banjo 
curette can be easily passed through the dilated cervix in the 
immediate postpartum period. 

A thorough inspection of all vaginal, cervical, and perineal 
tissues should be performed as quickly as possible. Lacerations 
should be repaired with absorbable suture, typically in a 
running, locked fashion. Repair of lacerations should be 
performed only under excellent visualization. Such visualiza- 
tion may require transport to an operating room for better 
lighting and equipment. Transfer to the operating suite should 
not be delayed due to hemorrhage. In addition, inspection can 
reveal the presence of a vaginal hematoma. Unless this 
hematoma is large, or expanding, it should not be opened 
and inspected due to the possibility of significant blood loss 
with the minimal chance for identification of a discrete source. 

Rare causes of postpartum hemorrhage should not be 
discounted. During the pelvic examination following delivery, 
uterine inversion can be diagnosed. This condition often 
presents as a beefy-red mass at the introitus. Failure to visualize 
the cervix around this mass should arouse the clinical suspicion 
for this condition. The clinician may mistake this for a 
prolapsed leiomyoma. Once inversion is recognized, attempts 
at manual replacement should be made first (23,24). Should 
this fail to alleviate the problem, IV nitroglycerine can be 
administered in hopes of relaxing the uterus. If attempts at 
medical therapy also fail, a laparotomy should be performed; 
the uterus can then be reverted by progressive traction on the 
round ligaments or, if this fails, by incising the uterine 
contraction ring posteriorly. The vertical incision should then 
be repaired in layers, similar to the repair of any other vertical 
uterine incision (25). 

If rare causes of postpartum hemorrhage have been ruled 
out and standard medical therapies have failed to relieve the 
bleeding, further intervention is required. Which method one 
chooses will be largely based on the method of delivery. In a 
vaginal delivery, if the patient has not been transported to the 
operating suite, this should be done. The room should be 
prepared for the possibility of an emergent laparotomy. 
Consideration should be given to the idea of uterine 
tamponade prior to surgical intervention. Packing of the 
uterus is one method (26-28), although newer techniques 


Table 1 Medications Commonly used in the Treatment of Postpartum Hemorrhage Due to Uterine Atony, Including Dosage 


and Contraindications 


Dosage and route of 


administration 
20—40 Units IV 


Medication 
Pitocin (oxytocin) 


Contraindicated in 
patients with 


Or 10 Units IM (including uterine injection 


during C/S or laparotomy) 


Methergine 0.2 mg IM (including uterine injection during Hypertension 
(methylergonovine) C/S or laparotomy) every 2—4 hours 
Hemabate (15-methyl 0.25 mg IM (including uterine injection during Asthma 


prostaglandin F2a) 
Cytotec (misoprostol, 
prostaglandin E1) 


Recombinant factor VIIA Doses of 20-90 mcg/kg IV 


C/S or laparotomy) every 15-90 minutes 
Protocols vary, 800 mcg PR hourly 


None, but monitor for maternal fever 


Used for refractory coagulopathy. 
No known contraindication, but cost is a factor 


POSTPARTUM HEMORRHAGE 


have replaced it to a large extent. The Bakri balloon was 
developed specifically for this purpose (29). The balloon must 
be inserted completely into the uterine cavity and inflated with 
300 to 500 cc of saline. Care should be taken to ensure that the 
balloon does not cross the cervical os, as this placement will 
not be effective and could cause cervical trauma. 

In the clinical setting of ongoing bleeding refractory to 
standard medical therapy, after lacerations have been repaired 
and retained products ruled out, factor VIla may be a useful 
adjunct to therapy. It has been shown to be effective in 
approximately 80% of cases during one recent review (30). 
Other case reports have also demonstrated its effectiveness as 
an adjunct therapy (31-34). There is not a known method to 
measure the effectiveness of factor VIIa therapy. 

Some institutions will have the ability to perform a rapid 
arterial embolization for emergent treatment of postpartum 
hemorrhage. Embolization may be most appropriate for cases 
of postpartum hemorrhage secondary to laceration, if blood loss 
is ongoing. If an interventional radiologist is available and the 
patient is stable, she can be transferred to the radiology suite for 
evaluation and treatment as an acceptable alternative (35-37). 
Occasionally, a discrete vessel can be identified and embolized. 
Angiography of both uterine arteries can be performed and an 
embolization ofa feeder vessel can be performed. The availability 
of this technique is limited, and its use should not delay definitive 
therapy in cases where the patient is not stable for transport. It is 
not a standard therapy for cases in which uterine atony is the 
primary cause of bleeding. Patients with high risk of bleeding, 
such as those with a suspected accreta or known previa with 
previous cesarean section, could have catheter sheaths placed 
prophylactically prior to a scheduled procedure to facilitate the 
embolization should it become necessary. 

Should tamponade fail, and interventional radiology either fail 
or be unavailable, the next step is laparotomy. Subsequent steps 
can also be performed to treat hemorrhage at the time of cesarean 
section. Hemorrhage can be treated by ligature of the vessels 
supplying the uterus. First to be secured should be the uterine 
arteries bilaterally. Originally described by O’Leary (38—40), 
this involves placing an absorbable suture into the lateral aspect 
of the lower segment of the uterine corpus, then around the 
uterine vessels and secured lateral to these vessels. Care must 
be taken to identify and avoid the ureter. This procedure should 
be completed bilaterally. If this procedure does not completely 
cease bleeding, additional sutures can be placed to secure the 
uterine branches supplied by the ovarian arteries (41). 
The purpose of these therapies is to decrease the pulse pressure 
through their respective vessels and to decrease overall flow to the 
affected area in hopes of controlling the hemorrhage. 

If these therapies are unsuccessful, the anterior division of 
the internal iliac (hypogastric) artery can be ligated (38,42—45). 
This dissection is considerably more complicated than either 
of the previous two described above. This procedure will 
ideally be performed with the assistance of a surgeon 
experienced in operating in the retro peritoneum. Care should 
be taken to avoid injury to local structures, particularly the 
ureter and the hypogastric veins. 

Given the technical difficulties associated with ligature of 
the hypogastric arteries, techniques have been developed to 
treat uterine atony with compression rather than via decreased 
blood flow (46-49). The B-Lynch suture provides a degree of 
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compression similar to that done manually. This allows the 
practitioner to determine its effectiveness prior to placement. 
If manual compression does not decrease the bleeding to an 
acceptable level, then the suture is unlikely to do so. If manual 
compression does provide adequate hemostatic control, then 
the suture can be placed with a reasonable chance of success. 
Placement of the suture involves use of chromic gut placed 
entering the body of the uterus inferior to the hysterotomy and 
exiting superior to the incision. The suture is carried to the 
posterior aspect of the uterus (over the fundus) where it enters 
on one side of the lower uterine segment and exits on the other 
side. It is then carried over the fundus once more and entered 
into the uterus superior to the incision, then exits parallel to 
the initial suture placement. The suture is secured to compress 
the uterus (46-49). This is made considerably easier with 
surgical assistance. Case reports of pregnancy following 
compression sutures have been published, although there are 
no data to suggest any subfertility or increased rate of 
spontaneous pregnancy loss (49-51). 

Hysterectomy should be employed only as a last resort, but 
should not be delayed in cases where it is necessary. The blood 
loss from a delay can result in significant maternal morbidity 
or even mortality and definitive treatment should be readily 
available. The technique does not differ significantly from the 
nonpregnant patient, but distortion of the normal anatomy of 
the pelvis presents challenges. The gravid uterus obstructs the 
operative view, and the increased blood flow to the area 
represents a potential for further blood loss. Physiologic 
dilation of the ureter can make this structure more difficult to 
avoid. The soft consistency of the cervix and its effacement can 
also make identification of the cervix more difficult and result 
in excess vaginal tissue being removed, leading to a fore- 
shortening of the vagina. These changes, and others, make the 
procedure one fraught with morbidity (52). Surgeons with 
experience in this procedure should be consulted for assistance 
whenever available. 

Late postpartum hemorrhage is much more likely to be 
related to retained products of conception than to any other 
cause (53). Ultrasound of the uterus can often identify these 
products (54,55). Curettage should be performed once these 
products are identified. Endomyometritis can also cause a 
delayed postpartum hemorrhage. In these cases, bleeding 
should be treated as necessary, primarily with medical therapy, 
but antibiotic therapy should be instituted once the diagnosis 
is made. 


BLOOD AND BLOOD PRODUCT REPLACEMENT 

The clinician must also pay continued attention to the 
hematologic status of the patient. Initial efforts at control 
should not be withheld during the attempts to obtain 
laboratory analysis on the patient, but once available, these 
laboratory values, particularly any abnormalities, must be 
addressed quickly. First among concerns in the bleeding 
patient is the red blood cell transfusion. Patients should receive 
two units of packed red blood cells as soon as deemed clinically 
appropriate by the attending clinician. Ideally this blood will 
be typed and crossmatched to the patient, but in cases where 
hemorrhage was not expected, uncrossmatched O negative 
blood may need to be infused. The degree of bleeding that 
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Table 2 Expected Results from Blood Product Transfusion 


Blood product 


Packed red blood cells 
(1 unit = 200-250 mL) 
Platelets (1 unit = 50 mL) 
Fresh frozen plasma (1 unit = 200-300 mL) 
Cryoprecipitate (1 unit = 10-15 mL) 


Platelets only 


would necessitate the transfusion of uncrossmatched units 
depends upon the assessment of the patient and the timing of 
the availability of type-specific crossmatched blood. Clinicians 
should consider red cell transfusion in cases where the 
estimated blood loss exceeds 1000 cc during a vaginal delivery 
or 1500 cc during a cesarean delivery. The transfusion of one 
unit of packed red blood cells can be expected to raise the 
hemoglobin concentration by 1 gm/dL or the hematocrit by 
3%. The decision to transfuse a patient depends on the 
amount of blood loss, any maternal comorbidities, and the risk 
of recurrent bleeding (Table 2). 

During the initial treatment of hemorrhage, infusion of 
intravenous fluids should not be overlooked. Approximately 
3 liters of IV fluid is required to replace 1 liter of blood loss. 
This fluid does not contain the necessary clotting factors or the 
oxygen-carrying capacity of the blood lost, so treatment with 
fluid does not replace treatment with blood products. 

Once coagulation studies are available, or sooner if there is 
an abnormal clot tube, or if clinically indicated, clotting factors 
should be replaced as well. In order to replace platelets, platelet 
transfusion is performed. Most conventional blood banks will 
perform transfusion in terms of units of platelets, but some 
will still use the term “six pack,” which refers to six units of 
platelets. Transfusion of each unit of platelets can be expected 
to raise the platelet count by 5 to 10 K/dL. Correction of the 
underlying cause of platelet consumption is critical or these 
platelets may undergo the same consumption that initially 
caused the thrombocytopenia. 

Fibrinogen should be replaced to keep the level above 
100 mg/dL (56). Hemostasis can generally be achieved when 
the activity of coagulation factors is at least 25% of normal, and 
when the level of fibrinogen is 100 mg/dL. Since the plasma 
volume in adults is approximately 40 mL/kg, 10-15 mL/kg of 
fresh frozen plasma may be needed. This dose is approximately 
three to five units of FFP for adult patients with BMI in the 
normal range, and may lead to volume overload. Replacement 
of fibrinogen can be accomplished in two ways. Transfusion of 
FFP, one unit (200-300 mL), can be expected to increase the 
fibrinogen level 7 to 10 mg//dL. FFP also has the advantage of 
containing virtually all clotting factors, making its administra- 
tion ideal in the treatment of disseminated intravascular 
coagulation. Cryoprecipitate contains fibrinogen as well as 
factors V, VIII, XII, and vWF. One bag of cryoprecipitate will 
raise the fibrinogen of the patient by 7 mg/dL. The advantage of 
cryoprecipitate is the smaller volume that must be infused. This 
presents an advantage in patients where fluid overload is a 
concern, such as those with severe pre-eclampsia/HELLP 
syndrome. 

In addition to the above, care must be taken to pay 
particular attention to the electrolyte component of blood loss. 
Replacement of four units of packed red blood cells should be 


Contains 
Red blood cells only 


All clotting factors 
Fibrinogen, factors V, VIII, XIII, and vWF 
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Expected result 


Increase of 1 gm/dL hemoglobin 
or 3% hematocrit 

Increase of 5—10,000/dL 

Increase fibrinogen 7-10 mg/dL 

Increase fibrinogen ~7 mg/dL 


accompanied by one ampule of calcium intravenously to 
prevent derangements in calcium balance, particularly as it 
relates to the citrate binding of calcium and the potential for 
metabolic acidosis due to the citrate. Hepatic function should 
also be considered, as liver derangements common in pre- 
eclampsia may result in a decreased ability to process the 
citrate, leading to a greater risk for hypocalcemia in these 
patients. Older blood may contain a higher percentage of lysed 
red blood cells, and care must be taken to follow the patient’s 
potassium level in such cases and hyperkalemia should be 
treated if necessary. Transfused blood and blood products 
should be warmed to prevent hypothermia. 


RECURRENCE 

Risks for recurrent postpartum hemorrhage may be as high as 
10%, depending on the previous cause (57). Patients with a 
history of postpartum hemorrhage should have a type and 
screen performed prior to scheduled induction of labor or 
cesarean delivery, and all obstetric team members should be 
aware of the patient’s history and should be prepared in case of 
a recurrent bleeding. 
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Bryan E. Freeman and Michael R. Foley 


INTRODUCTION/EPIDEMIOLOGY 

The idea that infectious etiologies underlie many complica- 
tions related to illness and medical and surgical procedures is a 
relatively young area of interest and understanding in the 
medical profession. Throughout time, scientists have con- 
sidered that toxins, miasmas, and “bad humors” may be the 
culprits behind various disease processes, but it was not until 
the last 300 years that a viable link between bacteria and 
infection, including sepsis, has been made. 

Sir John Pringle’s work in the 1700s relating the ideas of 
septic and antiseptic conditions to systemic diseases such as 
fever and dysentery in jails and on the battlefield as relating 
was a step in the right direction, despite an incorrect 
mechanism of infection. Although he blamed “putrid air” as 
the source of disease, awareness of his ideas led to a decrease in 
the incidence of sepsis (1). 

Further advances in medical understanding of the etiology 
behind infectious diseases were made in the 1800s. The French 
chemist, Louis Pasteur, discovered that microorganisms were 
responsible for disease, and Joseph Lister, the English surgeon, 
was responsible for the introduction of sterilization of surgical 
instruments and sterile technique. The 1900s brought 
Alexander Fleming’s discovery of penicillin to combat gram- 
positive bacteria. 

Shock, also known as physiologic or circulatory shock, is an 
alteration in normal physiology that results in severe and 
potentially life-threatening changes in the circulatory system. 
There are various categories of shock, but the most common 
are cardiogenic, hypovolemic (hemorrhagic), and septic 
shock. While the etiologies behind these categories are 
different, the effect on the body is essentially the same. The 
result of shock is a cascade of events that includes hypoperfu- 
sion of tissues, cellular hypoxia, metabolic acidosis, and 
eventually cellular death. 

The incidence of sepsis is difficult to determine due to a lack 
of use of appropriate terminology as well as inaccurate 
reporting. However, recent data in the United States regarding 
severe sepsis have shown an overall rate of three cases per 1000 
population, with a substantial, directly proportional increase 
with increasing age. Outcomes are variable based upon the 
etiology and underlying comorbidities of the individual, as 
well as by location of infection. Annual national costs relating 
to sepsis are estimated to be $16.7 billion per year in the 
United States alone (2). 

Sepsis remains one of the most significant causes for 
medical morbidity and mortality worldwide. It was responsible 
for 9.3% of all deaths in the United States in 1995 and has been 
shown to have a 30% mortality rate, although this varies 
depending upon the patient population (2). 

Septic shock affects an estimated one in 8338 deliveries (3). 
However, much of the data relating to sepsis and septic shock 


deals with a non-obstetric population. Generally, since women 
of childbearing age are young, healthy women, without the 
serious comorbidities of the elderly populations that are 
usually studied, rates are significantly lower. In fact, a review of 
the percentage of total cases of sepsis in the United States 
demonstrated that pregnant patients comprised approximately 
0.6% of all cases in 1979 to 1984, but 0.3% of cases in 1995 to 
2000 (4). 

Despite the fact that sepsis is such a concern worldwide, a 
surprising number of people have not heard of, much less 
understand, what sepsis is. A study performed using telephone 
interviews of 6021 citizens in Italy, Spain, the United 
Kingdom, France, and the United States revealed that public 
knowledge of simply the term “sepsis” was astonishingly low 
and that 58% of those surveyed did not know that sepsis is a 
leading cause of death (5). The implications of this alone may 
indicate why early sepsis and its significance may present 
challenges in the treatment of less severe disease. 


ETIOLOGY 

Causes of bacteremia in the obstetric population may be due to 
a single or multiple pathogens and may be made in patients 
with different illnesses. Blanco et al. found that the most 
common pathogens were Escherichia coli (32%), group B 
streptococcus (16%), and Bacteriodes spp. (15%), each of 
which led their respective categories of gram-negative, gram- 
positive, and anaerobic bacteria, respectively (6). The conditions 
that these infections were associated with were variable, but have 
been shown to be the most prominent etiologies in other studies. 
Of 176 patient studies, diagnoses included endometritis (70%), 
pyelonephritis (16%), chorioamnionitis (8%), and various 
other causes (6). Therefore, sepsis in the obstetric population is 
a concern both antepartum as well as postpartum. 

Septic shock has been shown to be associated with the same 
conditions, but in a slightly different order of frequency 
according to recent studies. Mabie et al. in 1997 published an 
article that examined the outcomes of 18 women with septic 
shock in pregnancy. Their definition of septic shock conforms 
to the definition set forth by the 1992 American College of 
Chest Physicians/Society of Critical Care Medicine (ACCP/ 
SCCM) Consensus Conference (7). The mortality rate was 
28%, with etiologies for septic shock ranging from pyelone- 
phritis (33%), chorioamnionitis (17%), toxic shock (11%), 
and postpartum endometritis (11%). The remaining causes 
included septic abortion, ruptured appendix, ruptured ovarian 
abscess, necrotizing fasciitis, and bacterial endocarditis 
(approximately 5% each). Etiology varied due to the clinical 
history of the patient and the presence of significant 
comorbidities. Other significant findings were that depressed 
left ventricular function was noted in 64% of survivors and 
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80% of those that died. Organisms isolated from cultures 
included Escherichia coli, group A streptococcus, group B 
streptococcus, Klebsiella pneumoniae, Streptococcus viridans, 
Staphylococcus epidermidis, and others. Of note, E. coli was 
present in 61% of patients, and there was one patient who was 
culture negative (3). 


PATHOPHYSIOLOGY 

Despite the continual discovery of new cytokines, inter- 
cellular relationships, and systemic changes that accompany 
the sepsis spectrum of diseases, the precise mechanisms 
behind severe sepsis and septic shock are not completely 
understood. Under normal conditions, the site of bacterial 
infection is targeted by the body’s natural immune response. 
This involves an increase in inflammatory cytokines, 
activation of the clotting cascade, and decreased fibrinolysis 
in a localized fashion. In the setting of a normally functioning 
immune system, this leads to the body being able to 
effectively eliminate the invading pathogen, after which 
damage caused by the insult may be repaired. 

Sepsis and septic shock, on the other hand, are exaggerations 
of the body’s natural response to infection. Pro-inflammatory 
and anti-inflammatory mediators are upregulated, along with 
the natural immune response, but on a systemic scale, with 
effects far beyond the area in which it is needed. The precise 
mechanisms behind the regulation of a normal immune 
response and the lack of regulation in sepsis-related conditions 
are an area of ongoing research and interest. Understanding of 
the signaling pathways and resultant mediators produced has 
advanced greatly over recent years. 

An extensive summary of current knowledge about the 
molecular biology behind inflammation and sepsis was 
published by Cinel and Opal in early 2009. The following 
are selections from this article that shed light on the 
mechanisms involved in these processes (8). 

One popular area of sepsis research is the examination and 
elucidation of mechanisms behind the action of toll-like 
receptors (TLRs). Essentially, TLRs function to activate 
immune responses once the body’s natural barriers (skin, 
vascular system, etc.) have been breached. Current research 
has shown that binding of TLRs causes activation of 
intracellular transcription activators including interferon 
regulator factors, phosphoinositide 3-kinase (PI3K), and 
cytosolic nuclear factor-kappa B (NF-B). NF-B then enters the 
nucleus and ultimately causes the activation of genes for acute 
phase proteins, inducible nitric oxide synthase, coagulation 
factors, and pro-inflammatory cytokines, among others (8). 

The significance of PI3K is that it can either positively or 
negatively regulate TLRs in order to influence pro- 
inflammatory cytokine production. For instance, positive 
regulation of TLRs by PI3K leads to increased production of 
pro-inflammatory cytokines interleukin-1B (IL-1B), IL-6, 
and IL-8 (8). 

Sepsis also leads to increased neutrophil activation. 
Normally, these proapoptotic neutrophils are responsible for 
the effective clearance of the invading pathogen while 
remaining well controlled so as not to damage healthy host 
cells. In sepsis, neutrophils have been found to evade the 
normal clearance by macrophages, which usually regulate their 
number and effect. This lack of regulation leads to increased 
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numbers of circulating neutrophils, which have a pro- 
inflammatory effect (8). 

Along these same lines, macrophage migration inhibitory 
factor (MIF) is induced by glucocorticoids in sepsis and is 
probably involved in sepsis pathogenesis. Experiments in mice 
have found that inhibition of MIF leads to attenuation of 
inflammatory mediators such as TNF-o and IL-1 (8). 

Tumor necrosis factor a (TNF-a or cachectin), which is 
produced primarily by macrophages, and secondarily 
released from damaged endothelial cells, is a pro-inflamma- 
tory cytokine. It acts with other cytokines, such as IL-1 and 
IL-6, to cause various alterations in the function of multiple 
organs. In the setting of sepsis, insulin resistance and fever 
increased. 

Activation of the clotting cascade is another mechanism by 
which the body fights infection and its effects. The formation 
of a clot (which serves as an intravascular barrier) and 
initiation of inflammation are attempts to isolate the area of 
infection and prevent systemic spread of the pathogen. 
However, this is not always held in check, resulting in sepsis 
and related conditions. In sepsis, the extrinsic (tissue factor) 
pathway is activated, leading to increased thrombin produc- 
tion. This is the target of action of activated protein C, which 
will be discussed later (8). 


DIAGNOSIS 

Initial diagnosis of septic shock and related conditions include 
a thorough history and physical examination, baseline 
laboratory tests, and blood cultures. The history can help to 
elucidate the etiology of the septic shock and to direct 
treatment. This is important as a simple clinical history can 
help elucidate a probable etiology for the condition. 

In general, baseline laboratory tests that need to be 
obtained include a complete blood count, at least two blood 
cultures, coagulation studies, a complete metabolic panel, 
and any other cultures that are deemed clinically applicable. 
Specific recommendations are outlined in the following 
paragraphs. 

In order to properly diagnose which entity is involved, 
understanding of the currently accepted definitions is 
essential. The terminology surrounding the sepsis spectrum 
of disorders has been inconsistently and incorrectly utilized, 
leading to misunderstanding of the disease process involved. 
This has led to a variety of terms being used for a spectrum of 
conditions related to sepsis such as bacteremia and septicemia. 
Other etiologies for conditions resembling sepsis exist, and it 
has not been until the past two decades that an attempt has 
been made to clarify the differences between these entities. 

Therefore, it is more appropriate to think of sepsis and 
related conditions as a continuum of conditions that overlap 
to various degrees. They share the same etiologies, but have 
more serious implications the further they exist along this 
continuum. 

In recognition of this, the ACCP/SCCM has established 
more firm definitions. In 1992, the members of the ACCP/ 
SCCM Consensus Conference made four recommendations to 
create more precise terminology for sepsis-related entities. 
Along with this, they introduced the term “systemic 
inflammatory response syndrome” (SIRS). The goal of these 
formal definitions was to give clinicians the ability to 
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differentiate between illnesses in order to better direct patient 
care. The disease categories now include sepsis, severe sepsis, 
SIRS, septic shock, sepsis-induced hypotension, and multiple 
organ dysfunction syndrome (7). 

SIRS can be the result of a variety of injuries (trauma, 
infection, burns, or sterile inflammatory processes such as 
pancreatitis) that lead to a series of complex findings. 
Assigning the diagnosis by 1992 criteria initially required at 
least two of the following: 


1. Body temperature >38°C or <36°C 

2. HR >90 bpm 

3. Tachypnea (RR >20/min) or hyperventilation 
(PaCO, <32 mmHg) 

4. WBC count >12,000 cells/uL or <4000 cells/uL, or 
presence of bands (7) 


Sepsis is the systemic inflammatory response that is due to 
an infection. More simply, it is SIRS that has occurred due to 
an infectious process. The clinical and laboratory criteria are 
therefore the same as listed for SIRS (7). This allows a 
differentiation to be made between the other potential 
etiologies that may lead to SIRS and clearly identifies a specific 
subdivision of SIRS. 

In order to clarify other terms that are commonly used with 
sepsis, they proposed the following definitions. Infection is the 
invasion of a normally sterile host by an organism that leads to 
an inflammatory response. Bacteremia refers to viable bacteria 
in the blood. If the invading pathogen is not bacteria, the 
appropriate corresponding term should be employed (viremia, 
fungemia, etc.) (7). 

Severe sepsis is sepsis complicated by organ dysfunction, 
hypoperfusion abnormality (lactic acidosis, oliguria, or 
altered mental status), or sepsis-induced hypotension (7). 
Sepsis-induced hypotension is systolic blood pressure 
<90 mmHg or a decrease in systolic blood pressure of 
240 mmHg from baseline, without any other identifiable 
cause for hypotension (7). 

Septic shock is a subdivision of severe sepsis and is defined 
as sepsis-induced hypotension (as defined above) that is 
unresponsive to fluid resuscitation, accompanied by hypo- 
perfusion abnormalities or organ dysfunction. This definition 
still applies to patients who have been treated with 
vasopressors, as hypoperfusion abnormalities and organ 
dysfunction may not occur until after treatment (7). 

Septicemia has been determined to be an inaccurate term, 
and the members of the ACCP/SCCM Consensus Con- 
ference have recommended its removal from sepsis 
vocabulary (7). 

The definitions set forth at the 1992 ACCP/SCCM Con- 
sensus Conference were reevaluated after almost a decade of 
use. Representatives from Europe and the United States met at 
the 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis 
Definitions Conference to discuss the efficacy and potential 
need for modification of the previously mentioned definitions. 

Regarding the definition of SIRS, the committee felt that 
since the clinical signs of inflammation may be quite variable, a 
specific definition for SIRS was too difficult to formulate. The 
definition established by conference in 1992 remained un- 
changed, but with the acknowledgement that it is “overly 
sensitive and nonspecific” (9). Subcommittees had been 
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assigned to look at common markers found in sepsis, as well 
as other laboratory derangements brought about by this 
condition. Increased levels of IL-6, adrenomedullin, soluble 
CD14, soluble endothelial cell/leukocyte adhesion molecule 1, 
macrophage inflammatory protein 1a, extracellular phospho- 
lipase A2, procalcitonin, and C-reactive protein had been 
noted by committee members. Although these and other 
markers may be elevated during times of inflammation, there 
are no laboratory panels to create from these to function as a 
diagnostic tool for SIRS. However, understanding of the 
significance of the individual markers may aid in targeting 
specific treatment to a given organ, the coagulation cascade, 
and so on (9). 

The definition of septic shock was expanded minimally to 
include a mean arterial pressure (MAP) <60. The definitions 
for infection, sepsis, and severe sepsis remained essentially 
unchanged (9). 

Aside from the reevaluation of definitions for the spectrum 
of sepsis conditions, the 2001 Committee developed a 
prototype classification tool for sepsis, called PIRO. This 
mnemonic represents 


1. predisposing conditions, 

2. insult (the nature and extent of the insult), 

3. response (the nature and magnitude of the host 
response), and 

4. organ (the degree of organ dysfunction). 


Based upon the utility derived from this in subsequent 
studies, this tool may be of use in the future for assigning a 
prognosis or determining the appropriate treatment protocol 
for patients with sepsis (9). 

Although pregnant women were excluded from the study, 
a group of researchers recently explored the possibility of 
utilizing a biomarker panel to predict serious outcomes for 
patients with suspected sepsis who were admitted through 
the emergency department. The primary outcome was to 
predict the probability of development of sepsis and the 
secondary outcomes included septic shock and inpatient 
mortality. Nine biomarkers were studied in all, but the 
combination of protein C, IL-1 receptor antagonist (IL-1ra), 
and neutrophil gelatinase-associated lipocalin (NGAL) was 
found to be the most predictive of identifying both primary 
and secondary outcomes. Protein C is a marker of activation 
of coagulation, IL-lra indicates inflammation, and NGAL 
reflects renal dysfunction. This may be an area of future 
research to help direct physician intervention at the time of 
initial assessment. The results of these tests were used by the 
authors to arrive at a Sepsis Score (10). When this has 
undergone further testing, there may be utility for treating 
the obstetric population as well. 


MANAGEMENT 

Management recommendations are largely based upon work 
that has been done in the non-obstetric population. Therefore, 
there are not established protocols to deal with the pregnant 
patient with septic shock or that take into account the 
significant physiologic changes that accompany pregnancy and 
how these changes may alter the effectiveness of a given 
therapy. The basic goals of therapy, which have been used 
successfully, are based upon early detection and diagnosis of 
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the problem, aggressive fluid resuscitation and use of 
vasopressors, glycemic control, corticosteroids, and, more 
recently, the utilization of activated protein C (11). 

Expanding upon this, in 2008, the Surviving Sepsis 
Campaign Committee published updated guidelines for the 
management of severe sepsis and shock. Extensive evaluation 
of each step of severe sepsis management was performed, and a 
grading system was then used to assign which interventions 
were either recommended or simply suggested, according to 
the strength of supporting evidence. Initial management was 
divided into 10 categories: initial resuscitation, diagnosis, 
antibiotic therapy, source control, fluid therapy, vasopressors, 
inotropic therapy, corticosteroids, activated protein C, and use 
of blood products, which are summarized below (12). 

The Surviving Sepsis Campaign protocol for initial 
resuscitation should be initiated as soon as tissue hypoperfu- 
sion (persistent hypotension despite fluid administration or 
serum lactate concentration 24 mmol/L) is recognized. The 
goals during the first 6 hours of therapy are as follows: 


Central venous pressure = 8 — 12 mmHg 

MAP 265 mmHg 

Urine output 20.5 mL/kg/hr 

Central venous oxygen saturation 270% or mixed 
venous oxygen saturation 265% 


eo Nae 


If these criteria are not able to be met within 6 hours, the 
committee suggests transfusing packed red blood cells until a 
hematocrit is 230% is reached and/or administering dobuta- 
mine up to 20 g/kg/min (12). 

Diagnostic studies should be performed quickly. If possible, 
prior to the administration of antibiotics, at least two blood 
cultures should be obtained, in addition to cultures of 
intravascular devices (and each lumen of these devices) greater 
than 48 hours old. Other areas representing potential sources 
of infection, such as urine, wounds, respiratory tract, and so 
on, should be cultured according to clinical suspicion. If, and 
only if, obtaining any of these cultures risks serious delay of 
initiation of antibiotic administration, antibiotics should be 
started first. The cultures must be collected soon thereafter to 
avoid the risk of sterilization of blood cultures, which may 
occur within a few hours of antibiotic administration. 
Additionally, imaging studies should be performed as soon 
as possible to help confirm a diagnosis (12). 

Antibiotic therapy should be initiated as soon as possible with 
intravenous medications within the first hour of recognition of 
severe sepsis and septic shock. As previously stated, collection of 
cultures should ideally be performed prior to antibiotic 
administration, if possible. Since etiologies of sepsis and septic 
shock vary depending upon each patient’s clinical history and 
underlying conditions, the choices of antibiotic are also variable 
and will be dictated by these factors. Recently used antibiotics 
should be avoided and the choice of a broad-spectrum 
antibiotic that would cover pathogens associated with the 
presumed source of infection should be chosen. Other 
considerations include awareness of the increasing prevalence 
of methicillin- and oxacillin-resistant Staphylococcus aureus 
(MRSA and ORSA) or whether candidemia is suspected, which 
would require appropriate antifungal coverage (12). 

Additionally, loading doses of antibiotics should be used, 
but with the awareness of organ damage and large changes in 
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volume due to fluid resuscitation that may alter serum levels of 
any medication. Therefore, physicians and pharmacists need 
to carefully monitor serum levels to avoid toxicity. The 
recommended course of antibiotics should be at least 7 to 
10 days and needs to be tailored to reflect the culture and 
sensitivity results (12). 

Source control needs to be achieved within 6 hours of 
treatment. This includes establishing a diagnosis, locating the 
etiology of the infection, and taking steps to appropriately deal 
with the cause. In the case of an intravascular device being the 
culprit, it should be removed immediately after alternate 
intravascular access has been achieved (12). 

Fluid therapy should include administration of either 
colloids or crystalloids. The SAFE study demonstrated no 
difference in efficacy between these two types (13). Goals of 
fluid resuscitation are initially to achieve a central venous 
pressure of 28mmHg (or 12mmHg if the patient is 
mechanically ventilated). Fluid challenges should be adminis- 
tered in the form of either at least 1000 mL of crystalloids or 
300 to 500mL of colloids over 30 minutes. As long as the 
patient responds to fluid challenges, they should continue. 
However, if central venous pressures or pulmonary artery 
pressures increase without simultaneous hemodynamic im- 
provement, the rate of fluid administration should be 
substantially reduced (12). 

Vasopressors should be utilized to maintain MAPs of at least 
65mmHg. The committee recommends that first-line vaso- 
pressor therapy should include norepinephrine or dopamine 
administered via a central line. Epinephrine, phenylephrine, 
and vasopressin should not be used as first-line therapy, 
although epinephrine may be used if initial efforts with 
norepinephrine or dopamine were unsuccessful in achieving 
the desired MAP. Additionally, low-dose dopamine for renal 
protection is not recommended (12). 

Inotropic therapy with dobutamine may be utilized in 
patients with evidence of myocardial dysfunction (high cardiac 
filling pressures and low cardiac output). 

Recommendations relating to the utility of corticosteroid 
treatment in septic shock are largely based upon results from 
the Corticosteroid Therapy of Septic Shock Study Group. 
Routine use of corticoid therapy as adjuvant treatment 
should not be employed in patients with septic shock. The 
ACTH test is not recommended to determine which patients 
should receive hydrocortisone treatment. Corticosteroid 
treatment should be reserved for patients with septic shock 
only if their hypotension is non-responsive to fluid therapy 
and vasopressors (12,14). Additionally, since etomidate is 
frequently used for sedation in the intensive care unit, 
including care for patients with severe sepsis, care should be 
taken to avoid performing an ACTH test for any reason in 
patients who have received etomidate, as it can adversely 
impact their survival (15). 

Activated protein C therapy [also known as recombinant 
human activated protein C (rhAPC), drotrecogin alfa] should 
be based upon the diagnosis of the patient and their Acute 
Physiology and Chronic Health Evaluation (APACHE) II 
score. The APACHE II score is a tool used to assess the severity 
of disease in adults admitted to intensive care units and is 
based upon physical assessment of patients during the first 
24 hours of their admission. Patients with severe sepsis, an 
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APACHE II score >25 or multiple organ failure, and who are 
deemed to be at high risk of death should receive rhAPC, 
assuming that they have no contraindications. On the other 
hand, patients with severe sepsis, an APACHE II score <20 or 
single organ failure, and who are at low risk for death should 
not receive rhAPC therapy (12). These recommendations are 
consistent with conclusions from the Administration of 
Drotrecogin Alfa (Activated) in Early Stage Severe Sepsis 
(ADDRESS) Study Group, published in 2005 (16). 

Although the exact mechanism is unknown, activated 
protein C possesses both anti-thrombotic and anti-inflam- 
matory properties. As mentioned before, sepsis involves 
activation of the extrinsic (tissue factor) pathway of the 
clotting cascade, which leads to overproduction of thrombin. 
This is the target of APC. Normally protein C, the zymogen of 
APC, is activated by thrombin. However, there are two 
aspects of sepsis that cause disruptions in this system. The 
first problem is that circulating levels of protein C, APC, and 
protein S (the cofactor for protein C) are decreased. The other 
issue is that the thrombin:thrombomodulin complex that is 
usually responsible for the conversion of protein C to APC is 
also disrupted, which leads to the unregulated production of 
thrombin. Administration of rhAPC compensates for the lack 
of naturally created APC and exerts an anti-thrombotic effect 
by blocking the conversion of factors VIIa and Va to factors 
VIII and V, as well as by inhibiting plasminogen activator 
inhibitor-1 (PAI-1), thereby allowing fibrinolysis to occur. 
Other mechanisms may be involved as well (17). 

After resolution of hypoperfusion, and in the absence of 
complicating factors such as myocardial infarction, acute 
hemorrhage, and so on, administration of blood products (not 
covered in recommendations for initial resuscitation) may be 
considered. Packed red blood cells should be transfused for 
hemoglobin levels <7.0 g/dL, with a target hemoglobin of 7.0 
to 9.0 g/dL. The use of erythropoietin is not recommended in 
the treatment of severe sepsis unless there is another reason for 
its administration, such as renal failure (12). 

Other blood products, such as fresh frozen plasma, may be 
utilized to correct coagulopathy. Platelet administration 
should be performed in severe sepsis when platelet counts 
are <5000/mm°, whether or not the patient is bleeding. For 
platelet counts in the range of 5000 to 30,000/mm’, platelet 
transfusion should be considered. Goals of platelet therapy are 
dependent upon future interventions that are to be made. In 
the event of anticipated surgery, platelet transfusion should be 
performed to reach a count of >50,000/mm? (12). 

One final area of management that has received recent 
attention is that of glucose control in patients with severe 
sepsis and septic shock. The Efficacy of Volume Substitution 
and Insulin Therapy in Severe Sepsis (VISEP) is the most 
recent study to address this issue and their findings coincide 
with prior studies. The investigators randomized patients 
into groups of either conventional or intensive insulin 
therapy. The conventional insulin group was treated via 
insulin drip if blood glucose levels exceeded 200 mg/dL and 
were maintained in the range of 180 to 200 mg/dL. The 
intensive insulin therapy group received insulin via insulin 
drip once blood glucose levels exceeded 110 mg/dL and were 
maintained in the range of 80 to 110 mg/dL. No benefit was 
found to intensive insulin therapy. In fact, this treatment was 
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terminated early by the data and safety monitoring board at 
the time of the first safety analysis due to the high incidence 
of hypoglycemia (18). 

The Surviving Sepsis Campaign Committee recommends 
that following patient stabilization, insulin therapy should 
be initiated. The goal is to maintain blood glucose levels 
<150 mg/dL, with levels checked every 1 to 2 hours until 
stable, then every 4 hours (12). 


CONCLUSIONS 

Fortunately, sepsis and septic shock in pregnancy is a rare 
entity. Normal pregnancy involves many physiologic changes 
that would present problems for any other patient due to the 
increased demands on the cardiovascular and other systems. 
As noted, the work and recommendations that currently exist 
for the treatment of the continuum of sepsis conditions are for 
non-obstetric populations and do not take into account the 
changes associated with pregnancy. Given the paucity of data 
that exist strictly in regard to septic shock in pregnancy, it is 
reasonable to proceed with septic shock management accord- 
ing to these guidelines. Definitions that specify the exact entity 
within the spectrum of sepsis-related diseases can help focus 
management and facilitate communication with colleagues. 
Until specific studies in the pregnant prove otherwise, quick 
assessment and diagnosis of this condition followed by critical 
care and emergency protocols should be followed. 
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CENTRAL VENOUS ACCESS 

Approximately 0.17% to 1.1% of all pregnant patients require 
admission to the intensive care unit (ICU) at some point 
during their pregnancies (1). Obstetric complications, includ- 
ing hemorrhage and hypertensive disorders (primarily pre- 
eclampsia and eclampsia), account for most of these ICU 
admissions comprising 47% to 93% of patients (2). Under- 
standing the main hemodynamic changes associated with 
pregnancy is crucial when invasive monitoring is applied to the 
critically ill pregnant patients (Table 1). Central venous access 
is more commonly obtained through internal jugular (IJ) vein 
or subclavian vein catheterization, as seen in the nonpregnant 
population as well. 

The main indications for central venous catheter (CVC) 
placement include administration of vasoactive medications 
such as norepinephrine or dopamine, infusion of caustic or 
hypertonic solutions such as potassium chloride or parenteral 
alimentation, administration of incompatible medicines 
through a multi-lumen catheter, requirement of acute or 
subacute renal replacement therapy, necessity of hemody- 
namic monitoring or transvenous cardiac pacing, and rapid 
infusion of fluids (3,4). Due to the emergent nature of most 
CVC placements and their lifesaving indications, there are 
truly no absolute contraindications to their placement. A few 
general contraindications do exist and include infection of the 
area overlying the target vein, thrombosis of the target vein, 
and coagulopathy (4). 

Recent statistics show that approximately 5 million CVCs 
are placed each year in the United States with one or more 
complications occurring in >15% of catheter placements (5,6). 
The risk of complications increases with operator inexperi- 
ence, emergent placement, patient obesity, history of difficult 
cannulation, and coagulopathy. Common mechanical compli- 
cations include arterial puncture, hematoma formation, 
pneumothorax, hemothorax, arrhythmias, and improper 
location of the catheter (7,8). Venous thrombosis is another 
complication that occurs less frequently in the subclavian vein 
and more frequently with cannulation of the femoral vein (5,6). 
The risk of pneumothorax during CVC insertion increases 
with hyperinflation of the lungs associated with mechanical 
ventilation with large tidal volumes or with increased positive 
end-expiratory pressure. Inadvertent arterial puncture can 
usually be distinguished by the pulsatile nature of the flow and 
the red color of arterial blood (4). If in doubt, the operator may 
insert a small 18-gauge catheter over the guidewire and 
determine the waveform of the vessel to distinguish arterial 
from venous cannulation (4). Alternatively, the 18-gauge 
catheter may be connected to a regular intravenous tubing 
that is allowed to fill with blood, and when raised, the column of 
blood should drop if the catheter is inside a vein. Finally, a 
chest x-ray to confirm proper placement should be obtained 


after central venous catheterization regardless of insertion site 
(except for the femoral vein placement). 

In addition to mechanical complications, catheter-related 
infections pose a significant risk to the patient. Infection of the 
CVC may occur locally at the insertion site, from hub 
colonization and subsequent infection through the catheter 
lumen, or through hematogenous seeding of the catheter (5). 
The Centers for Disease Control and Prevention recommend 
the subclavian vein as the site of choice to reduce the risk of 
catheter-related sepsis (9). The Institute for Healthcare 
Improvement recommends five steps to reduce central-line 
infections: hand washing, maximal barrier precautions, 
chlorhexidine skin antisepsis, selection of an optimal catheter 
site, and prompt removal of the CVC when no longer needed. 
Antiseptic-containing hubs (chlorhexidine) and antimicrobial- 
impregnated catheters (minocycline and rifampin) have been 
shown to decrease the rate of catheter-related bloodstream 
infections when compared with non-impregnated catheters 
and should be considered in all CVC insertions when the 
institutional infection rate exceeds 2% (4,5). 

The use of ultrasound guidance has been shown in various 
prospective/randomized trials and two meta-analyses since 
1990 to reduce mechanical complications of CVC insertion 
into the IJ and improve first-pass success (10). Two- 
dimensional ultrasound can be used indirectly or directly. 
With indirect ultrasound guidance, the ultrasound is used for 
vessel localization, and the puncture site is identified. After 
this, puncture of the vein is performed without real-time 
ultrasound guidance. Direct ultrasound guidance allows 
visualization of the needle puncture in real time after 
localization of the vessel and can employ one or two operators. 

In 2003, Hind et al. evaluated data from 18 studies in a 
meta-analysis that excluded Doppler studies (11). They found 
that two-dimensional ultrasound was significantly better for 
central venous access when compared with the traditional 
landmark methods and was more effective in avoiding failures 
in the first attempt of venous cannulation. 

Particularly for IJ catheter placements, ultrasound guidance 
is now considered the standard of care. 


Internal Jugular Vein 

JJ cannulation has a lower risk of pneumothorax as compared 
with the subclavian approach. However, the risks of infection 
and thrombosis are higher with the IJ. 

The anatomical landmarks commonly used to place a 
central line in the IJ consist of the triangle formed by the 
clavicle and the sternal and clavicular heads of the sternoclei- 
domastoid muscle. The apex of this triangle corresponds to the 
separation of the two heads of the muscle. In the apex, 
the carotid pulse is felt, and the artery is gently retracted to the 
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Table 1 Hemodynamic Changes in Pregnancy 


Cardiac output (L/min) 

Heart rate (beats/min) 

Stroke volume (mL) 

Systemic vascular resistance (dynes x s x cm”) 
Pulmonary vascular resistance (dynes x s x cm”) 
Colloid oncotic pressure (mmHg) 

Mean arterial pressure (mmHg) 

Pulmonary capillary wedge pressure (mmHg) 
Central venous pressure (mmHg) 

Left ventricular stroke work index (g x min x m’) 
Blood volume (L) 

Plasma volume (L) 


midline (the IJ usually is located lateral to the carotid pulse). 
The needle should be inserted at the apex level just lateral to 
the carotid pulse. The site is prepared and draped in a sterile 
fashion. The operator is gowned and gloved for gaining 
venous access and for positioning the catheter. The patient is 
positioned, and the head is tilted to the side opposite to the 
vessel selected for cannulation. The Trendelenburg position 
aids in distending the venous caliber. With the use of 1% 
xylocaine and a 21- or 22-gauge 2-inch needle, the skin is 
injected and a wheal is made over the planned cannulation 
site. The needle is then advanced with the bevel up at a 45’ 
angle toward the ipsilateral nipple. Turning the patient’s head 
to the opposite side will straighten the course of the vein and 
thus facilitate the procedure. The right side is usually 
preferred since it has a straighter course toward the superior 
vena cava. In most cases, the vein will be found at a depth of 
less than 2 cm. Often the vein walls will collapse against each 
other by the pressure of the needle, and the vessel is 
completely penetrated without blood return. Slow retraction 
of the needle while maintaining negative pressure on the 
syringe will overcome this problem, as during retraction, the 
needle will re-enter the vessel and blood return will be 
obtained. Once the vessel is located with this “finding 
needle,” an 18-gauge needle is used to puncture the vein 
following the tract established with the initial small needle. 
After this, the syringe is detached from the needle (which 
should stay in place), and a guidewire is advanced through it. 
After the wire is passed into the vessel, the needle is 
withdrawn over the wire. A scalpel is used to make a 5-mm 
cut in the skin, following which the larger venous dilator is 
inserted to dilate the tract. After this, the dilator is removed, 
and the catheter is advanced over the guidewire. The wire is 
then withdrawn, and the catheter remains in place. This same 
principle (Seldinger) is applied for the placement of lines in 
the subclavian or femoral veins. 

When using ultrasound guidance for IJ catheter insertion, 
blood is hypoechoic and appears dark on the ultrasound 
screen with the IJ typically seen anterior and lateral to the 
carotid artery. The IJ vein can be distinguished from the artery 
because it is compressible, nonpulsatile, and distended by 
Trendelenburg position or the Valsalva maneuver (10). There 
are several factors that must be considered when using the 
ultrasound for IJ catheter insertion: (i) excessive pressure 
applied to the transducer decreases IJ vein diameter, making it 
harder to access; (ii) extreme contralateral head rotation can 
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decrease IJ vein diameter and increase overlap onto the carotid 
artery; (iii) employing the Trendelenburg position and using 
correct head positioning can significantly increase IJ vein 
diameter and facilitate placement; and (iv) patient intravas- 
cular volume status can affect the size of the IJ. 

Passage of a needle into the IJ can be done with either a 
transverse (short axis) view or a longitudinal (long axis) view. 
The transverse view is associated with a shorter learning curve 
and makes it easier to visualize smaller vessels (10). Using the 
longitudinal (long axis) view, as recommended by the 
American College of Emergency Physicians, allows better 
visualization of the advancing needle tip, which may reduce 
perforation of the posterior wall of the vessel and potential 
entry into the artery (10). 

Figure 1 illustrates the placement of a CVC in the IJ site. 


Subclavian Vein 

Due to the low risk of thrombosis and infection, in addition to 
the patient’s comfort and easy access, the subclavian vein is the 
preferred site for CVC placement in the ICU setting. 

Coagulopathy is a relative contraindication since in the 
event of bleeding, the vessels (subclavian vein or artery) are not 
directly accessible for compression. 

The subclavian vein lies just beneath the clavicle. Exposure 
of the vein may be improved by placing a small rolled towel 
between the shoulder blades. The right side is also preferred 
since the right lung apex is lower than the left, diminishing the 
chances of a pneumothorax when this side is chosen. Also 
injuries to the thoracic duct may happen (albeit infrequently) 
when attempting to access the left subclavian vein. 

The head of the patient is turned to the opposite side, and 
Trendelenburg positioning is accomplished. The entry site is 
usually 2 to 3cm caudal to the midpoint of the clavicle. The 
18-gauge introducer needle is advanced with the bevel up 
toward the sternal notch and beneath the clavicle. Care 
should be taken to avoid directing the needle too caudally 
(risk of pneumothorax) or too cephalad (risk of subclavian 
artery puncture). Once blood flow is obtained, the bevel 
should be rotated 90’ clockwise so that the wire, when 
advanced, will follow the direction toward the superior vena 
cava. The Seldinger technique is then followed to advance 
the catheter. 

When considering the subclavian vein, several recent 
articles have suggested that ultrasound can increase the 
likelihood of successful placement of a subclavian catheter 
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Figure 1 Placement of a central venous catheter in the right internal jugular vein. 


despite the presence of the clavicle (12). In addition, 
Doppler can also be used to distinguish artery from vein 
due to the difficulty in identifying the vein by compression 
alone (13). 

Figure 2 illustrates the placement of a CVC in the 
subclavian site. 


Femoral Vein 

Placement of the femoral catheter begins with optimal 
exposure of the femoral region by externally rotating and 
abducting the leg away from the midline. The femoral vein is 
1 to 2cm medial to the artery and runs distal to the inguinal 
ligament. The vein can be located by palpating the pulsating 
femoral artery. The site must be prepped and draped and the 
insertion site must be anesthetized with local anesthesia. The 
introducer needle should then be inserted at a 45’ angle 
directed along the course of the vein 2 cm below the inguinal 
ligament (2cm below an imaginary line that connects the 
symphysis pubis and the superior—anterior iliac crest). Avoid 
puncturing above the inguinal ligament since retroperitoneal 
hemorrhage may ensue. The femoral artery should be palpated 
at all times while introducing and advancing the needle in an 
attempt to avoid femoral artery puncture. 

When compared with the IJ and subclavian vein cannula- 
tions, femoral catheters are associated with higher risk of 
infection, thrombosis, and arterial puncture (5). Inadvertent 
puncture of the femoral artery can be resolved with direct 
pressure. As with the IJ and subclavian veins, ultrasound has 
been shown to increase success and reduce complications in 
femoral catheter placement (11). 
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Source: With permission from New England Journal of Medicine. 


ARTERIAL LINES 

The preparation for arterial line (A-line) placement begins 
with sterile preparation of the site, local anesthesia of the 
insertion site, and positioning of the patient’s wrist on a hand 
board in the dorsiflexed position (14). The radial artery is 
located 1 to 2 cm from the wrist, between the bony head of the 
distal radius and the flexor carpi radialis tendon. The two 
techniques for A-line placement (over-the-wire and over-the- 
needle) begin with palpation of the artery and location of the 
radial pulse followed by entry of the needle at a 30’°—45’ angle. 
In the over-the-wire technique, the catheter is advanced 
through the artery until a flash of blood is noted. At this point, 
both the needle and the catheter are advanced 1 cm deeper in 
order to completely transect the artery. After this, the needle is 
removed and the catheter is lowered until it is almost parallel 
with the skin. The catheter is pulled gently until pulsatile blood 
is noted. At this point, the guidewire is introduced, and then 
the catheter is advanced into the artery through the guidewire. 
Finally, pressure should be placed proximal to the catheter and 
the wire removed. For the over-the-needle technique, the 
needle is advanced slowly through the skin until a flash of 
blood is seen. The needle is then lowered 10-15’, and the 
catheter is advanced into the artery. The catheter is then 
secured in place. 

Continuous blood pressure monitoring is mandatory in 
patients requiring vasopressors. 

Use of the radial artery is commonly employed due to the 
dual arterial supply of the hand by the ulnar artery (7). 
However, the radial artery is susceptible to vasospasm and 
hematoma formation after multiple cannulation attempts. In a 
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Figure 2 Placement of a central venous catheter in the right subclavian vein. Source: With permission from New England Journal of Medicine. 


prospective randomized study by Levin et al. comparing 
ultrasound-guided radial artery cannulation versus the tradi- 
tional palpation technique, two-dimensional ultrasound- 
guided catheterization was superior to palpation for first 
insertion attempt and overall total number of attempts (15). 


CENTRAL VENOUS PRESSURE 

One of the main goals of hemodynamic monitoring is to 
predict which patients will improve their hemodynamic 
conditions when a fluid bolus is given. This is of outmost 
importance since excessive fluid administration may lead to 
unwanted consequences such as cerebral edema, pulmonary 
edema, heart edema with diastolic dysfunction, bowel edema 
and intra-abdominal hypertension, and poor wound and 
anastomotic healing, among others. Obstetricians are faced 
with this challenge frequently when deciding to administrate 
fluids to a pre-eclamptic patient. 

Central venous pressure (CVP) is the pressure measured 
through a CVC placed with its distal tip at the junction of the 
superior vena cava and the right atrium. Such a catheter is 
attached to a fluid-filled system and a pressure transducer, 
producing a characteristic waveform in the monitor (Fig. 3). 


Clinical use of CVP requires careful attention in order to 
achieve proper measurements (16). The anatomical site to 
“zero” the line should be 5cm vertically below the sternal 
angle, which corresponds to the midpoint of the right atrium. 

If one desires to estimate cardiac preload, the CVP 
measurement should be done at the base of the “c” wave 
(Fig. 3). This corresponds to the last pressure estimate prior to 
ventricular contraction, thus yielding the best estimate of 
cardiac preload. In cases where the “c” wave of the CVP 
tracing cannot be identified, the base of the “a” wave may be 
used. Alternatively, this point may be identified by tracing a 
vertical line from the Q wave of the continuous EKG tracing in 
the monitor (16). All estimates should be performed at the end 
of expiration (17). Simply reading the CVP value displaced in 
the monitor is inaccurate since this is an average of pressures 
taken over time irrespective of the diastolic cycle. 

CVP variations during the respiratory cycle have classically 
been associated with hypovolemia. In spontaneously breathing 
patients and in mechanically ventilated patients with triggered 
efforts, an inspiratory fall in CVP (measured at the base of the 
“c” or “a” wave) greater than 1 mmHg may indicate fluid 
responsiveness. 
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Figure 3 Central venous pressure waveform. Wave 


A CVP tracing with a prominent “y” descent usually 
indicates that cardiac output (CO) will not increase with fluid 
administration (16). 

CVP has been used as a monitor of central blood volume 
and thus preload to the heart. This latter concept has been 
challenged during the last years as CVP is affected by multiple 
factors such as right ventricular compliance, tricuspid valve 
regurgitation, positive pressure ventilation, pericardial disease, 
vascular tone, and arrhythmias (18). 

For example, patients with decreased right-sided CO 
secondary to a myocardial infarction or pulmonary hyperten- 
sion or an acute pulmonary embolism will all have elevated 
CVP, and this will show no correlation with the overall volume 
status. The same situation is typical in patients with cardiac 
tamponade, where despite elevated CVP values, initial therapy 
includes aggressive fluid resuscitation. 

The major pitfall of CVP in predicting fluid responsiveness 
is that it is a static preload measurement. The latter means that 
a specific value of CVP will not necessarily guarantee an 
increase in CO after a fluid challenge. A recent trial showed 
that among patients with a CVP of less than 8 mmHg, the 
positive predictive value for fluid responsiveness, defined as an 
increase in cardiac index of 215%, was only 47% (19). 

A systematic review of the literature showed that there was no 
association between CVP values and circulating blood volume 
and that CVP does not predict fluid responsiveness (20). 
Furthermore, the receiver operator characteristic curve for 
CVP was only 0.56. This means that a low CVP will predict an 
increase in CO in only 56% of the cases. This is similar to 
flipping a coin! 

Thus, a patient is equally likely to respond to fluid with a 
low or a high CVP (20). Despite lack of scientific evidence, the 
2008 Surviving Sepsis Campaign still recommends utilizing 
CVP as an end point for fluid resuscitation in the setting of 
septic shock (21). 

During early sepsis (first 6 hours of presentation), the use 
of a CVP-guided protocol of resuscitation as shown by 
Rivers et al. did improve outcomes (22). We believe that the 
use of CVP in these first hours of sepsis management is 
acceptable. 

Most of the recent literature concurs in that CVP should 
not be used to guide fluid management. However, CVP may 
still be useful as a marker of right ventricular performance in 
cases of right-sided myocardial infarction, post heart 
transplant, pulmonary hypertension, and acute pulmonary 
embolism (20). 


PULMONARY ARTERY OCCLUSION PRESSURE 
The pulmonary artery catheter (PAC) allows one to measure 
multiple hemodynamic variables. The catheter is 110 cm long 


corresponds to atrial contraction and wave 
isovolumetric contraction of the right ventricle, which displaces the tricuspid leaflets upward, causing an increase in pressure in the right atrium. Wave “v 
corresponds to passive right atrium filling during early diastole. The correct place to measure CVP is shown by the asterisks, which approximate the base of 


wave “c” 


“c” is secondary to the closure of the tricuspid valve and the 
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and contains a variable amount of ports. An infusion port is 
usually present. The proximal port connects to the proximal 
lumen, which is located 30 cm proximal to the distal end of the 
catheter. This port, when connected to a fluid-filled system 
and a pressure transducer, permits continuous measurement 
of the CVP. The distal port allows continuous measurements 
of pulmonary artery pressures. An additional port allows a 
syringe (with 1.5 mL of air) to be connected to it. By inflating 
this port, one inflates the balloon present in the distal part of 
the catheter. When this happens, blood flow after that point 
will be interrupted due to vascular occlusion secondary to the 
inflated balloon. The pressure immediately distal to the 
balloon, when inflated, is the pulmonary artery occlusion 
pressure (PAOP). PAOP is also measured at the end of 
expiration. This, theoretically, is a surrogate of the left 
ventricular filling pressure at the end of diastole since a 
“column” of blood will be present between the site of balloon 
inflation (in a branch of the pulmonary arterial system), the 
pulmonary venous system, the left atrium, the mitral valve, 
and, finally, the left ventricle (LV). 

The catheter also allows measuring the CO by the 
thermodilution method. Once the CO is calculated, the 
systemic vascular resistances (SVR) are also calculated as 
follows: SVR = (MAP—CVP/CO) x 80, where MAP is the 
mean arterial pressure. 

The PAC is advanced through a larger introducer, which is 
placed as any other central line with the Seldinger technique. 
The two preferred approaches to float? a Swan—Ganz catheter 
are the right IJ vein and the left subclavian vein. As the catheter 
is advanced, characteristic waveform changes will occur as its 
tip enters the right atrium, right ventricle, and pulmonary 
artery as well as when the inflated balloon occludes the vessel 
completely (PAOP). Figure 4 depicts these waveform changes. 

Complications with the use of the PAC include pneu- 
mothorax, hemothorax, arrhythmias, pulmonary infarcts and 
hemorrhages, and heparin-induced thrombocytopenia, 
among others. Extreme care is recommended when obtaining 
a PAOP value in the patient with severe pulmonary 
hypertension, where pulmonary hemorrhage may occur while 
obstructing blood flow with the inflated balloon. 

Recent literature has questioned the benefit of the PAC in 
clinical practice. A recent trial involving patients with acute 
lung injury and adult respiratory distress syndrome (ARDS) 
showed that the PAC did not improve outcomes as compared 
with patients managed with a conventional CVP line (23). 
Another prospective cohort study including patients with 
severe sepsis also showed no benefit from the PAC (24). A 
randomized multicenter control study including patients with 
shock, ARDS, or both similarly showed no benefit from the 
PAC (25). Similar findings have been reported in the setting of 
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Figure 4 As the pulmonary artery catheter is advanced, the waveform analysis in the monitor will display typical patterns according to the anatomical site, where 
the tip is located. When the tip of the pulmonary artery catheter (PAC) is in the superior vena cava and right atrium, the waveform corresponds to the central 
venous pressure tracing. Entrance to the right ventricle leads to a sudden increase in the systolic pressure (15-30 mmHg) with the same diastolic pressure as on the 
right atrium (0-8 mmHg). As the PAC is advanced more deeply, the pulmonary artery is entered. The latter leads to an increase in diastolic pressure (6-12 
mmHg) with the same previous systolic pressure seen in the right ventricle. Also the entrance to the pulmonary artery may be noticed by the appearance of a notch 
in the waveform caused by the closure of the pulmonary valve. If one keeps advancing the catheter, one will notice in the monitor the tracing of the pulmonary 
artery occlusion pressure (PAOP) when the balloon obstructs the flow distal to its position. This pressure should generally be less than the pulmonary artery 


diastolic pressure and is always measured at the end of expiration. 


Cardiac output curve: 
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(recruitable cardiac output) 


Preload 


Figure 5 Frank—Starling curve. When the heart operates in the steep portion 
of this curve, it will respond by increasing stroke volume in the setting of a 
fluid bolus. 


congestive heart failure, general critical illness, and high-risk 
perioperative patients (26). In trauma patients, most trials 
have shown no benefit with the use of the PAC to manage 
resuscitation. Only one trial, to our knowledge, showed a 
decrease in mortality in a subset of trauma patients (severely 
injured with severe shock and elderly patients with moderate 
shock) (27). 

The use of PAOP to predict fluid responsiveness has the 
same limitations discussed previously for the CVP. It is a static 
measurement of preload and consequently does not predict 
fluid responsiveness (28). A PAOP of <12 mmHg predicted 
fluid responsiveness (defined as an increase in cardiac index of 
at least 15%) in only 54% of critically ill septic patients (19). 
This is not surprising since PAOP is not a reliable surrogate of 
the left ventricular filling pressure; it only reflects the internal 
pressure of the pulmonary veins relative to atmospheric 
pressure (18). This measurement is also widely affected by 
multiple factors. Positive end-expiratory pressure increases 
PAOP. Of particular concern in obstetrics, pre-eclamptic 
patients frequently have left ventricular diastolic dysfunction. 
The latter means that the ventricle will be unable to 
accommodate significant amounts of fluid. This will cause 
retrograde accumulation of blood, providing high values in 
PAOP despite a hypovolemic state. 


Significant increases in afterload will diminish left ventri- 
cular stroke volume. This will also elevate PAOP despite no 
changes in total blood volume. 

Again, the adequacy of intravascular volume cannot be 
assessed by one CVP or PAOP (29). 

Classic obstetrical literature has attempted to provide a list 
of clinical scenarios where the PAC is usually indicated (e.g., 
severe pre-eclampsia not responsive to anti-hypertensive 
therapy, difficult to manage pulmonary edema, acute kidney 
injury in the setting of pre-eclampsia); however, it is our 
opinion that most of these patients can be managed safely 
without this device. 

We favor dynamic measurements of preload responsiveness, 
where the hemodynamic effect after a fluid challenge can be 
assessed at the bedside, as will be discussed later in this 
chapter. 


ECHOCARDIOGRAPHY AND FLUID STATUS 

The use of transthoracic echocardiography (TTE) may be 
useful in evaluating hemodynamics. This is an attractive 
option due to the noninvasiveness of the technique. 

Simple subjective assessment of the left ventricular volume 
by estimating the left ventricular size may aid in guiding fluid 
therapy (30). A small hyperdynamic LV is typical of 
hypovolemic patients. Also systolic obliteration of the left 
ventricular cavity is very suggestive of decreased blood 
volume (30). 

Obviously, certain limitations exist. A large LV end-diastolic 
area does not always guarantee adequate preload as this may be 
secondary to LV dilation in the setting of heart failure. On the 
contrary, a small LV end-diastolic area (frequently suggestive 
of hypovolemia) may be present in patients with a significant 
drop in SVR (e.g., sepsis), which favor LV emptying. 

Circulating volume status may also be evaluated indirectly 
by assessing the change in diameter of the inferior vena cava 
(IVC) during the respiratory cycle (31). During spontaneous 
breathing, the negative pressure generated in the thoracic 
cavity during inspiration will favor preload return to the right 
heart; this will decrease the caliber of the IVC. The more 
pronounced the respiratory variation in the IVC diameter, the 
more likely right atrial pressures will be low (and theoretically, 
the more likely the patient will respond to a fluid bolus). A 
dilated IVC (diameter more than 2 cm) that does not decrease 
caliber during spontaneous inspiration is indicative of high 
right atrial pressures (30). 
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Figure 6 Example of pulse pressure (PP) variation in an arterial line tracing. In this situation, the double line is the maximal PP, while single line corresponds to 
the minimal PP. This variation in PP in patients on mechanical ventilation predicts fluid responsiveness. 
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Figure 7 When oxygen delivery (DO) is compromised, tissues will increase extraction of O, from hemoglobin. As a consequence, evaluation in the central venous 
circulation will reveal low hemoglobin oxygen saturation. Abbreviations: CO, cardiac output; Hb, hemoglobin; SVC, superior vena cava. 


Some data suggest that using a 12% cutoff in IVC diameter 
variation with respiration will predict fluid responsiveness 
with a positive predictive value of 93% (32). 

The accuracy of the IVC diameter in predicting fluid 
responsiveness in patients mechanically ventilated is signifi- 
cantly decreased, as the increased intrathoracic pressures may 
prevent IVC collapse. Also the application of this method 
during pregnancy is unknown. 

Other methods used to asses LV volume include left 
ventricular end-diastolic measurements. A left ventricular 
end-diastolic diameter smaller than 2.5cm or an LV end- 
diastolic area less than 55cm” is typically associated with 
hypovolemia (33). 

Just like CVP and PAOP, most of these echocardiographic- 
based measurements are static measures of volume status and, 
as such, poorly predict fluid responsiveness (34). 


PULSE PRESSURE VARIATION 

Since static preload measurements (CVP, PAOP, LV end- 
diastolic measurements) are no better than random chance at 
predicting fluid responsiveness, other dynamic approaches 
have come into clinical practice. 

Pulse pressure (PP) is the difference between systolic and 
diastolic pressures. The use of pulse pressure variation (PPV) 
to predict fluid responsiveness applies only to patients on 
mechanical ventilation, not triggering the ventilator, with tidal 
volumes of 8 to 10 mL/kg, and in sinus heart rhythm. 

A recent prospective observational study found that PPV 
was still an adequate tool to predict fluid responsiveness 
despite the use of lower tidal volumes (6 mL/kg in setting of 
ARDS) (34,35). 


During conventional mechanical ventilation, each time the 
ventilator delivers the tidal volume, right atrial pressure will 
increase. This increase in pressure will decrease preload to the 
right ventricle in patients who are preload responsive (28). By 
achieving this, there will be less leftward displacement of the 
interventricular septum, allowing more filling of the LV. Tidal 
volume delivery also squeezes® the lungs, increasing volume 
return to the LV through the pulmonary venous system. In 
addition, during this inspiratory phase, the left ventricular 
afterload will be significantly decreased. All of the above will 
lead to an increase in LV stroke volume during inspiration 
(reversed pulsus paradoxus) (36). This means that during 
inspiration, PP will increase. If the variation in PP during 
inspiration and expiration is larger than 13%, patients will 
likely respond to fluids. Ventilator-induced cyclic changes in 
preload to both right and left ventricles are more pronounced 
when the ventricles operate on the steep portion of the Frank- 
Starling curve (Fig. 5). 

In patients with an arterial line in place, the latter is 
relatively easy to identify at the bedside. The arterial line 
tracing is evaluated over a period of 30 to 60 seconds, and the 
maximal and minimal PPs are recorded (Fig. 6). The PPV is 
then calculated by using the following formula: PPV = [Max 
PP—min PP/(max PP+min PP)0.5] x 100. If PPV is >13%, 
patients will respond to a fluid bolus (28). 

The latter concept may also be applied to the pulse oximetry 
plethysmographic curve (36). A sharp waveform with a clear 
dicrotic notch indicates adequate peripheral perfusion, while a 
sinus-shaped waveform reflects poor perfusion. Actually, the 
height of the pulse oximetry curve correlates well with PP (36). 
Consequently, in mechanically ventilated patients who meet 
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the same criteria cited above for PPV evaluation, respiratory- 
induced changes in the plethysmographic waveform is a useful 
method to predict fluid responsiveness. 


PASSIVE LEG RAISING 

Passive leg raising (PLR) is a useful method to predict fluid 
responsiveness. Unlike PPV, PLR may be used in patients 
who are spontaneously breathing or triggering the ventilator. 
It may also be used despite the presence of cardiac 
arrhythmias (34). 

This test simply involves elevation of the lower extremities 
at a 30’ to 45’ angle for 1 minute. The maneuver causes a 
300-mL blood bolus that will persist for up to 3 minutes before 
intravascular volume redistribution happens (28). Ideally, 
while doing PLR, some form of real-time measurement of 
blood flow should be available (e.g., esophageal Doppler 
monitoring allowing continuous measurement of both 
diameter and blood velocity in the aorta) in order to evaluate 
the immediate cardiovascular response to the maneuver. 
Patients who will respond to fluids (by increasing CO) will 
display an increase in aortic blood flow and diameter. 

The latter technology is not widely available. A recent trial 
utilized TTE to evaluate response to PLR. A stroke volume 
increase higher than 13% after PLR predicted fluid 
responsiveness with a sensitivity of 77% and a specificity 
of 100% (37). 

During pregnancy, mechanical compression by the uterus 
to the IVC may alter the response to this maneuver. No data 
are available about this issue. 


SVO, AND SCVO, 

SvO,; is the saturation of hemoglobin measured from a sample 
of blood obtained from the pulmonary circulation. This may 
be accomplished by sampling through the distal lumen of a 
PAC. The normal value is >65%. 

ScvO, is the hemoglobin saturation of a sample obtained at 
the junction of the superior vena cava and the right atrium. 
Collecting this sample only requires the presence of a regular 
CVC. The normal value is >70%. 

During pregnancy, there is an increase in basal metabolic 
rate of 20% as compared with an increase in CO of 40% to 
50%. The higher the CO, the faster the red blood cell travels 
through the distal tissues. The latter will decrease the available 
time of perfused tissues to extract oxygen from hemoglobin, 
leading to higher hemoglobin saturation in the venous 
circulation. Consequently, one would expect that during 
pregnancy, SvO, (and probably ScvO,) would be higher than 
nonpregnant values. However, Hankins and colleagues 
reported an SvO, of 72% in a group of normal pregnant 
women who received a PAC during the third trimester (38). 
This is not different from the values reported in healthy 
nonpregnant individuals. 

Decreased values associate with poor oxygen delivery since 
hypoperfused tissues will extract more oxygen from hemoglo- 
bin, leading to low hemoglobin saturations in the venous pool 
(Fig. 7). 

The clinician may attempt to correct low values by 
increasing resuscitation efforts including fluid resuscitation, 
blood transfusions, inotropic support, and decreasing 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


oxygen consumption through mechanical ventilation and 
sedation. 

ScvO, monitoring has decreased mortality when used to 
guide resuscitation during early sepsis management (22). 

No data exist on the use of these parameters to guide 
resuscitation during pregnancy. 
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13 Shoulder dystocia 


Randall C. Floyd and James S. Smeltzer 


One of the most frightening experiences in obstetrics is the 
failure of the shoulders to deliver spontaneously. This 
sequence, the cardinal sign of its occurrence, and the usual 
methods and frequently tragic consequences of its inappropri- 
ate management were described most vividly by Morris (1): 


Antenatally, a careful observer may have recog- 
nized that the child was unusually large, though 
this is notoriously difficult to judge ... it may have 
been necessary to intervene in the second stage ... 
The hairy scalp slides out with reluctance. When 
the forehead has appeared it is necessary to press 
back the perineum to deliver the face. Fat cheeks 
eventually emerge. A double chin has to be 
hooked over the vulval commissure, to which it 
remains tightly opposed [Turtle sign] ... Time 
passes. The child’s face becomes suffused ... 
Abdominal efforts by the mother or by her 
attendants produce no advance, gentle head 
traction is equally unavailing. Usually equanimity 
forsakes the attendants. They push, they pull. 
Alarm increases. Eventually “by greater strength 
of muscle or by some infernal juggle” the 
difficulty appears to be overcome ... It dawns 
on the attendants that their anxiety was not ill- 
founded, the baby lies limp and voiceless, and 
only too often remains so. 


Such a disaster, not only the more common but also tragic 
result of fetal brachial plexus injury, can usually be averted 
by appropriate management. This management is based on 
a solid understanding of the biomechanics of normal 
shoulder delivery and of shoulder dystocia and the 
pathophysiology of excessive fetal growth. The steps in this 
management are prevention of the condition when it can be 
prevented prenatally, detection of the possibly large infant, 
and avoidance of operative vaginal delivery, preparation for 
the possible occurrence of shoulder dystocia when a large 
infant is anticipated, prompt recognition of the dystocia 
when it occurs, and employment of maneuvers with proven 
effectiveness, which are least likely to harm the fetus or 
mother. 


THE MECHANISM OF SHOULDER DYSTOCIA 

The mechanism of normal shoulder delivery can be partly 
verified by pelvic examination of a normal patient after 
delivery of the fetal head, if there is a generous episiotomy. 
During delivery of the head, one shoulder has entered the 
pelvis obliquely and is resting in the sciatic notch or hollow of 
the sacrum. This is the posterior shoulder on restitution. The 
identity of this shoulder, not any “memory” of previous 
attitude, determines the direction of “restitution” (1,2). This 


position in the hollow of the sacrum or sacrosciatic notch 
provides room for the anterior shoulder to slide under the 
pubis or rotate from the obturator foramen. The turtle sign of 
fetal head retraction after delivery indicates that the above 
sequence has not occurred and that a shoulder dystocia exists. 

The position of the shoulders in shoulder dystocia is 
anterior—posterior. In the more common high dystocia, the 
posterior shoulder is lodged at the inlet on the sacral 
promontory and the anterior shoulder is wedged against the 
pubis (1,3,4) (Fig. 1). The turtle sign is produced by traction 
between the delivered head and the posterior shoulder, and 
this traction locks the shoulders in an unfavorable position. 
As observed by Jacquemier (5) and by Woods (6) and 
demonstrated conclusively by Schwartz and Dixon (3), direct 
traction and pressure applied to such a “locked” position are 
likely to fail both to deliver the infant and to produce injury. 
This position will not let the posterior shoulder enter the 
pelvis, will not provide room for the anterior shoulder to slip 
under the pubis, and will stretch the cervical brachial plexus 
roots of the posterior arm, causing a greater chance of injury 
to this plexus (7). 

This ominous situation occurs because the shoulders do not 
normally fit through the pelvic inlet together, and the shoulder 
destined to be the posterior must enter first. This fact is 
ignored by most writers on the subject, but is ascertainable by 
episiotomy and pelvic examination before performing man- 
euvers when the turtle sign is present. Most term infants have a 
minimum shoulder diameter that is greater than the max- 
imum diameter of the normal maternal pelvic inlet and cannot 
traverse it together (8). The gynecoid pelvis, perfectly adapted 
to the delivery of the fetal head, has a higher relative risk for 
shoulder dystocia than other types, and maternal pelvic 
capacity is not an absolute factor in shoulder dystocia and 
fetal brachial plexus injury (9). 

This situation can be made worse by ignorance and panic. 
The parturient wants to push the baby out, perhaps with the 
“help” from others by fundal pressure, further wedging the 
shoulders at the inlet. Attempting to push the anterior 
shoulder through the inlet with suprapubic pressure would 
further impact the posterior shoulder. The inclination of the 
novice accoucheur is to overcome the impaction by force, 
pulling the fetal head posteriorly, which stretches the brachial 
plexus of the anterior arm, or inferiorly, which further 
stretches the plexus of the posterior arm. The fetus is lucky if 
dystocia is mild or the obstruction is overcome by the fracture 
of a clavicle, either spontaneously or by the use of suprapubic 
pressure. The inclination to use suprapubic pressure is 
reinforced by many articles and texts on shoulder dystocia. 
It is usually ineffective in high dystocia (10) and should not be 
used until it is verified that the posterior shoulder is in the 
pelvis or in an attempt to fracture the clavicle. Once the 
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posterior shoulder is definitely in the pelvis, suprapubic 2. Rotate the posterior shoulder into an oblique 
pressure becomes rational, indicated, and likely to work. diameter. Rock the anterior shoulder abdominally 
The pelvic inlet, like the walls of Troy, cannot be breached by or push the posterior forward from behind (Rubin 
force without unacceptable loss (3,5,11,12). The posterior maneuver) (8), push the distal clavicle back from in 
shoulder alone, like the Trojan horse, is small and mobile and front (Woods maneuver) (6), or do this while 
can enter easily if permitted to do so. Once the posterior pushing the anterior shoulder in the opposite 
shoulder is in the pelvis, the anterior usually has room to direction from behind above the pubis with the 
traverse the pubis or can be persuaded to do so by other means. opposite hand (DeLee maneuver). If the shoulders 
The mechanism of successful treatment of the normal high rotate in either direction, the posterior shoulder will 
shoulder dystocia is to break the tie that occurs at the pelvic inlet enter the pelvis. 
and emulate the natural sequence of shoulder delivery. 3. If the posterior shoulder cannot be rotated, it will 
Successful treatments involve the following principles (Table 1): enter the pelvis over the sacral promontory when 


1. Relieve the traction that is locking the posterior the posterior arm is delivered (Jacquemier maneu- 
shoulder in an undeliverable position. This is the ver) (3,5). 


opposite of the pushing and pulling that is some- 4. When there is insufficient room to deliver the 
anterior shoulder with the posterior shoulder in the 


pelvis (either turtle sign absent or after delivery of 
the posterior shoulder into the pelvis), the anterior 
arm can be delivered (Couder maneuver), which 
brings the anterior shoulder out under the pubis. 
This is the authors’ choice. Alternatively, the 

shoulders can be rotated until the posterior is 
Pa i anterior and delivered under the pubis. This 
requires the posterior shoulder to be inferior to 


times employed. Traction is relieved by a large 
episiotomy, McRoberts maneuver or supine squat 
(12), and the Hibbard maneuver or partial cephalic 
replacement (4). 


a È the spines (2,6). Once the posterior shoulder is 
, delivered under the pubis, the anterior shoulder is 
NN now posterior, is in the pelvis, and can be 


spontaneously delivered. 
5. If all these fail, relax the uterus, replace the head 
Cp and perform a cesarean section (Zavanelli maneu- 
ver) (13), or perform a symphysiotomy (14). 


6. If shoulder dystocia should occur during an in-bed 
delivery outside the delivery room, these maneuvers 


E will be difficult or impossible in the supine position. 
So If the McRoberts maneuver cannot be applied, or 
yi fails, the hands-and-knees position (15), the knee- 


chest position, or the squat (15) should be used. 
The first two positions give good access to the 
posterior shoulder and arm if necessary. These all 
Figure 1 Classic shoulder dystocia. The head is delivered, but retracted by the give a favorable angulation of the pelvis, and gravity 


tension between the chin and the shoulder, which are at the inlet. Further aids rather than impe des release of the posterior 
progress for the anterior shoulder or fetus is not safe until the posterior enters i 
shoulder from the inlet. 


the pelvis. 


Table 1 Sequence of Action When Shoulder Dystocia is Encountered 


1 Recognize turtle sign: posterior shoulder is arrested at inlet or high in pelvis. Anterior shoulder is not deliverable and do not 
attempt to deliver it 


2 Obtain help for McRoberts maneuver, neonatal resuscitation, and anesthesia 
3 Perform McRoberts maneuver. Insure adequate flexion of hips (knees to shoulders). If it fails, reapply and continue 
4 If turtle sign is released, attempt gentle delivery of anterior shoulder 
5 If turtle sign is not released or anterior does not progress, cut generous episiotomy 
6 Examine patient vaginally: Where is posterior shoulder? Is there a fetal tumor obstructing delivery? 
7 Unlock locked shoulders with partial cephalic replacement 
8 Rotate posterior shoulder off symphysis or under pubis symphysis if in pelvis 
9 Deliver posterior arm across chest (Jacquemier maneuver) if posterior shoulder not in pelvis. This delivers posterior shoulder into pelvis 
10 Deliver anterior arm (Couder maneuver) or use suprapubic pressure if posterior shoulder is in pelvis and anterior not delivered. 
This delivers the anterior shoulder under pubis symphysis 
11 If this is not possible, rotate posterior shoulder to anterior (delivered position). Anterior will now be in mid-pelvis and deliverable 
(Woods maneuver) 
12 Relax uterus, replace head, and perform cesarean section (Zavanelli maneuver) if above measures cannot be performed for some 


reason or fetus has a tumor obstructing delivery 


SHOULDER DYSTOCIA 


PREVENTION 

The incidence of shoulder dystocia is 0.2% to 0.8% and this 
risk increases directly with birth weight, especially among 
macrosomic infants. There is no way to predict with any 
confidence that a shoulder dystocia will occur in a particular 
delivery, however (16-19). 

Shoulder dystocia cannot be strictly prevented because 
normal term fetuses, with shoulders wider than the fetal head, 
are at some risk for shoulder dystocia, and most infants of 
mothers without diabetes with shoulder dystocia are not 
macrosomic (16-20). The risk is increased by factors that 
increase the discrepancy between fetal body and shoulder size 
and head size. About two-thirds of fetuses with shoulder 
dystocia are male. The risks for macrosomia and shoulder 
dystocia are increased by a history of prior shoulder dystocia, 
prior large infant, and a large maternal birth weight. The 
mnemonic DOPE—diabetes, obesity, prolonged pregnancy, 
and excessive fetal size or maternal weight gain—indicates 
current pregnancy factors that should alert the clinician to an 
increased risk for shoulder dystocia (Table 2). 


PROLONGED PREGNANCY 

As body growth continues and head growth diminishes at 
term, shoulder dystocia risk increases with prolonged 
pregnancy and is negligible before term. The incidence of 
shoulder dystocia in pregnancies beyond 41 weeks is 1.5%, but 
the risks of macrosomia (5.2% >4500 g), birth trauma (0.7%), 
and shoulder dystocia were not reduced by routine induction 
of labor at 41 weeks versus observation and antenatal testing in 
one randomized study of 3407 pregnancies. However, cesarean 
section for fetal distress was reduced by routine induction 
using prostaglandin gel at 41 weeks (21), thus induction at 
term may be of use. 

Fetal body and bone growth, unlike brain growth, are 
sensitive to fetal insulin, which in turn responds to a maternal- 
fetal glucose load. Maternal conditions such as diabetes, 
gestational glucose intolerance, excessive weight gain, and 
obesity can cause fetal overnutrition and are associated with an 
increased risk for macrosomia, operative delivery, and 
shoulder dystocia (16-20). 


OBESITY 

Maternal obesity is not preventable but is treatable. Past 
blanket proscriptions against excessive weight gain were 
obviously misguided. A woman who starts pregnancy 50 kg 
overweight already has caloric reserves that are the equivalent 
of 200 days of a normal diet. Her ideal weight gain is in the 
range of 5-10 kg. Moreover, fat exacerbates the normal 
gestational resistance to insulin and thus provides the fetus 


Table 2 Prevention of Shoulder Dystocia and Injury 
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excess glucose. A balanced diet emphasizing complex 
carbohydrates, moderate portion size, distribution of calories 
throughout the day, and high fiber intake (22) would seem 
prudent. These women should know that the objective is not 
to lose weight, but to limit heavy intake of simple sugars and 
provide the fetus with appropriate nutrition. The urine should 
be checked for ketones if weight gain is not adequate, and 
calories should be increased or distributed more favorably if 
ketonuria is present. 


EXCESSIVE MATERNAL WEIGHT GAIN 

Increased maternal weight gain is associated with shoulder 
dystocia, especially when the mother is already obese. Overall 
perinatal mortality is generally lower when weight gain during 
pregnancy is 10 to 20 kg for normal-weight women or over 20 kg 
for sim women. Caloric limitations would not be indicated for 
these women. Increased maternal weight gain and fundal height 
suggest the possibility of fetal macrosomia, however. 


DIABETES 

Infants of diabetic mothers have a greater risk for macrosomia 
and a greater risk of excess shoulder size (23) and shoulder 
dystocia for a given fetal weight (20,24). Glucose is the primary 
energy source for the fetus. It is absorbed by facilitated 
diffusion, with a rate regulated only by maternal serum glucose 
concentration. Fetal insulin responds to the fetal absorbed 
glucose, and it in turn acts as a trophic hormone on fetal liver, 
bone, muscles, and fat. Prevention of fetal overnutrition and 
macrosomia requires maternal glucose homeostasis. 

Tight glucose control, with target fasting and preprandial 
glucose of 60-80 mg/dL and 2-hour postprandial glucose of 
<120 mg/dL, is associated with a significant reduction of the 
risk for macrosomia, shoulder dystocia, operative delivery, 
and, most importantly, perinatal mortality among diabetic 
women (25). It is also clear that recognition and control of 
hyperglycemia prior to 32 weeks is more successful than late 
control for reducing the risk of macrosomia (26). Obese 
women have insulin resistance, high insulin production, and 
delayed insulin secretion, rather than a lack of insulin. Thus, 
they may require large doses of insulin to achieve euglycemia, 
but have considerable range between adequate and oversupply 
of exogenous insulin because the endogenous insulin produc- 
tion moderates their response to exogenous insulin. Excellent 
glucose control can be readily accomplished with a balanced 
regular diet high in fiber and complex carbohydrates, with 
calories and carbohydrates distributed throughout the day. 

The problem of hypoglycemia may limit the ability to meet 
these objectives in Type 1 diabetics who have little endogenous 
insulin production. For these women, “tight” control requires 


1 Offer cesarean section for high-risk vaginal deliveries: extremely large fetuses (over 5 kg), very large fetuses (over 4.5 kg) with 
maternal diabetes, large fetuses (over 4 kg) with a history of shoulder dystocia, second-stage protraction with large fetus 


2 Identify and treat diabetes mellitus 
3 Be prepared with a plan 


4 Recognize the presence of dystocia before maternal pushing, staff assistance (fundal and suprapubic pressure), and traction have 


produced or contributed to injury 


5 Note times and get help when shoulder dystocia is recognized. Help includes assistants for McRoberts, obstetric back-up, neonatal 


resuscitation, and anesthesia 
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close attention to regularization of calories, carbohydrates, and 
exercise; fiber is even more important. The risks of miscarriage 
and congenital anomalies are increased if maternal glucose is 
not controlled in the first trimester. In addition, early 
treatment of maternal hyperglycemia would better reduce 
the risk of macrosomia. Regular insulin or the newer rapid- 
onset insulins (humalog, novalog) administered at abdominal 
sites has more rapid and predictable absorption and can be 
taken before each meal, with small doses of long-acting insulin 
(NPH, Lantus, Levemir) provided at appropriate intervals to 
meet basal needs. 

Women with possible gestational glucose intolerance, as 
evidenced by family history of diabetes, prior large infant, 
prior shoulder dystocia or stillbirth, should have a preconcep- 
tual glucose screen of fasting and 75 g 2-h determinations. 
These women should also have mid-pregnancy screening to 
exclude the possibility of overt diabetes. Nonobese patients 
without a suggestive history should undergo the regular early 
third-trimester screening (27). 

The patient with type 2 diabetes controlled with oral agents 
or those pregnant with abnormal 3-hour glucose tolerance 
testing with normal fasting glucose but elevated postprandial 
glucose levels may benefit from treatment with appropriate 
doses of glyburide (28). The goals for fasting and postprandial 
capillary blood glucose levels are the same as those noted 
above. The use of metformin during pregnancy is under 
investigation but cannot be recommended at this time. 

Untreated women with an abnormal screen but only one 
abnormal value on glucose tolerance test are at higher risk for 
macrosomia than women identified and treated as gestational 
diabetics (29). These patients should follow the same diet as 
those with an abnormal glucose tolerance test and have 
periodic screening for overt diabetes. 

Optimal glycemic control reduces but cannot eliminate the 
risk of macrosomia. Maintaining maternal serum glucose at 
normal fasting levels during labor may alleviate fetal asphyxia 
if a difficult labor or delivery occurs (30,31) and decrease the 
risk of neonatal hypoglycemia. 

Kjos and colleagues (32) found that induction of labor 
routinely at 38 to 39 weeks of gestation in insulin-requiring 
diabetes reduced the risk for macrosomia and shoulder 
dystocia versus conservative management and did not increase 
the cesarean section rate. It is currently our practice to deliver 
all patients with glucose intolerance at no later than 40 weeks 
of gestation. Those with poorly controlled diabetes as 
indicated by suspected macrosomia and/or persistently 
elevated capillary blood glucose monitoring are offered 
amniocentesis for evaluation of fetal lung maturity with 
delivery if maturity is documented secondary to concerns 
about increasing risk of fetal mortality and morbidity. 


DETECTING FETAL MACROSOMIA AND PREDICTING 
SHOULDER DYSTOCIA 

Most fetuses who experience shoulder dystocia but are not 
macrosomic have nondiabetic mothers, while most macro- 
somic fetuses with shoulder dystocia have diabetic mothers 
(17,20,23,24). Accurate prediction of the fetal weight could 
identify fetuses at increased risk for shoulder dystocia in this 
group. Unfortunately, error in predicting birth weight from 
ultrasonography is 10% to 20% of the actual birth weight with 
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the greater error seen at the extremes of estimated fetal 
weights. More babies are born at normal weights as opposed to 
very large weights; an infant predicted to be over 4000 g is as 
likely to be less than 4000 g as over 4000 g (20). With a 
predicted birth weight over 5000 g, the fetus is likely to be at 
least over 4000 g. This also means that some large fetuses will 
be missed. 

Elective cesarean section for prevention of fetal injury has 
been proposed for macrosomic infants of nondiabetic and 
diabetic mothers with estimated fetal weights of above 5000 g 
and above 4500 g (or even above 4000 g), respectively. As large 
infants of diabetic mothers have a higher risk for shoulder 
dystocia and fetal trauma, weight for weight, elective cesarean 
section may be indicated if estimated fetal weight could be 
accurately identified (20). 

Elliott and colleagues (33) described a sonographic finding 
of abdominal minus biparietal diameter difference of greater 
than 1.4 cm as predictive of an infant over 4000 g in diabetics, 
with a sensitivity of 87% and specificity of 72%. Using a similar 
difference measure for fetuses with an estimated weight of 
3800 to 4200 also in diabetic mothers, Cohen and associates 
(34) found that a cutoff value of 2.6 cm identified 20 fetuses 
with a 30% incidence of shoulder dystocia. 

Kitzmiller and coworkers (35) described detection of 
macrosomia by measurement of shoulder diameter in 
diabetics by computed tomography scan, with 14.5 cm as 
the cutoff level for macrosomia. Sensitivity was 100% and 
specificity was 87% for fetal weight over 4200 g. 

The reported incidences of shoulder dystocia with a fetus 
over 4500 g vary from 2% to 35%, with most studies reporting 
incidences of 20% to 40% among infants of diabetic mothers 
delivering vaginally (20,24,36) and less than half that risk 
among nondiabetic patients (20,24). The risk for permanent 
brachial plexus neurologic injury arising from shoulder 
dystocia varies from 0.6% (19) to 27.5% (37). The risk for 
perinatal mortality varies between zero (36) and 28% (21). 
There appears to be considerable variation in the ability to 
diagnose and safely manage shoulder dystocia. The advocacy 
for elective cesarean section based on estimated weight by the 
various authors may be directly proportional to their own 
morbidity and mortality rates. 

No rational cesarean section policy can completely prevent 
shoulder dystocia (9,11,12,16-20). Centers with high neonatal 
morbidity and mortality rates from shoulder dystocia would 
probably prevent more neonatal morbidity and mortality by 
meticulous treatment of diabetes in pregnancy and provision 
of formal training of staff in safe management of shoulder 
dystocia, rather than expending these resources on performing 
more elective cesarean sections. 

Several studies have shown the benefit of simulation 
training with measurable improvement in outcomes and 
appropriate use of management techniques documented 
(15,21,25,38,39). These improvements have been demon- 
strated in providers at all levels of training. The use of 
simulation training appears demonstrably more effective than 
that of didactic training or didactic training combined with 
case review. Current simulation training with computerized 
simulators (such as the NOELLE) allows the provider the 
ability to practice various interventions in an extremely 
realistic situation with monitoring of the effectiveness of the 
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maneuvers. Various scenarios may be programmed by the 
proctor of the simulation and instantaneous feedback 
provided regarding the success or failure of the interventions 
performed. 

The risk for a brachial plexus injury sustained at birth to 
become permanent is about 5%, based on the collaborative 
perinatal project data (9). 

The recognition of the possibility of a large infant is 
definitely beneficial for management during labor. Labor 
disorders of all types are more common in pregnancies 
destined for shoulder dystocia (9,24,38). All studies with a 
significant number of operative vaginal delivery cases clearly 
indicate that there is a three- to sixfold increased risk for 
shoulder dystocia in association with abnormal labor curves. 
Infants over 4000 g with operative vaginal delivery, especially 
mid-pelvic delivery, have a several-fold increased risk (23%) 
for shoulder dystocia (9,38). Macrosomic infants of diabetic 
mothers have even a greater risk of shoulder dystocia (50%) 
and subsequent traumatic injury (24). It is uncertain whether 
operative vaginal delivery causes birth of the head when the 
shoulders are too large to follow or fails to give the shoulders 
time to follow the proper mechanism for birth. In any case, 
nonemergent operative vaginal delivery should be avoided in 
those patients with anticipated large infants. The mnemonic 
for the above becomes DODOPE (disordered labor, operative 
vaginal delivery, diabetes, obesity, prolonged pregnancy, and 
excessive fetal size or maternal weight gain), an association 
that is, hopefully, becoming extinct. The exceptions are cases 
of fetal distress and severe maternal disease, in which the actual 
risks of additional time to delivery or cesarean section must be 
weighed against the potential risk of shoulder dystocia 
individually. 


PREPARATION 

The delivery team has time physically, mentally, and 
psychologically to prepare themselves and the patient for the 
possibility of shoulder dystocia when a large infant is 
suspected. This permits review of maneuvers to be used and 
effective coordination of treatment if the problem is 
encountered. This physical and mental preparation is the 
antidote for the panic that can arise in a difficult shoulder 
delivery. It is helpful to have an anesthetist and a physician 
experienced in the treatment of shoulder dystocia available, 
and two people familiar with the McRoberts maneuver in the 
room. It may also help to have someone experienced in 
neonatal evaluation and resuscitation. 


RECOGNITION 
Usually the diagnosis is obvious, when the “turtle sign” of head 
retraction after final extension is found. Rarely, shoulder 
dystocia occurs when the posterior shoulder is in the pelvis 
and the turtle sign may not be present. These cases will become 
apparent when the anterior shoulder does not deliver easily 
with normal effort. Either situation calls for assistance, 
including all experienced help, anesthesia, and neonatal care. 
Considerable force is often applied to the fetal head prior to 
the recognition and appropriate treatment of shoulder 
dystocia (40). Traction, neck twisting, and lateral head force 
are not only ineffective, but all stretch the cervical brachial 
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plexus roots and can avulse them leading to permanent 
damage. 


TREATMENT 

The McRoberts Maneuver 

The McRoberts maneuver should be employed immedi- 
ately. Assistants should be coached to use and continue the 
McRoberts maneuver. This accomplishes delivery in most 
cases and aids in delivery in others (41). It also provides 
assistants with a constructive alternative to fundal and 
downward suprapubic pressure, which only impacts the 
shoulders further. The McRoberts maneuver or supine 
squat flexes the lumbar spine and retracts the perineum 
(Fig. 2). The maneuver releases the traction that is locking 
and depressing the posterior shoulder against the sacral 
promontory. This spontaneous traction by itself can cause 
an Erb’s palsy, especially if the parturient spontaneously 
extends rather than flexes the pelvis (42,43). The 
McRoberts maneuver also straightens out the lumbosacral 
lordosis and the sacral promontory and removes the 
compressive force of the delivery table on the sacrum. 
Radiologic studies evaluating the changes in the pelvis that 
occur have documented a significant increase in the size of 
the pelvic inlet with flattening of the sacral prominence 
(44). In addition, it pushes the anterior shoulder superiorly 
and places the pelvic inlet perpendicular to the axis of the 
fetus. These actions together usually place the posterior 
shoulder of the fetus in the maternal pelvis as the 
maneuver is being applied; it reduces the force necessary 
for delivery by 30% and produces less risk for injury of a 
simulated fetus (45). 

As the posterior shoulder enters the pelvis, the baby’s neck 
appears to get longer, usually as the maneuver is being 
applied. This “lengthening” should not be confused with the 
moderate release of tension that occurs with the McRoberts 
maneuver when the posterior shoulder is still at the inlet. If 
there is a good regional block and generous episiotomy, this 
maneuver should be applied with a hand in the pelvis to feel it 
work. If this succeeds, easy delivery of the anterior shoulder is 
to be anticipated without further maneuvers. If this fails, the 
legs can be relaxed somewhat and the maneuver repeated 
once, in conjunction with pressure on the fetal head toward 
the sacral promontory to free the shoulders (Hibbard 
maneuver) (4). 

When the McRoberts maneuver is applied correctly, the 
patient’s knees almost or actually touch her shoulders. An 
excited patient can make the maneuver difficult, as the 
hamstrings, gluteus, and low back muscles of a large patient 
are quite strong. Maternal pelvic extension should be avoided, 
however, as it can injure the fetus. 

An average-sized assistant can effectively apply the man- 
euver with correct application of force and mass to mechanical 
advantage in the following fashion: (i) face the patient’s head 
from near the stirrup, (ii) place her knee on your inboard 
shoulder, and (iii) lock your hands or forearms around the 
upper thigh and pull the upper thigh snugly against your hip 
and bend forward, using your mass to flex the hip. The 
McRoberts maneuver works most of the time if it is used in 
experienced hands (41) and over 80% of the time at many 
institutions. 
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Figure 2 The McRoberts maneuver (A and B) rotates the pelvis cephalad, straightens the lumbosacral lordosis, pushes the anterior shoulder back, and lifts the 
posterior off the sacral promontory. It also relieves the tension between the posterior shoulder and soft tissues by retracting them. 


Episiotomy 

If the McRoberts maneuver position has not affected release of 
the posterior shoulder and delivery, it can be continued 
through the other maneuvers, as it facilitates their action. This 
position should be relaxed during induction of anesthesia if 
general anesthesia is required at this time. It is imperative to 
determine the actual cause of the dystocia and to determine the 
position of the posterior shoulder and take appropriate action 
for a safe delivery. It is essential to release the tension between 
the fetal head and shoulders with minimum impediment and 
risk for serious fetal injury and extensive maternal vaginal 
lacerations. Some recommend a large mediolateral episiotomy. 
Others prefer a complete perineotomy. The simplest way to 
achieve the latter is a proctoepisiotomy. This is usually not 
necessary (19). The proper episiotomy depends on the clinical 
setting, the size of the fetus, and the size of the operator’s hand. 
The only “wrong” episiotomy is the one that is not sufficient to 
permit the maneuvers needed to effect delivery without lasting 
fetal injury. 


Examination 

The next step is to verify the location of the posterior shoulder 
and to confirm the absence of dorsal tumors that would make 
further attempt at vaginal delivery either fruitless or 
dangerous. This can be accomplished with the hand toward 
the infant’s back after restitution. This leads immediately to 
the Rubin maneuver. 


The Rubin Maneuver 

In the Rubin maneuver (8), the posterior shoulder is located, 
usually on the sacral promontory. The shoulder is rotated 
forward from behind, either by direct pressure or by hooking 
the scapula. The anterior shoulder can be rocked laterally to 
free it or rotated in the opposite direction with the heel of the 
free hand suprapubically. If the posterior shoulder is at 
the inlet, rotation will permit it to enter the pelvis and rest in 


the sacrosciatic notch. If it is already in the pelvis while the 
anterior shoulder is undeliverable, rotation of the posterior 
shoulder should be continued until it is anterior and can be 
delivered under the pubis. Rotation using the fetal head has 
been described, but this may increase stretching of the brachial 
plexus, similar to direct and lateral traction on the fetal head 
(1). If the posterior shoulder does not rotate with moderate 
pressure, the operator should proceed immediately to the next 
maneuver. 


The Woods Maneuver 

In the Woods maneuver (6), the hand toward the fetal back is 
withdrawn, and the opposite hand is placed in the pelvis in 
front of the fetus. Although anterior fetal tumors are rarer than 
dorsal ones, if they obstruct further delivery, the operator 
should proceed to the Zavanelli maneuver. The posterior 
shoulder is rotated backward by pressure on the distal clavicle. 
This may be assisted by pressure with the opposite hand on the 
anterior shoulder to the front suprapubically (DeLee man- 
euver). If no rotation occurs with moderate pressure, the 
operator should proceed immediately to the next maneuver. 


Delivery of the Posterior Arm (Jacquemier Maneuver) 

The most effective maneuver is delivery of the posterior arm 
(3,5,9,11,12). The main risks are vaginal lacerations and fetal 
humeral fracture. The latter risk can be minimized in the 
following way (Fig. 3): The operator’s hand is extended further 
into the uterus to find the humerus attached to the posterior 
shoulder. The humerus is brought to the front along the side of 
the fetus. The elbow is flexed so that the forearm is brought 
across the body. The forearm is firmly grasped by the 
operator’s entire hand and pulled out in a reverse Pinard 
sequence. The delivery of the arm causes the posterior 
shoulder to enter the pelvis. The anterior shoulder should 
now be easily deliverable under the pubis. Otherwise, an 
identical maneuver is performed on the anterior arm, except 
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Figure 3 The fetus in the pelvis revealed. (A) Even an average-sized fetus has shoulders too large to enter the pelvis together. (B) Delivery of the posterior arm 
(Jacquemier maneuver). The posterior forearm has been located and grasped. It will be pulled straight out. With this method, forearm fracture is less likely. (C) 
The posterior arm delivered. The posterior shoulder has entered the pelvis. There is still not sufficient room to deliver the anterior shoulder, and a low (turtle sign 
negative) shoulder dystocia exists. If the baby can be rotated, the posterior shoulder becomes the anterior and is delivered. (D) Delivery of the anterior arm 
(Couder maneuver) relieves the impaction of the anterior shoulder. This time the pull is more downward. 


that the traction on the forearm is more toward the mother’s 
posterior (42) (Fig. 3C,D). This sequence of advance of the 
shoulders—the posterior one into the pelvis, the anterior one 
under the pubis, and the posterior one out of the pelvis—is 
exactly that of a normal delivery. The only difference is that 
this advance is accomplished by sequential delivery of the 
arms. 

As an alternative, the posterior shoulder can be rotated 
forward to turn the fetus until it is anterior (6). The formerly 
anterior shoulder will be the posterior and in the pelvis. Unlike 
the sequential arm delivery, these may increase traction on the 
cervical brachial plexus with manipulation. 

Potential problems encountered with arm delivery are (i) 
failure to get the operator’s hand into the pelvis from 
inadequate episiotomy; (ii) difficulty in getting the opera- 
tor’s hand through the inlet, which can be facilitated by 
working the flat hand against the chest (which is compres- 
sible) and bringing the arm out through the deltopectoral 
triangle of the opposite shoulder; (iii) difficulty in finding 
the posterior arm, which can be corrected by starting at the 
shoulder; and (iv) difficulty in flexing the elbow, which can 
be corrected by freeing the forearm from the umbilical cord, 
the knees, and so on. Like the Pinard maneuver, it may be 


necessary to start flexion by pushing the elbow toward the 
fetal back. 


Hands-and-Knees Position 

This position is difficult in the delivery room, but should be 
tried immediately during a delivery in bed if the McRoberts 
maneuver fails or immediately if the head is delivered with the 
mother not supine. It can be atraumatic and highly effective 
(15). It partially flexes the maternal pelvis, especially if the 
patient rocks back into a knee—-chest position. Gravity aids 
rather than impedes maneuvers because it brings the fetal body 
in line with the pelvic inlet and disimpacts the anterior (now 
dependent) shoulder from the pubis, freeing the posterior 
from the sacrum. The position provides excellent access for 
episiotomy, examination, and delivery of the posterior arm 
from a position of comfort, if needed, in bed. The McRoberts 
maneuver brings the buttocks out of the mattress but requires 
the operator to assume truly awkward positions to try other 
maneuvers. 


Anesthesia 
All of these maneuvers can usually be accomplished within 
5 minutes with no local or regional anesthesia and calm 
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instructions with the patient’s cooperation. If things are not in 
order, then induction of general anesthesia, if immediately 
available, can provide time to restore calm, relax the patient, 
and get expert assistance. 


The Zavanelli Maneuver 

If the above maneuvers fail or cannot be performed, the fetal 
head can be replaced in the pelvis, with or without relaxing the 
uterus (with terbutaline, nitroglycerine, magnesium sulfate, or 
inhalation anesthetics). Replacement is accomplished by 
depressing the perineum and reversing the fetal head 
extension. Delivery can be completed by cesarean section, at 
a time indicated by fetal monitoring. This usually results in an 
intact infant, but possibilities of hypoxic ischemic encephalo- 
pathy or stillbirth and permanent brachial plexus injury still 
exist (13). The risks may be comparable with those associated 
with forceful vaginal delivery. 


Symphysiotomy and Other Maneuvers 

The reader can find many other maneuvers that have been 
described for the treatment of shoulder dystocia, and other 
variations of those presented. The ones presented here have 
either been observed by the authors to be effective without 
injury or are theoretically likely to be effective biomechanically 
(hands-and-knees position) and have been reported to be safe 
and effective. The other maneuvers that may be safe and 
effective are (i) fracture of the clavicle, often the result of 
sharply applied suprapubic pressure but usually much more 
difficult to accomplish than anticipated and (ii) symphysiot- 
omy, which is simple, rapid, and effective (14) though usually 
outside of the scope of practice of most providers. 


Prognosis and Medicolegal Concerns 

Stillbirth may occur if delivery is greatly prolonged. Unlike 
survivors of the Zavanelli maneuver, survivors of shoulder 
dystocia, even with brachial plexus injury, do not have 
excessive risk for cognitive deficit when compared with 
national norms (7) or appropriate controls (9). 

Effective delivery with shoulder dystocia is therefore a life- 
saving treatment for the fetus. The most frequent severe 
disability for the fetus is Erb’s palsy, usually of the posterior 
arm (7). This will resolve spontaneously in about 90% to 95% 
of cases (9,11,18,44). There may be some increase in speech 
dysfunction (7). 

Many cases of neonatal brachial plexus injury are not 
associated with recognized shoulder dystocia, some not even 
with vaginal delivery (9,11,12,46,47). Indeed, Gherman et al. 
have published a report of six documented cases of brachial 
plexus injury in infants delivered by cesarean, five of whom 
were delivered for labor abnormalities but one in which 
delivery occurred in the absence of active labor (48). Brachial 
plexus injury has been observed by some (42,49) in the 
absence of any traction to effect delivery. It is likely that 
the traction between the locked head and posterior shoulder at 
the pelvic inlet is sufficient at times to cause harm, even when 
resolved spontaneously or by McRoberts maneuver. 

Malpractice suits have been brought, by parents of children 
saved by the effective treatment of shoulder dystocia, for the 
brachial plexus injury sustained during that birth, which may 
or may not have actually resulted from the treatment. Most 
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shoulder dystocia suits have been successfully defended. 
Avoiding injury to the extent possible is the most effective 
prevention. 

A fetus without previous compromise has at least 10 
minutes from the time shoulder dystocia occurs until there is 
any risk of death from asphyxia. Previously compromised 
infants, or those exposed to high maternal serum glucose levels 
in the hours prior to delivery, may die or develop cerebral 
compromise after a shorter period of anoxia (30,31). 

The best way to prevent potential lawsuits is a sincere 
attempt to render the best care possible, honest communica- 
tion with the family, and adequate documentation of exactly 
what happened. 


CONCLUSION 

Shoulder dystocia risk increases with increasing fetal body size. 
There is no effective way to predict with confidence the 
occurrence of shoulder dystocia or even macrosomia. The only 
way to decrease the risk for shoulder dystocia may be early and 
adequate glucose screening and appropriate diet and insulin 
therapy. 

An estimated weight of over 5 kg in nondiabetics, a 
bisacromial diameter of 14.5 cm by computed tomography or 
estimated fetal weight of 4.5 kg in diabetics, or estimated 
weight of over 4 kg with a history of shoulder dystocia (50) are 
situations that warrant a discussion of shoulder dystocia and 
the potential risks and benefits of elective cesarean section with 
the mother. When dystocia is encountered, planned orche- 
strated action is undertaken to unlock the locked fetal position 
and to deliver the fetus with procedures involving minimal 
invasion and least risk. These should emulate the natural 
mechanism of shoulder delivery. These are the McRoberts or 
hands-and-knees position, generous episiotomy and partial 
cephalic replacement to unlock the shoulders, delivery of the 
posterior shoulder into the pelvis by fetal rotation or delivery 
of the posterior arm, followed, if necessary, by delivery of the 
anterior shoulder by delivery of the anterior arm or rotation of 
the posterior shoulder into the anterior position. 

Simulation training of obstetric residents in training and 
providers in active practice may significantly improve the 
approach to the management of shoulder dystocia. The 
opportunity to practice the required maneuvers in a simulated 
situation with immediate feedback can improve the ability to 
perform them in the stress of the real situation. This can 
significantly decrease the risk of injury to both the parturient 
and the infant during these deliveries. 

It is important to have a health-care provider who is 
proficient in neonatal resuscitation present in the delivery 
room. Neurologic evaluation of the infant is indicated when 
maternal injury occurs. The delivery should be clearly and 
completely documented and discussed with the patient. 
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14 Breech presentation 
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Breech presentation is a significant obstetric event associated 
with dramatic increases in perinatal morbidity and mor- 
tality (1,2). The three areas of greatest risk for these infants are 
the often overlapping problems of preterm delivery, congenital 
anomalies, and birth trauma. More than one quarter of breech- 
presenting fetuses are premature. Concomitantly, severe or lethal 
anomalies further complicate up to 20% of such preterm 
deliveries and fully 6% to 7% of term breech deliveries (a relative 
risk of three- to fivefold), depending on gestational age. The 
outcome of vaginal breech delivery has always been noted to be 
associated with a higher risk of neonatal injury with both short- 
term and long-term morbidity as well as an increased risk of 
neonatal death. These risks have led to numerous attempts to 
evaluate the risk of vaginal breech delivery versus that of elective 
cesarean delivery for the persistent breech at term. The results of 
studies published prior to the Term Breech Trial (TBT) (3) in 
2000 were inconclusive with some showing no increased risk 
of vaginal breech delivery and some showing an increased risk 
of fetal injury and death in those infants delivered vaginally. 
These studies were, for the most part, small and retrospective, 
which left room for error in their conclusions. In 2000 the 
publication of the TBT, a randomized, multinational multi- 
center trial that incorporated all levels of care in both advanced 
and developing countries, demonstrated a clear benefit to the 
delivery of the term fetus in a breech presentation by elective 
cesarean. 

The TBT gathered information from 121 participating 
centers in 26 countries and included 2088 women 
randomized into two arms: planned vaginal delivery or 
planned cesarean delivery. The details of the study will not 
be reviewed here, but it is a publication of significant 
importance and should be read by all of those who are 
actively involved in the delivery of obstetric care. Other 
studies have supported the conclusions of the TBT (4-6). 
The study is not without its critics and there have been 
numerous reviews written questioning the methodology and 
the interpretation of the results (7-11); however, the study 
appears to be able to withstand the test of both time and 
these critics. Indeed, the American College of Obstetricians 
and Gynecologists, in a committee opinion, initially recom- 
mended that all deliveries of term infants from breech 
presentation be performed by cesarean; however, this has 
since been revised to state that the decision regarding mode 
of delivery should depend upon the experience of the 
health-care provider (12,13). Perhaps the decrease in vaginal 
breech deliveries is due to the willingness of those currently 
practicing obstetrics to accept a philosophy that is, to them, 
so apparent or possibly it is based upon a self-fulfillment of 
the decreasing numbers of providers with sufficient training 
to develop those skills required to perform an elective vaginal 
breech delivery (14). For whatever reason, the incidence of 


elective vaginal breech deliveries continue to decrease and the 
option will likely fade into rarity. 

The need to learn the maneuvers necessary to perform a 
breech delivery remains, however. Delivery of the breech 
infant by cesarean requires similar maneuvers in order to 
successfully extract the infant. Delivery of the nonvertex- 
presenting second twin following delivery of the cephalic- 
presenting first twin in an otherwise uncomplicated twin 
gestation concordant for weight also requires the ability to 
perform these maneuvers. Finally the rare patient who 
presents in active labor with the breech on the perineum 
would likely be poorly served by emergent cesarean delivery 
and providers should possess knowledge of the maneuvers 
necessary to successfully complete the delivery. The use of 
simulation training in teaching the skills necessary for vaginal 
breech delivery has been shown to be effective (15). 

Any consideration of breech management involving either a 
trial of labor or cesarean delivery is bedeviled by issues of birth 
injury and medicolegal risk. External cephalic version has been 
championed as a means of avoiding the issue by converting 
breech into cephalic presentations. Unfortunately, the results 
of these major shifts in methodology of delivery have not 
resulted in the substantial reductions in fetal/neonatal injuries 
that were originally confidently predicted. Utilizing perinatal 
mortality as an endpoint, a review of the obstetric literature 
from the 1930s to the 1960s demonstrates a rough linear 
relationship—that is, the perinatal death rate for term-sized 
neonates was reduced as the cesarean delivery rate increased 
from 3% to 30% or more (Fig. 1). Fetal/neonatal injuries still 
occur at cesarean delivery to a surprising degree (2). In 1981, 
Green and coworkers (16) reported that, in a relatively 
controlled setting, that is, one department over a period of 
time, increasing the use of cesarean delivery for breech from 
22% to 94% did not eliminate preventable trauma pointing up 
the need for the obstetric provider to have a fundamental 
understanding of those maneuvers necessary to decrease the 
risk of injury of the breech-presenting infant. The problem for 
the profession is to define which maneuvers can and should be 
taught, how to maintain a high level of competence in these, 
and how to present the options of trial of labor or cesarean 
delivery fairly to our patients. 


SPECIAL ISSUES 

External Cephalic Version 

A potential technique for reducing the incidence of breech 
presentation is external cephalic version. External cephalic 
version performed at 37 weeks to term has decreased the rate of 
intrapartum breech presentation from 3—4% to 1-2% (17-21). 
Earlier groups of investigators had attempted version at 28 to 
32 weeks (6) or 30 to 32 weeks (20), but failed to effect any 
change in the intrapartum rate of breech presentation. These 
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Figure 1 Correlation between cesarean delivery rates and decreased perinatal 
mortality in term breech infants in the 1940s and 1950s. 


failures erroneously led clinicians to believe that the only 
versions that succeeded were those that would have occurred 
spontaneously. These “early” versions were probably unsuc- 
cessful because of the relatively large amount of amniotic fluid 
with respect to the size of the fetus, which therefore reverted 
to breech after the original procedure. Also anesthesia and 
analgesia were employed in a number of these trials. This 
allowed more forceful procedures, leading to occasional trans- 
placental hemorrhage and isoimmunization, a substantial risk 
in the era prior to the availability of rhesus immune globulin. 

Even in modern practice, version is not without risk, albeit 
small. Both umbilical cord complications and placental 
abruption have been described in conjunction with external 
version (22). The most common problem associated with 
version is failure to alter the fetal lie, despite manipulation. 
Currently, external cephalic version at 36-37 weeks gestation 
performed under tocolysis (terbutaline, IV nitroglycerine or 
oral glyceryl trinitrate spray (23,24), nifedipine (25), or 
intravenous magnesium sulfate) has a reasonable success rate 
(50-80%). Also the concomitant use of nonstress testing, real- 
time ultrasound, and the avoidance of analgesia/anesthesia has 
contributed to the overall safety of the procedure. An 
exception to the rule of no analgesia/anesthesia is the 
occasional use of epidural anesthesia for intrapartum version, 
a special application for selected cases (26,27). 

There is a place for external cephalic version even in early 
labor. Depending on the stage of labor at which the patient is 
admitted and the time when breech presentation is diagnosed, 
immediate -mimetic tocolysis is often successful in permit- 
ting manipulations. However, after rupture of the membranes 
and the onset of true labor, any attempt at version becomes 
both difficult and inherently dangerous, owing to the descent 
of the presenting part and the potential risk of cord prolapse. 

Continued efforts at refinement of external cephalic version 
have revolved around the issues of tocolysis and anesthesia. 
Robertson and coworkers (27) found that the use of tocolytics 
for adjunctive treatment after a trial of external cephalic 
version without tocolytics did not improve success rates. 
Samuels (26) has described the successful use of regional 
anesthesia instead of tocolysis for version. No difficulty with 
sequelae of excessive force was described in his original report. 
Despite these interesting reports, brief treatment with 
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tocolytics prior to attempting manipulations remains popular, 
because of the inherent safety, minimal expense and ease of 
administration of these drugs, and their perceived utility. Most 
clinicians have found that the use of a tocolytic before version 
(usually 0.125 or 0.250mg of terbutaline administered 
subcutaneously) reduces patient discomfort as well as the 
external force required for the procedure. 


CLINICAL ISSUES 

Despite a decision to submit all breeches to cesarean delivery, 
some instances of vaginal breech delivery cannot be avoided, 
owing to unforeseen events such as undiagnosed breech 
presentation or breech presentation diagnosed too late in 
labor. Regardless of their view toward vaginal trials or cesarean 
delivery, it is vital for all clinicians to develop experience in the 
management of both breech extraction at cesarean section and 
vaginal breech delivery. The routine resort to cesarean delivery 
does neither guarantee a perfect infant nor obviate the 
clinician’s need for great care and substantial skill as an 
accoucheur in the operating room. Not surprisingly, measur- 
able rates of the entire range of birth injuries occur in cesarean 
sections, although the incidence is low. The occurrence of 
these injuries at cesarean section underscores the need for full 
understanding of the manual maneuvers utilized for breech 
delivery. In the performance of safe cesarean section for breech 
presentation, the surgeon must possess facility with total 
breech extraction. Even with the exposure possible at 
laparotomy, breech extraction remains an inherently more 
dangerous procedure than the assisted breech delivery 
performed in the majority of vaginal breech births (28). Such 
procedures require thoughtful and judicious application of 
force. Commensurate with the increased use of abdominal 
operative delivery, maternal morbidity, both immediate and 
remote, is also increased, although the majority of these 
complications prove to be of trivial clinical consequence (29). 


Selective Trial of Labor 

Protocols for vaginal delivery of breech infants need critical 
review. An important consideration in determining best 
management is the type of breech presentation. The largest 
group of breech fetuses at term is in frank breech position. 
The best data reflect management protocols for these most 
favorable cases. Collea and coworkers (29) conducted a 
prospective randomized study that compared elective 
cesarean section with protocol-managed labor for fetuses 
with frank breech presentation at term. They reported 
significant maternal morbidity among patients delivered by 
cesarean section, without any dramatic improvement in 
neonatal outcome. Among 60 infants delivered vaginally, there 
were two instances of brachial plexus injury. O’Leary (30) 
performed a similar study at the University of South Alabama. 
Among term frank breech presentations screened by a protocol 
similar to that described by Collea and coworkers, O’Leary 
described one injury in 81 vaginal deliveries, and this occurred 
during a breech extraction performed for fetal distress. In this 
study, the comparison group was a cohort of breech deliveries 
managed without the specific requirements of protocol. In this 
non-protocol group, a similar number of infants were stillborn; 
however, one infant died of trauma, eight had low Apgar scores, 
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Table 1 Results by Delivery Type, Presentation, and Outcome 


Protocol group 


Non-protocol group 
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Control group 1 Control group 2 


Type of delivery Vaginal Vaginal Spontaneous vaginal Elective cesarean section 
Presentation Breech Breech Vertex Vertex (95%), breech (5%) 
Mean birth weight (g) 3125 3025 3170 2980 

Range 2001—4080 2000—4210 2470—4010 2350—4100 
Number of deliveries 130 78 130 130 
Ward/private ratio 59/41 62/38 60/40 58/42 

Mean 5-min Apgar score 8.6 8.1 8.7 8.6 

Neonatal morbidity 4/130 12/78 (p < 0.001) 3/130 (p < 0.50) 2/130 (p < 0.34) 
Intrapartum mortality 0 1 0 0 

Perinatal mortality* 0 12.8 0 0 


“A comparison of the results obtained with a selective management protocol for the management of the term breech fetus, including all types of specific breech 


presentation. Source: From Ref. 15. 


and four experienced birth injuries. The author concluded that 
the use of the protocol had significantly improved the outcome 
for the breech infants in the study. 

In a study of all types of breech presentation (including 
non-frank or complete, incomplete, and footling breeches) at 
the Sloane Hospital for Women in New York, a protocol 
similar to that of O'Leary was followed by Gimovsky and 
coworkers (31). The authors found that selective management 
by protocol of term breech fetuses, even those non-frank in 
presentation, gave acceptable immediate neonatal perfor- 
mance in comparison with elective cesarean section (Table 1). 
The outcome for protocol-managed breech fetuses delivered 
vaginally was essentially identical to that of all patients 
delivered by elective cesarean section. The protocol in use at 
Columbia (32) has since been revised. In 1983, Gimovsky and 
coworkers (33) reported preliminary results of the new 
protocol that confirmed a similar outcome between patients 
with elective cesarean section and selected protocol-managed 
patients. In that prospective study of non-frank breech 
presentations at term, a rigorous protocol was employed for 
intrapartum management (Fig. 2). One fetus in the study 
group of 105 patients died during the intrapartum period, 
owing to an unusual complication that emphasized the 
complex problems of clinical medicine. This occurred when 
a woman became hysterical during a trial of vaginal delivery. 
Efforts to place her under anesthesia to affect safe vaginal 
delivery were prolonged and the infant eventually delivered 
could not be resuscitated, despite intensive efforts. The 
discussion of complex protocols to select appropriate 
candidates for a trial of breech vaginal delivery is likely to 
become moot. The results of the TBT will likely make the use 
of any protocol for the evaluation of the patient presenting 
with a persistent breech presentation outdated with the 
exception of the attempt at external version. 


Informed Consent 

In an area such as management of breech presentation that is rife 
with controversy, informed patient consent for any clinical 
approach is not only prudent, but it is also mandatory. The 
mother (and her spouse) must be advised of the facts necessary to 
make an informed, independent choice of either undergoing a 
trial of labor or of proceeding with cesarean delivery. This 
explanation needs to be simple, factual, balanced, and complete. 
Despite the complexities that attend such assessment and 


obstetric decision making, the obstetrician has an obligation to 
make the essential and pivotal factors that are central to a clinical 
choice understandable to the patient. Ideally, the actual decision 
should be made by the patient and not simply surrendered to the 
obstetrician. To do otherwise invites the risk that a patient who 
experiences a sad or untoward result will respond with blame and 
feelings of betrayal. 

The focus of the obstetrician’s explanation should empha- 
size a detailed comparison of risks attendant on the 
alternatives: specifically trial of labor versus prompt cesarean 
delivery once labor begins or term has been reached. The issue 
of possible version should also be carefully discussed. The 
nature, purpose, and risks (to both mother and infant) should 
be outlined for both approaches. The obstetrician must 
explain and discuss the following. 


1. The nature of breech presentation. In this review, 
the clinician explains how breech differs from 
cephalic presentation and factors that influence 
perinatal morbidity and mortality in breech 
delivery. 

2. A comparison of the mechanics of cesarean section 
with vaginal delivery after a trial of labor, with 
emphasis on the increased risk of fetal injuries 
secondary to the dynamics of the delivery process. 
This explanation should include the observations 
that, with cephalic presentation, the largest and 
most unyielding part comes first and then the 
softer, more malleable parts follow. With breech 
presentation, the softer more malleable parts are 
received first, followed by the relatively larger and 
unyielding head. If the head proves too big for the 
pelvic outlet, and the rest of the baby is already 
delivered, there is a substantially increased risk for 
significant injury to the infant. 

3. The nature of specific risks of cesarean section to the 
mother from hemorrhage, infection, or unantici- 
pated lacerations versus the potential for genital tract 
lacerations and hemorrhage associated with breech 
delivery with or without the use of forceps. 


4. Data on potential fetal injury, including the risks to 
the infants of intracranial hemorrhage and signifi- 
cant long-term neurologic injury, either by cesarean 
section or by vaginal incidental to breech delivery. 
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1. Verify breech presentation (fetal ultrasound) 
Estimated gestational age: 36-42 weeks 
Estimated fetal weight: 2—4 kg 

2. Labor active? Advanced past 7 cm? 
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Consider tocolysis with terbutaline 0.25 mg subcutaneously 


Prepare for expenditious cesarean section 


apo 


Fetal and pelvic X-ray (CT scan where possible) 


Discuss potential alternatives, risks and benefits of each, with patient and family 


Rule out fetal hyperextension at the cervical spine (105°) 


Maternal pelvic measurements: 
inlet of the pelvis: 
>11 cm in the anteroposterior diameter 
>12 cm in the greatest transverse diameter 
midpelvis 
>10 cm at the interspinous diameter 
6. Patient elects trial of labor 


Adequate pelvic measurements 
No fetal hyperextension 
Continuous electronic FHR 


Trial of labor 


Adequate FHR/pH 
Adequate progress in labor 


1.2 cm/hr nulligravida 
1.5 cm/hr multigravida 


Assisted breech vaginal delivery 


a 


‘Failed’ pelvimetry 
Fetal neck hyperextension? 


Patient desires cesarean section instead of 
trial of labor at any point 


Diagnosis of fetal distress 
Secondary arrest of labor 
Adequate uterine activity? 


Total breech extraction — Cesarean delivery 


Ya 


Anesthesia standby, NICU team standby 


K 


Satisfactory perinatal outcome 


Figure 2 Selective management protocol for intrapartum breech management. 


From Ref. 57. 


5. The role of version. This discussion critically reviews 
the advantages versus the risks of external cephalic 
version and why this procedure should or should not 
be attempted in the patient’s specific case. 


Because there is controversy surrounding the decision to 
recommend a trial of labor with breech presentation, as 
opposed to proceeding immediately to cesarean section, the 
obstetrician is well advised to make a balanced presentation 
of both views. The clinician must be prepared to explain that 
those who favor cesarean delivery in all cases rely on statistics, 
which suggest that three times as many fetal injuries occur with 
vaginal/breech delivery as compared with cesarean section. 
Those advocating trial of labor with a breech presentation 
will want to explain how a meticulously implemented protocol 
of surveillance may render the statistical difference between 
these procedures negligible. In making such explanations, 
the obstetrician should resist favoring the decision he/she 
wants by either exaggerating or underrating the risks of one 


Abbreviations: FHR, fetal heart rate; NICU, neonatal intensive care unit. Source: 


management plan over another. The use of dramatic over- 
statement or florid language will undoubtedly be long 
remembered by an apprehensive mother or an expectant 
father. If the decision is to be truly that of the patient, based 
upon information, the facts and just the facts should be 
presented in a logical and unemotional manner, as free from 
bias as possible. At the end of this discussion, an obstetrician is 
well advised to invite any questions the patient might have and 
make every effort to ensure that both she and her partner are 
satisfied with the explanation given. 

In cases in which the breech presentation has been 
recognized prior to the onset of labor, such discussions will 
be likely to have occurred outside the hospital. It is prudent 
to review the same data briefly with the woman/family 
following admission for labor/delivery. These in-hospital 
conversations are best conducted in the presence of a nurse, 
who can then independently document in the medical 
record that the pertinent consent discussions have taken 
place. 
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Pelvic Measurement and Fetal Evaluation 

When selecting patients as possible candidates for a trial of 
labor, careful, objective evaluation of the fetopelvic size is 
mandatory. Imaging studies can provide this information and 
also document that the fetal skull is normal in both general 
appearance and attitude. Ultrasound scanning has also been 
extensively employed in describing fetal size, structural 
normality, and head attitude and is useful in acute evaluation 
of the baby (34,35). 

Ultrasound or other imaging studies are particularly useful 
in the diagnosis of hyperextension of the fetal head, a 
condition that occurs when an angle of more than 105° exists 
between the fetal mandible and the main axis of the cervical 
spine. This is an absolute contraindication to an attempt at 
vaginal delivery (36). Even at cesarean delivery with an 
adequate incision, meticulous attention to minimal force is 
required for safe delivery of a breech infant with cranial 
hyperextension. Experience suggests that up to 5% of term 
breech infants have this additional risk. Early diagnosis is 
important, as prolonged labor with hyperextended head may 
also result in cervical spine injury, even when delivery is 
ultimately accomplished by cesarean section (37). 

The additional purpose of imaging assessment of the 
mother is to diagnose women with moderate degrees of pelvic 
disproportion prior to attempting delivery of the aftercoming 
head. Entrapment of the fetal head and/or difficult delivery 
may be largely avoided if such cases are taken to cesarean 
section without a trial of labor. Imaging studies can define 
patients with potential borderline pelves; however, these 
studies are neither guarantors of perfect safety nor do they 
substitute for clinical expertise. 

Radiographic pelvimetry first appeared in Europe in the late 
19th century following Roentgen’s discovery of the X-ray. 
Over its long history, the popularity of radiographic pelvimetry 
has waxed and waned, owing, in part, to its risks and to 
questions regarding its accuracy. Subsequently, there has been 
a shift to pelvic measurement by computerized tomography 
(CT). A pilot study in 1985 indicated the applicability of such 
management (38). In 1986, Kopelman and coworkers (39) 
assessed the reliability of this method in a breech protocol and 
reported favorable results. Standard pelvimetry techniques in 
use up to that time, with the radiation exposure to maternal 
and fetal gonads, were compared with the equally useful single 
CT scan (40). CT generates more accurate and more 
reproducible data than other techniques (38) (Fig. 3). Magnetic 
resonance imaging has also been used to evaluate obstetric 
pelvimetry and has the advantage of avoiding the use of ionizing 
radiation (41). 

Taken alone, the measurement of pelvic diameters is not 
capable of reliably directing management, especially for women 
in labor. Experience has shown that minimal pelvic inlet 
measurements of 11 cm in the anteroposterior diameter and 
12 cm at the transverse of the inlet, coupled with 10 cm at the 
mid-pelvic plane of the intraspinous diameter, are consistent 
with a normal bony pelvis (10, 11, 12 rule) (31-33,42). These 
recommended measurements should be used as a starting point 
in considering the labor of an average-sized fetus at term. A 
clinical consideration of fetal size is obviously a major issue in 
deciding upon the appropriateness of a labor trial. It may be 
helpful for the attending obstetrician to review the pelvimetry 
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directly. The use of the fetal head circumference obtained by 
ultrasonography in addition to the CT-derived pelvic inlet 
measurements has been evaluated as a more definitive guide to 
fetopelvic disproportion (43). 

As maternal position during labor affects pelvic diameters, 
careful maternal placement and positioning during attempted 
vaginal delivery are important. Thorough evaluation of the 
fetus for structural abnormalities and position by real-time 
scanning is also critical prior to making decisions regarding 
management. When circumstances dictate an expeditious 
delivery by cesarean section, brief tocolysis lessens both 
operative and anesthetic risks by relaxing the uterus and 
permitting sufficient time for a proper discussion of informed 
consent (44). It should be noted that clinical pelvic examina- 
tion is still important. Soft tissue resistance, which can create a 
significant problem for vaginal delivery, is not directly 
measurable but can be assessed by an experienced attendant. 
Although it is difficult to quantify, the slope of the pelvic 
sidewalls and the position of the sacrum also play a role in the 
estimated pelvic capacity and the likelihood of an uncompli- 
cated vaginal delivery. 


Fetal Surveillance 

Continuous fetal surveillance is essential in intrapartum 
management of breech labor, as umbilical cord prolapse is a 
potential hazard in all breech presentations. Cord complica- 
tions are most likely to occur in the second stage of labor, 
which should be conducted in the delivery room. In 1963, in 
the pre-electronic fetal monitoring era, Rovinsky and cow- 
orkers (45) showed that vertex fetuses had the same risk of 
intrapartum demise from overt cord prolapse as did frank 
breeches. It is of interest that both these presentations subject 
the fetus to a greater risk for compromise from cord accidents 
than do footling and complete breech presentations, probably 
because of the close clinical attention paid to the non-frank 
breech labor. 

The usual criteria for interpreting intrapartum electronic 
fetal monitoring apply, regardless of fetal position. Nishijimi 
and colleagues (46) compared fetal heart rate patterns of 
nulliparas and multiparas in labor for breech and vertex 
presentations and found no essential difference. 

Wheeler and Greene (47) have suggested that periodic 
fetal heart rate accelerations are more common in breech 
babies, presumably because of a difference in vaginal 
stimulation. Our experience, based upon umbilical cord 
gas studies at birth, confirms that the fetal acid—base status 
is normal when fetal heart rate patterns are normal during 
labor. 

Vaginal breech delivery results in cord respiratory blood gas 
values and Apgar scores at birth that are similar to those 
observed at cesarean delivery. These data are consistent with 
the previously described findings concerning the similarity 
between both fetal heart rate monitoring patterns and capillary 
pH in breech-presenting fetuses, independent of the mode of 
delivery (46,47). 


Anesthesia 

Skilled anesthetic support is essential for safe breech manage- 
ment. In the past, practitioners commonly used pudendal 
nerve blocks in trials of labor, with a general anesthetic 
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Figure 3 Computed tomography of the maternal pelvis and the flexed fetal head demonstrates (A) the transverse diameter of the pelvic inlet from an anterior— 
posterior view; (B) transverse diameter of the mid-pelvic plane from an anterior—posterior view; (C) the transverse diameter of the pelvic outlet from an anterior— 


posterior view; and (D) the anterior—posterior diameters of the pelvic outlet (123) and mid-pelvis (128) from a lateral view. 


supplement in about 10% of cases, if required (2). Epidural 
anesthesia is by far the superior method and is the current first 
choice for many clinicians (48). For the small breech fetus or 
the footling breech presentation, adequate anesthesia helps to 
dampen maternal bearing-down efforts, retarding sponta- 
neous membrane rupture and involuntary pushing. This also 
decreases the risk of umbilical cord or fetal body prolapse 
through an incompletely dilated cervix (48). The absence of 
such involuntary bearing-down efforts is also desirable when 
the clinician’s intent is to deliver a markedly premature fetus 
in caul. 

The anesthesiologist should be immediately available. 
Adequate anesthesia for either emergency cesarean section, 
should it be necessary, or vaginal manipulations is essential to 
a successful and safe trial of labor. Neonatal support is also 
important for a good outcome. Regardless of the delivery 
route, the breech presentation is a high-risk situation and 
neonatal resuscitation, when required, must be prompt, 
proper, and expeditious. 


Dynamics of Labor 

Parity plays little or no role in the outcome of trials of labor. In 
fact, despite the beliefs of many clinicians, there may actually 
be an increase in perinatal morbidity among multiparas 


undergoing vaginal breech delivery (31). In multiparas, the 
aftercoming fetal head can deliver so quickly that acute and 
unpredictable fluctuations occur in fetal intracranial pressure, 
which presumably lowers Apgar scores. 

The judicious use of oxytocin in selected cases is permissible 
and does not prejudice outcome (1,29,30,33). In their 
experience at Moffitt Hospital, Flanagan and coworkers (49) 
reported no difference in the perinatal outcome seen among 
patients with breech presentation given a trial of labor with or 
without the administration of oxytocin. In this study, almost 
20% of the patients received oxytocin, primarily for labor 
induction. 

Therefore, if the breech is engaged, the fetus is of normal 
size, the fetal head is flexed, and the radiographic measure- 
ments show the pelvis to be adequate and induction of labor by 
oxytocin is acceptable (42). However, oxytocin augmentation 
of breech labor is rarely indicated, given both the potential 
risks and the current medicolegal atmosphere. The experience 
at Los Angeles County, University of Southern California 
Medical Center, indicates that oxytocin augmentation rarely 
achieves safe vaginal delivery of a breech infant if a secondary 
arrest of active-phase labor has occurred (2). Therefore, great care 
is needed if normal progression in labor does not occur. These 
data tend to confirm an earlier observation of Friedman (50) 
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that fetopelvic disproportion is a frequent cause of secondary 
arrest in breech labor. There is also an association between larger 
infants and abnormalities in labor. Approximately three-fourths 
of women who deliver breech infants weighing more than 3500 g 
develop a dysfunctional labor pattern. An abnormal labor pattern 
is therefore a critical clue that a decision for vaginal trial 
should be carefully reasoned and that cesarean delivery may be 
indicated. 

The authors consider that 3500—4000 g is the upper limit 
considered as a safe fetal size for vaginal breech delivery. 
Therefore, the practitioner must be careful to avoid “forcing” a 
trial of labor in the presence of a known or suspected large 
breech fetus. Both ultrasound and clinical weight estimates 
should be combined in judging fetal size. The lower limits of 
safe progress in labor are (16) 1.2 cm/hr for nulliparas and (16) 
1.5 cm/hr for multiparas. In the presence of normal uterine 
activity, women failing to dilate at this rate should be taken to 
cesarean section without an attempt at oxytocin augmentation 
of labor. 


Accouchement 

If a vaginal trial is elected, the second stage of labor should be 
carried out in the delivery room with continuous fetal 
monitoring. Perhaps more than in any other obstetric setting, 
vaginal delivery of a breech fetus requires both watchful 
waiting and gentle manipulation. An experienced, gowned, 
and gloved assistant and a scrub nurse should be present for 
the delivery. 

A safe assisted breech delivery requires that the accoucheur 
understands the judicious application of force. An 80-kg 
obstetrician can easily overpower a 3000-g neonate. How- 
ever, excessive force alone is not necessarily the major cause 
of injury. Acute rotation of the fetal body for delivery of the 
arms or head exceeding 90° may compromise the vertebral 
blood supply to the central nervous system. In addition, 
maintaining flexion of the aftercoming head during the 
actual birth process is crucial. Gentle but firm and 
continuous suprapubic force needs to be judiciously applied 
by an assistant to the aftercoming head as the delivery 
proceeds. The accoucheur must also be prepared either to 
apply forceps or to reach for the face of the aftercoming fetal 
head during delivery. It is well to recall that Piper forceps 
were designed to act as a lever and not as a tractor in aiding 
the delivery of the head. Good results with forceps to the 
aftercoming head have been described by Milner (51) (Table 2). 
If forceps are not applied, the Mauriceau-Smellie—Veit (MSV) 
maneuver is the procedure of choice in completing the breech 
delivery. The purpose of the suprapubic pressure is not to effect 
delivery by accouchement forcé but simply to maintain cranial 
flexion during descent, thus facilitating the entry of the fetal 
skull into the pelvis by continuously presenting the smallest 
diameter. If the clinician fails to “follow” the fetal head by 
exerting gentle but continuous transabdominal pressure on the 
uterus, cranial extension can occur, resulting in a difficult 
delivery as a larger diameter of the cranium is presented to the 
maternal pelvis. Haste is dangerous in the management of 
breech delivery and almost always unnecessary. Slow, gentle 
manipulations are always best. Normal cord gases are seen 
even after a 6-min delay from emergence of the umbilicus to 
final delivery. 
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Table 2 Vaginal Breech Delivery: Impact of Forceps to 
Aftercoming Head 


Neonatal deaths (%) 


Birth weight (g) No forceps Forceps 
1500-1999 Med 11.0 
2000-2499 7.8 0.0 
2500-2999 3b) 0.5 


Source: From Ref. 36. 


A comparison of duration between the vaginal route of 
delivery and cesarean section is illuminating. We have found 
that, in two-thirds of cases, the duration of time during vaginal 
delivery is shorter than the incision-to-delivery time at 
cesarean section (52). 


Documentation 

Complete and accurate records are essential in the conduct of 
breech management, regardless of the mode of delivery 
chosen. Within the progress notes, the obstetrician should 
detail the discussions that are the foundation of patient 
informed consent. As has already been discussed, the 
obstetrician is well advised to have a knowledgeable labor 
and delivery nurse present at the time of these interactions 
who can, in his/her own nursing notes, confirm the nature and 
extent of the discussions. 

The obstetrician should record in the progress notes the 
basis for the clinical judgments made in support of 
the decision to conduct a trial of labor. This note should 
stress the clinical and diagnostic factors that favor the choice 
that was made. If a trial of labor is planned, the note should 
make a statement of the specifics of the protocol to be 
followed, with emphasis on the elements of meticulous 
observation during the progress of labor, ongoing assessment 
of adequacy of descent, continuous fetal monitoring, and 
preparedness for immediate emergency cesarean delivery. The 
progress note recorded during the course of labor itself should 
set forth in detail the basis for all clinical decisions in response 
to significant changes in maternal/fetal status. This process 
may at first appear to be excessive, but it is nothing more than 
a plan for strict adherence to the usual standards for 
documentation of high-risk labor. 


COMPLICATIONS 

Prematurity and Low Birth Weight 

The low-birth weight breech fetus, between 25 and 36 weeks 
of gestation, presents a clinical challenge (36,53,54). These 
fetuses have up to a one in five chance of having a major 
congenital malformation (2). Furthermore, such pregnancies 
are commonly complicated by significant obstetric problems 
including but not limited to placenta previa, abruptio 
placentae, and multiple gestations (55). Owing to the relative 
sizes of head and abdomen, the risk of cord prolapse (or body 
prolapse) through an incompletely dilated cervix is high. 

The limits of ultrasound measurement are also a problem. 
Underestimation of fetal weight results in fetuses that are 
essentially dismissed as being too small to survive (56). Less 
likely is the overestimation of fetal weight, which can lead to 
heroic efforts for fetuses with limited chance for survival. In 
the growth-retarded fetus, the abdomen can be significantly 
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smaller than the head and thus more likely to prolapse through 
a partially dilated cervix, resulting in entrapment of the fetal 
head. 

For the fetus between 34 and 38 weeks of gestation, there 
may be a crucial difference, based on the estimates of 
gestational age and fetal weight, in the likelihood of success 
and safety of a trial of labor versus cesarean delivery. By 
insisting on a clinically estimated fetal weight of more than 
2000 g and a gestational age of >36 weeks, a reasonable margin 
of error is built into the protocol. 


Untoward Results 

In the event of an untoward result following either a vaginal 
trial or a cesarean delivery, the facts of the occurrence must be 
carefully documented. If the obstetrician has appropriately 
documented adherence to the originally decided protocol, and 
clinical decision making throughout the course of the trial of 
labor or cesarean delivery has followed this plan, there should 
be little need for lengthy commentary or explanation in the 
progress note. Protracted retrospective explanations entered 
into the medical record with the hope that subsequent 
medical/legal reviewers will be persuaded to exonerate a 
physician’s conduct seldom prove effective, unless the 
remainder of the chart adequately documents a coherent 
prospective plan. In fact, many physicians find themselves 
compromised by their own “explanatory remarks,” because 
such hastily formulated notations are frequently either 
incomplete or poorly articulated. 

Initial discussions with the mother concerning the injury 
or death of her infant ought to be prompt. In these 
conversations, the clinician should frankly discuss the infant’s 
status and/or prognosis, if it is accurately known. Imparting 
either falsely hopeful or falsely negative information is more 
harmful than simply stating that the baby’s condition is 
uncertain or under evaluation. Because an atmosphere of 
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strong emotion often attends this initial communication, it is 
sometimes wise for the obstetrician to defer detailed 
discussion of the circumstances which led to the unpleasant 
result (if they are known) until a later time. Once the mother/ 
family is calm and reasonably receptive to such discussion, 
the physician should explain what happened. Obstetricians 
who regularly pride themselves on their skill, knowledge, and 
professional acumen are at that moment met with a singularly 
demanding challenge: embracing their own human limita- 
tions and explaining in plain language why they were 
powerless to prevent this untoward result. Honest acknowl- 
edgment of both human and technical limitations is necessary 
and appropriate. If done properly, this should simply 
reinforce what the patient should have known before the 
delivery was ever undertaken. The gift of simple humanity on 
the part of the physician at this juncture will go a long way 
toward healing the loss experienced by both the patient and 
the doctor. It is good practice to have another observer 
(nurse, colleague, etc.) present during these discussions. 
Obviously, it is prudent to notify the hospital risk manage- 
ment service of such complications, as it is always uncertain 
whether formal legal proceedings will result from any 
complication and the lag time between the event and the 
legal complaint can be long indeed. 


CONCLUSIONS 

The results of the TBT have changed the approach to breech 
vaginal delivery by the majority of obstetric providers. This 
will eventually lead to the loss of the experience to provide safe 
vaginal delivery to those who present with the persistent 
breech-presenting infant. There currently remain some centers 
that provide vaginal breech delivery with a management 
program consisting of radiologic confirmation of pelvic 
adequacy in conjunction with careful assessment of labor 
and continuous fetal monitoring, which usually produces 
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Figure 4 Overview and flow diagram of the management of breech presentation in early labor. Source: From Ref. 58. 
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outcomes in neonates born vaginally that are comparable with 
those delivered abdominally (29-33) (Fig. 4). 

The liberal use of cesarean section reduces the potential for 
trauma and hypoxia in breech delivery, but it by no means 
eliminates it. In establishing any protocol and ultimately in 
reaching a management plan for any individual patient, it is 
necessary to balance the risks and benefits for both mother and 
neonate from cesarean section and vaginal delivery and to 
counsel families accordingly. Where facilities allow for 
expeditious cesarean section and a stringent protocol for 
evaluation, selected patients may safely be offered a trial of 
labor. However, to assure maternal and fetal safety, the 
obstetrician must be committed to thorough evaluation of the 
maternal pelvis and close attention to the course of labor. 
Furthermore, the clinician must know the mechanics of safe 
breech delivery, regardless of the delivery route initially 
chosen. At cesarean section, although the infant is being 
delivered through incisions in the abdominal wall, the 
mechanism of delivery by extraction has the potential for 
greatly traumatizing the infant unless extreme care is 
exercised. Even at cesarean section, peripheral nerve and bony 
injuries to the fetus are not only possible, but seen to occur 
with regularity (57). The obstetrician can minimize the risk of 
trauma to the breech fetus born by cesarean section or 
vaginally after a labor trial by close attention to detail with the 
application of the standard obstetric techniques for assisted 
delivery. The same approaches to delivery apply to both 
cesarean section and vaginal delivery: minimal force, careful 
pressure to the aftercoming head to prevent the loss of flexion, 
and judicious use of the MSV maneuver and/or Piper forceps 
for cranial extraction. 

Based on the cumulative experience of many clinicians on 
multiple obstetric services, traumatic birth injuries to both the 
parturient and her fetus can often be avoided and always be 
minimized in the management of breech presentation. A 
program of antepartum external cephalic version offers the 
advantage of decreasing the incidence of breech presentation 
in labor, thus avoiding these dilemmas for the clinician. 
Cesarean section will be used to deliver the vast majority of 
breech infant, but a selective trial of labor employing strict 
protocol adherence can be satisfying to both physician and 
parturient and result in an equally good outcome. 
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INTRODUCTION 

In the United States, cesarean section was the most common 
surgical operation in 2006 (1) and about 31.8% of 
approximately 4.3 million infants born in 2007 were 
delivered by cesarean section (2). The rates of cesarean 
section increased dramatically from an annual rate of 5.5% in 
1970 to 24.1% in 1986, stabilized between 1986 and 1989, 
then gradually declined to 21% in 1996, and finally steadily 
rose again to 31.8% in 2007 (2-5). Between 1996 and 2007, 
the overall cesarean section rate increased for all pregnant 
women, regardless of the maternal age, race, and the state of 
residence (5). The overall rate of cesarean section increased 
or decreased with the fall or rise in the rate of vaginal birth 
after previous cesarean section (VBAC), respectively. The 
overall rate of cesarean section increased by 53% between 
1996 and 2007 while the rate of VBAC dramatically declined 
during the same period (5,6). 

Cragin’s dictum “once a cesarean, always a cesarean” dates 
back to 1916, when he suggested that uterine rupture 
following vaginal delivery after previous cesarean birth was 
so catastrophic an event that a repeat cesarean should be 
done prior to the onset of labor (7). This opinion was then 
cited in the fourth edition of Williams’ Obstetrics (8) and the 
attitudes favoring repeat cesarean sections began to prevail. 
All this dates back to a pre-antibiotic, pre-transfusion era 
when cesarean section involved a classical uterine incision. In 
1980, the National Institutes of Health (NIH) Consensus 
Development Conference pointed out that repeat cesarean was 
one of the major reasons for the rising cesarean rate. The 
literature was reviewed and the Consensus Development 
Task Force on Cesarean Childbirth concurred that labor 
following a low transverse uterine incision was associated 
with lower maternal morbidity and mortality, with equiva- 
lent infant outcomes. They concluded that VBAC was an 
appropriate option (9). Subsequently, the rate of VBAC 
steadily increased from 5% to 28.3% while the overall rate of 
cesarean section decreased from 25% to 21% between 1985 
and 1996 (4). After peaking in 1996, the trend for VBAC was 
reversed with the rates of VBAC plummeted to 12.6% in 2002 
and to 8.5% in 2006 with a concomitant rise of overall 
cesarean section to 31.1% in 2006 (10). The reverse trend in 
VBAC could be attributed to (i) the increased number of 
reports of maternal complications and perinatal morbidities 
and mortalities associated with VBAC (11-15) and (ii) 
professional liability concerns (16). The overall success rates 
of VBAC is about 74% with a range from 54% to 89% 
(5,6,17-19). The indications for the primary cesarean 
sections such as failure to progress, breech presentation, 
fetal distress, and genital herpes infection do not appear to 
influence the high success rate of VBAC delivery (17-19). 
Factors that are associated with a higher rate of successful 


VBAC include spontaneous labor, birth weight of less than 
4000 g, and a history of prior vaginal delivery especially a 
prior successful VBAC (1,5,6,20—23). 


RISK OF UTERINE RUPTURES 

Oxytocin 

The risk of uterine rupture in patients undergoing trial of 
labor after cesarean section (TLCS) ranges from 0.4% to 0.5% 
with spontaneous labor and 0.8% to 1.1% with oxytocin 
induction of labor (24,25). The higher the maximum dose of 
oxytocin, the higher the risk of uterine rupture (26). Similarly, 
overuse of oxytocin to augment labor for prolonged latent 
phase in patients undergoing TLCS is associated with a risk of 
uterine rupture 2.7 times that of a control group (26,27). The 
risk of uterine rupture is not increased if uterine pressure is 
carefully monitored, preferably with an intrauterine pressure 
catheter (28). 


Prostaglandin Use 

The risk of uterine rupture in patients undergoing TLCS 
ranges from 0.4% to 0.5% with spontaneous labor and 1.4% to 
2.2% with prostaglandin induction of labor (24,25). The 
increased risk of uterine rupture seems to exist only in the 
setting of sequential process of cervical ripening with 
prostaglandin E, then induction of labor with intravenous 
oxytocin (29). In addition, the use of prostaglandin E, 
(misoprostol) in patients with previous cesarean sections is 
consistently associated with a much higher risk of uterine 
rupture (30-33). Limited data suggest that cervical ripening 
with prostaglandin (PGE2) gel alone in patients with a previous 
low transverse cervical cesarean section appears to be safe, 
without the increased risk of uterine rupture of maternal 
perinatal morbidity or mortality (29). Careful monitoring of 
uterine contraction and fetal heart rates (FHRs) is strongly 
recommended. 

Induction of labor with prostaglandins including mis- 
oprostol during the second trimester for fetal demise in 
patients with previous cesarean sections is a reasonable 
option since it carries a uterine rupture risk of less than 1% 
that is comparable with that of unscarred uterus (34-36). 


Epidural Anesthesia 

The initial concern of epidural anesthesia for analgesia in 
masking the symptoms and signs of uterine rupture such as 
pain or hypotension in patients undergoing TLCS has not been 
supported by clinical data. Epidural anesthesia is not 
associated with an increased risk of uterine rupture in patients 
undergoing TLCS (27,37). The use of epidural anesthesia 
allows adequate pain relief during labor and ready access to 
safe anesthesia when cesarean section is required. 
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Fetal Macrosomia 

Fetal macrosomia is defined as a fetus having an estimated 
weight of 4000 g or more (38). Trial of labor in patients with 
fetal macrosomia is not associated with an increased risk of 
uterine rupture and perinatal or maternal morbidity or 
mortality (27,39). It is uncertain whether fetal macrosomia 
affects the success rates of VBAC (40). One study showed 
VBAC success rates of 78% with infants having birth weights 
of <4000 g, 58% with birth weights between 4000 and 4499 g, 
and 26% with birth weights of >4500 g (41). Another study 
showed a lower VBAC success rate if the neonatal birth weight 
of the index pregnancy is larger than the one associated with a 
prior cesarean section done for cephalopelvic dystocia (42). 
Trial of labor should not be discouraged because of fetal 
macrosomia, in view of its safety and the inaccuracy of 
predicting fetal weight in macrosomic fetuses. 


Breech Presentation 

External version can be safely performed in patients with a 
previous cesarean section, followed by a trial of labor and 
vaginal delivery (43). Success rates of 82% for external cephalic 
version and 65% for subsequent vaginal delivery have been 
reported (44). 


Twins 

The management of patients with multiple gestations remains 
a topic of debate. There are inadequate data on the manage- 
ment of patients with previous cesarean sections who have 
multiple gestations (45—48). 


Amnioinfusion 

Amnioinfusion has been performed for indications such as 
oligohydramnios, meconium-stained amniotic fluid, and 
variable FHR decelerations in patients with previous cesarean 
sections. The success rates of VBAC range from 58% to 83% 
without a significant increase in the incidences of uterine 
rupture and maternal or perinatal morbidity/mortality (49,50). 
The incidence of uterine rupture is 0.8% (49). Amnioinfusion 
does not appear to be a contraindication for a trial of labor in 
patients with previous cesarean sections. 


Multiple Previous Cesarean Sections 

Patients undergoing a trial of labor after having more than one 
previous cesarean section have VBAC success rates ranging 
from 64% to 77% that were comparable with those with one 
previous cesarean section (17,18,51-56). Uterine wound 
separation appeared to be increased, even though not 
statistically significantly in patients with multiple previous 
cesarean sections compared with those with a single previous 
cesarean section (52). There was no increased perinatal 
morbidity or mortality that could be attributed to uterine 
separation or rupture (17,52). More recent studies demon- 
strated that the risk of uterine rupture was inconsistent, either 
about the same (0.9% for one previous cesarean section vs. 
0.7% for multiple ones) or increased (0.9% for one previous 
cesarean section vs. 1.8% for two previous ones) (53,54). Thus, 
a trial of labor for patients with two previous cesarean sections 
is still a reasonable option in the presence of other favorable 
factors for successful VBAC. 
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A Previous Low Uterine Vertical Cesarean Section 

Patients who undergo a trial of labor after a previous low 
uterine vertical cesarean section have VBAC success rates 
ranging from 83% to 85%, risks of uterine rupture ranging 
from 1.1% to 1.3%, and no maternal deaths. There is no 
significantly increased incidence of maternal or perinatal 
morbidity/mortality due to uterine rupture (57-59). There- 
fore, a trial of labor could be attempted in patients who had a 
previous low vertical uterine cesarean section with close 
maternal and fetal monitoring. 


Unknown Uterine Scar 

Documentation of the uterine incision in the previous 
cesarean section is one of the main criteria for undergoing a 
trial of labor. A dilemma occurs when the type of uterine 
incision is unknown. Limited data reveal that the rate of 
uterine rupture is 2.2% without a significant increase in 
maternal or perinatal mortality or morbidity (60). Augmenta- 
tion of labor during the latent phase with intravenous oxytocin 
increased the incidence of uterine separation compared with 
that of patients who were managed expectantly without 
oxytocin (61). 

In 1984, Beall and coworkers (62) reported on 451 women 
with unknown types of uterine scar. Ninety-seven patients 
labored with an 87% vaginal delivery rate. The rate of scar 
dehiscence in the women who labored was 1% that did not 
significantly differ from the one in women with unknown scar 
who did not labor. Perinatal mortality was similar in both 
groups. 


CONCLUSIONS 

The risk of uterine rupture in patients undergoing TLCS varies 
with the type of previous uterine incision and the number of 
previous cesarean sections. The risks of uterine rupture range 
from 0.6% to 0.9% with one previous low transverse uterine 
incision (19,28,53,54,63-66), 0.7% to 1.8% with more than 
one previous low transverse uterine incision (53,54,56,57), and 
is about 12% with a previous classical uterine incision (59). 
Other predisposing factors include excessive amount of 
intravenous oxytocin for augmentation or induction of labor, 
and dysfunctional labor. Fetal macrosomia and epidural 
anesthesia do not appear to increase the risk of uterine 
rupture (27). Signs of uterine rupture include abdominal pain, 
vaginal bleeding, abnormal labor, and abnormal FHR patterns 
such as sudden onset of prolonged fetal bradycardia and severe 
variable decelerations (18,67). Trial of labor in patients with 
previous cesarean sections does not increase maternal 
mortality compared with those undergoing elective cesarean 
section (59). 

Despite the reassuring data, VBAC has been steadily 
decreased during the last decade. Undue concern from both 
obstetricians and patients about the potential maternal, fetal 
complications and legal issues associated with uterine rupture 
and the convenience of scheduled cesarean sections have 
contributed to the low rate of trial of labor. Patients with a 
previous low transverse cervical cesarean section should be 
encouraged to undergo a trial of labor. In addition to the low 
risk of uterine rupture, patients who have successful VBAC 
have significantly lower maternal morbidity in comparing with 
those undergoing elective repeat cesarean section (19,68). Trial 
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of labor may be offered to patients who have two previous low 
transverse cervical cesarean sections. Patients with a low 
vertical uterine cesarean section or unknown uterine scar should 
not be discouraged from a trial of labor after being informed 
of the slightly higher risk of uterine ruptures (up to 2%) 
and potential-associated maternal or perinatal complications. 
Fetal macrosomia is not a contraindication for a trial of labor. 
Epidural anesthesia for pain control may be offered to patients 
who undergo VBAC. Fetal heart rate, maternal labor and medical 
condition should be closely monitored during labor. The 
American College of Obstetricians and Gynecologists has 
recommended that the institution’s resources and the medical 
staff should be immediately available to respond to maternal and 
perinatal emergencies including emergency cesarean section 
delivery if a trial of labor after a previous cesarean section is 
undertaken (69). 
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EPIDEMIOLOGY OF DIABETES IN PREGNANCY 
Preexisting diabetes mellitus complicates approximately 0.3% 
of all pregnancies in the United States (1), while gestational 
diabetes mellitus (GDM) complicates 5% to 10% (2). Type 2 
diabetes, characterized by the typical clinical presentation of 
obesity and insulin resistance, is roughly 10times more 
prevalent in the American population than type 1 diabetes; in 
recent years, as the nationwide epidemic of obesity and type 2 
diabetes has impacted younger and younger individuals, type 2 
diabetes is becoming proportionally more common in 
pregnancy. Individuals with type 1 diabetes are prone to 
ketoacidosis whereas those with type 2 diabetes rarely manifest 
this complication. 


ETIOLOGY 

Diabetes mellitus is a heterogeneous group of disorders all 
characterized by hyperglycemia. Type 2 diabetes, as described 
above, is commonly related to obesity and appears to be 
inherited in a polygenic manner. There are a number of less 
common forms of type 2 diabetes, formerly called “MODY” 
(maturity onset of diabetes in youth), which are inherited as 
single gene defects in an autosomal dominant manner (3). It is 
not yet clear whether insulin resistance alone is sufficient to 
cause type 2 diabetes or whether there must also be an element 
of relative insulinopenia. Type 1 diabetes, on the other hand, 
is an autoimmune disorder in which the immune system is 
directed against the islet cells in the pancreas. There is clearly a 
genetic predisposition toward such pancreatic destruction, as 
evidenced by the preponderance of specific HLA antigens in 
individuals with type 1 diabetes. However, the genetic 
predisposition is not sufficient to bring about the disease, as 
evidenced by the less than 50% concordance of identical twins 
for this disorder (3). 

GDM is a condition of “carbohydrate intolerance of variable 
severity with onset or recognition during pregnancy” (4). 
Women with GDM are at increased risk, compared with the 
general population, for the subsequent development of type 2 
diabetes, with 60% developing this condition within 20 years 
of the index pregnancy (5). One possible explanation is that 
the metabolic changes brought about by pregnancy induce 
transient carbohydrate intolerance in individuals whose 
metabolism is at some point along a continuum ultimately 
leading to diabetes (6). 


PATHOPHYSIOLOGY 

Pregnancy has profound effects on maternal metabolism. It is 
useful to think of these effects as being designed to assure a 
plentiful supply of fuel (glucose, gluconeogenic amino acids) 
and structural material (various amino acids) for the building 
of a fetus. When the gravida has fasted, circulating glucose and 
amino acid levels are lower than those in nonpregnant fasting 


women (7). While it is tempting to speculate that this relative 
hypoglycemia is secondary to fetal consumption of fuel, the 
change occurs relatively early in pregnancy, when the fetus 
cannot yet utilize enough fuel to account for the observed 
phenomenon. The fall in glucose levels during fasting is 
associated with a rise in circulating levels of ketone bodies, to 
an extent greater than that observed in the nonpregnant state. 
This fall in glucose and rise in ketones has been termed 
“accelerated starvation,” which is a useful concept. Insulin 
levels after an overnight fast are significantly higher than those 
in the nonpregnant individual, despite lower glucose values. 
Such apparent insulin resistance is believed by many to be the 
underlying cause of GDM, as will be discussed below. 

When the pregnant woman ingests glucose, particularly 
after an overnight fast, her circulating glucose level increases 
somewhat more slowly, but to a greater amplitude, than in the 
nonpregnant state, despite the fact that her insulin level is quite 
a bit higher than that in nonpregnant women (7). This 
“insulin resistance” is present in both the liver and the 
periphery. Nevertheless, in the context of the usual day-to-day 
ingestion of mixed meals, it appears that normal pregnant 
women maintain their circulating glucose levels within a 
rather narrow range (7,8). 

The insulin resistance mentioned above is most probably 
the cause of the appearance of GDM in 5% to 10% of women 
in the United States. Whether there is also a relative deficiency 
of insulin production in such individuals remains to be 
determined. 

Individuals with preexisting diabetes who become pregnant 
are impacted dramatically by the increase in insulin resistance 
brought about by the pregnancy. Those with type 2 diabetes 
are likely to require markedly increased doses of insulin in 
order to maintain relative euglycemia. Those with type 1 
diabetes generally experience a two- to threefold increase in 
insulin requirements as pregnancy progresses (9). 

Most importantly, despite a tendency toward hypoglycemia 
during the first trimester, individuals with type 1 diabetes are 
significantly more likely to experience diabetic ketoacidosis 
(DKA) during the second half of pregnancy than at other times. 
This proclivity toward DKA appears to be related to the insulin 
resistance of pregnancy. The most important causes of DKA are 
absolute or relative insulinopenia and glucagon excess, resulting 
in hyperglycemia from hepatic glycogenolysis and gluconeogen- 
esis and hyperketonemia due to uninhibited lipolysis and 
increased hepatic production of ketone bodies (10). 
When DKA is present, hepatic glucose production is increased 
as much as threefold, accounting for marked hyperglycemia even 
in patients who have not eaten for a considerable length of time. 
The maternal effects of hyperglycemia during DKA include 
osmotic diuresis, which may result in dehydration. The resultant 
hypovolemia can cause hypotension, renal dysfunction, mental 
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aberrations, and shock. Electrolytes, particularly total body 
sodium and potassium, become depleted. Because ketone bodies 
are moderately strong acids, the maternal pH falls, the serum 
bicarbonate level falls, and an anion gap [(serum sodium)-— 
(serum bicarbonate + serum chloride)> 10-15 mEq/L] results, 
indicative of metabolic acidosis. The acidosis is the cause of the 
characteristic tachypnea and increased tidal volume known as 
Kussmaul’s respirations. Nausea and vomiting frequently 
accompany the acidosis, further exacerbating the hypovole- 
mia and electrolyte depletion. The fetus is particularly at risk, 
with fetal mortality rates historically reported to be in the 
range of 50% to 90% when maternal DKA occurs. Explana- 
tions for this high rate of fetal death include hypoxia due 
to uterine hypoperfusion resulting from maternal hypovole- 
mia and the possible fetal effects of the rapid transport of 
hydrogen ions across the placenta. More recent studies (10) 
report lower perinatal mortality rates of between 9% and 35%, 
suggesting some improvement in the management of this 
complication over the years. During pregnancy, common 
causes of DKA appear to be similar to those seen in the 
nonpregnant state: intercurrent infection and omission of 
insulin injections. However, in addition, iatrogenic causes 
may contribute, including the use of betamimetic agents 
for tocolysis and corticosteroids for the enhancement of 
fetal pulmonary maturity. DKA is not caused by the 
administration of exogenous glucose unless there is simulta- 
neous underinsulinization. 

Even in the absence of DKA, hyperglycemia is associated 
with perinatal morbidity and mortality in diabetic pregnancy. 
In fact, according to the “Pedersen hypothesis” (11), all of the 
problems comprising “diabetic fetopathy” are related to fetal 
hyperinsulinemia, which results from hyperglycemia trans- 
mitted from the maternal to the fetal compartment. This 
concept was extended by Freinkel (12) as the “modified 
Pedersen hypothesis” to acknowledge the probable role of 
non-glucose secretagogues in stimulating fetal pancreatic 
insulin production and release. 

There is a body of experimental evidence to support the 
Pedersen hypothesis with regard to both preexisting and 
GDM. Although a randomized, prospective trial of loose 
versus strict metabolic control in diabetic pregnancy has 
not been carried out, existing data on human pregnancy 
support the concept that near-normalization of maternal 
circulating glucose levels strongly predicts favorable perinatal 
outcome. Karlson and Kjellmer (13) demonstrated that 
diabetic women whose average blood glucose level in the 
third trimester exceeded 150mg/dL manifested a 24% 
perinatal mortality rate, compared with 4% in those whose 
average third-trimester glucose level was less than 100 mg/dL. 
Virtually every series published since that time in which near- 
normalization of glucose levels was attempted has reported a 
perinatal mortality rate of less than 5%. The pathophysiology 
of the relationship between maternal hyperglycemia and 
perinatal death is yet to be determined. However, studies 
in laboratory animal models have demonstrated that 
fetal hyperinsulinemia can lead to hypoxia, acidosis, and 
fetal death (14). Morbidity, such as fetal macrosomia, 
neonatal hypoglycemia, respiratory distress syndrome, 
plethora, and jaundice, has likewise been linked to fetal 
hyperinsulinemia (14). 
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It has long been appreciated that infants of diabetic mothers 
suffer from birth defects at a rate of two to three times that in 
the general population. Because virtually all structural 
anomalies in infants of diabetic mothers have taken place by 
8 to 10 weeks after the last menstrual period (15), the cause(s) 
of such anomalies in humans has been difficult to study. 
Laboratory investigations have demonstrated that maternal 
hyperglycemia during organogenesis can induce fetal anoma- 
lies in rodent embryos (16). In human pregnancies, first- 
trimester glycosylated hemoglobin levels have been positively 
correlated with the likelihood of anomalies, raising the 
possibility of a cause-and-effect relationship between hyper- 
glycemia (or some other aspect of poor metabolic control) and 
birth defects (17-19). In the Diabetes in Early Pregnancy 
(DIEP) study, an observational study in which women were 
asked to perform multiple daily self glucose monitoring tests, 
an approximate halving of the rate of congenital anomalies 
(4.9%) was noted in diabetic individuals registering for care 
prior to conception or during very early pregnancy compared 
with those enrolled after 8 weeks (9%), even though no 
specific goals for glucose control were imposed (20). In this 
study, offspring of diabetic women registering early for care 
still had an approximate doubling of the malformation rate 
compared with control children of nondiabetic mothers. 
Furthermore, no correlation could be found between the level 
of glucose control and malformation rate, a finding possibly 
attributable to the paucity of pregnancies with either very good 
or very poor control in the series. In an interventional study, 
Fuhrmann and coworkers (21) demonstrated a malformation 
rate of 2% to 3% in the offspring of diabetic mothers who were 
given intensive prepregnancy and early pregnancy care, a rate 
similar to that in the general population and considerably 
lower than the 8% rate among offspring of mothers registering 
for care after the eighth week of gestation. Kitzmiller and 
colleagues (22) reported a major malformation rate of 1.2% 
among the offspring of 84 diabetic women who entered a 
preconception care program, compared with 10.9% among 
the offspring of 110 diabetic women presenting for prenatal 
care at 6 weeks of gestation or later. Average ambient glucose 
levels during organogenesis were considerably lower in the 
preconception care group than in the women participating in 
the DIEP study cited above. Poor maternal metabolic control 
has also been linked to spontaneous abortion in diabetic 
pregnancy (19,23,24). It therefore seems likely that there exists 
a continuum of reproductive damage related to aberrations of 
metabolism in early diabetic pregnancy. This ranges from 
spontaneous abortion when poor control is very early and/or 
severe, to anomalies when it comes somewhat later, is less 
severe, or happens at a critical time. As described above, 
aberrations of metabolic control occurring later in pregnancy, 
after organogenesis has been completed, appear capable of 
inducing a wide range of problems which may be called, 
collectively, “diabetic fetopathy.” 

The above pathophysiologic mechanisms appear to be 
operative in gestational diabetic pregnancy, as well as in 
pregnancy complicated by overt diabetes, albeit to a lesser 
degree. Because the metabolic alterations seen in GDM are 
generally, but not always, less severe than those of preexisting 
diabetes, perinatal mortality is distinctly less likely with the 
milder forms of diabetes, particularly if the condition is 
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identified and treated in some way. However, studies of 
undiagnosed and untreated GDM suggest a marked increase in 
the perinatal mortality rate (25,26). Even in gestational diabetic 
pregnancies maintained in reasonably good metabolic control, 
there is an excess of fetal macrosomia (27). Furthermore, 
childhood and young adult obesity has been reported in infants 
of gestational diabetic mothers (28-30), suggesting the 
possibility that the intrauterine milieu may have profound 
and long-lasting effects on adipose tissue formation. Strength- 
ening this hypothesis is the finding of a significant relationship 
between maternal response to a glucose challenge during 
pregnancy and the likelihood of the offspring developing 
diabetes and of the female offspring developing GDM (31). 


DIAGNOSIS 

By definition, preexisting or overt diabetes has already been 
diagnosed prior to pregnancy; it is GDM, therefore, that is 
the subject of this section. The diagnostic criteria currently 
accepted in the United States utilize a 100-g, 3-hour oral 
glucose tolerance test (OGTT) and are based on the work of 
O’Sullivan and Mahan (32), in which normative data were 
collected for 752 consecutive prenatal patients. Various 
thresholds derived from these data were then applied to a 
separate group of subjects who underwent the test during 
pregnancy and then were followed for 7 years. The criteria 
recommended were the most efficient predictors of subse- 
quent diabetes. According to these criteria, GDM is 
diagnosed if at least two of the four glucose tolerance test 
values meet or exceed thresholds two standard deviations 
above the means for their respective specific time intervals. In 
O’Sullivan’s original study (32), venous samples of whole 
blood were utilized, and the Somogyi—Nelson technology was 
applied for glucose measurement. The resultant thresholds 
were fasting 90 mg/dL, 1 hour 165 mg/dL, 2 hours 143 mg/dL, 
and 3 hours 127 mg/dL. These were rounded off to the nearest 
5 mg/dL for ease of recall. 

In the 1970s most clinical laboratories switched to venous 
plasma or serum, which yield values approximately 15% 
higher than whole blood samples. Accordingly, in 1979, the 
National Diabetes Data Group (NDDG) (33) attempted to 
convert the O’Sullivan and Mahan criteria to plasma values by 
adding approximately 15% to each threshold. The resultant 
criteria were at one time recommended by the American 
Diabetes Association (ADA) (34) and the American College of 
Obstetricians and Gynecologists (ACOG) (35) and were 
widely utilized in the United States. The recommended 
thresholds for plasma or serum glucose samples were fasting 
105 mg/dL, 1 hour 190 mg/dL, 2 hours 165 mg/dL, and 3 hours 
145 mg/dL for the 100-g, 3-hour OGTT; GDM was diagnosed 
if two or more samples meet or exceed the above thresholds. 

In addition to the change from whole blood to plasma or 
serum samples, another alteration in glucose testing occurred 
in the 1970s. The Somogyi—Nelson method, which measures 
approximately 5mg/dL of reducing substances other than 
glucose, was replaced by more specific enzymatic methods such 
as glucose oxidase and hexokinase. Consequently, in 1982 (36), 
our group published suggested thresholds to take into account 
both methodological advances: fasting 95mg/dL, 1 hour 
180 mg/dL, 2 hours 155mg/dL, and 3 hours 140 mg/dL. 
One study (37), in which the original methodology of 
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O’Sullivan and Mahan was compared directly with the current 
technology, found that the NDDG criteria were above the 95% 
confidence limits of the O’Sullivan criteria at three of the four 
glucose tolerance testing intervals, whereas the criteria of 
Carpenter and Coustan were within such confidence intervals 
at all times. Subsequently, the ADA (38) recommended the use 
of these lower thresholds, and ACOG (39) recommends using 
either set of thresholds. 

It is important to point out that the relationship between 
glucose intolerance and perinatal morbidity and mortality is, 
in all likelihood, continuous. Magee and colleagues (40) found 
a similar level of perinatal morbidity in pregnancies in which 
GDM diagnosed by the Carpenter and Coustan conversion of 
O’Sullivan and Mahan’s criteria, but not the NDDG conver- 
sion criteria, were met; both groups manifested significantly 
more morbidity than did the general population. Naylor and 
associates (41) compared patients known to their caregivers to 
have GDM (NDDG criteria), patients whose caregivers were 
blinded to the diagnosis of GDM (Carpenter and Coustan 
criteria), and normoglycemic controls. Both groups of patients 
with GDM had a greater likelihood of delivering by cesarean 
section than did normal controls. However, in the patients 
with undiagnosed, milder GDM, cesarean section was related 
to an increased likelihood of macrosomia. In the patients with 
known GDM, the treatment apparently lowered the macro- 
somia rate to that of the normal controls, but high cesarean 
section rates persisted, possibly because of the caregivers’ 
expectations of macrosomia (42). 

The 3-hour, 100-g OGTT was considered too time 
consuming and expensive to be universally applied. There- 
fore, a screening procedure was deemed necessary in order 
to choose which patients should be tested. It was at one time 
traditional to use the taking of a history as the screening test. 
Patients who reported the presence of certain risk factors (e.g., 
family history of diabetes, previous macrosomic baby or 
stillbirth, etc.) would undergo glucose tolerance testing. 
Unfortunately, this method of screening is too insensitive for 
clinical use, identifying only approximately 50% of women 
with GDM (43). For this reason, both the ADA (38) and the 
ACOG (39) have recommended the use of a 50-g, 1-hour 
glucose challenge, administered without respect to the time of 
the last meal, as a screening test for GDM. The test is 
administered at 24 to 28 weeks, and a plasma or serum glucose 
level at or above 130 or 140 mg/dL is considered by these two 
organizations to be an indication for the full 3-hour, 100-g 
OGTT. In our center, we use a threshold of 130 mg/dL, since we 
have determined that 10% of women with GDM manifest 
screening test values of 130 to 139 mg/dL (43). Currently, the 
ACOG (39) acknowledges that the benefits to a population of 
screening for GDM have not been proven, but suggests that if 
screening is to be performed, it be done universally. Exceptions 
would be populations in which the prevalence is unusually high 
or low. In high-prevalence populations, such as the Pima 
Indians, it may make the most sense to omit the screening test 
and go right to the full 3-hour OGTT, since the likelihood of 
having GDM by virtue of being a Pima is higher than that 
imparted by a positive screening test. In low-prevalence 
populations, such as attendees to an adolescent pregnancy 
clinic, screening based on risk factors may be appropriate. 
The ADA made similar recommendations (44). 
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The original O’Sullivan criteria for GDM, as well as the 
NDDG and Carpenter and Coustan adaptations of those 
criteria to more modern methodology, were validated by their 
predictive value for subsequent diabetes in the mother. It 
would be much preferable to use criteria that are based upon 
pregnancy outcomes. Furthermore, the criteria described 
above are used in the United States, whereas other sets of 
criteria and other glucose challenges, such as 50 and 75 g, are 
in use at various places around the world. How much better it 
would be if there were diagnostic criteria accepted worldwide. 
Recently, the Hyperglycemia and Adverse Pregnancy Out- 
comes study was carried out in an attempt to define the 
relationship between hyperglycemia less severe than diabetes 
and adverse pregnancy outcomes (45). Over 23,000 pregnant 
women in 15 centers in nine countries participated in a 
blinded 75-g, 2-hour OGTT. Each of the three OGTT values 
(fasting, 1 and 2 hours) was linearly and significantly related to 
the four primary outcomes studied (birth weight above the 
90th centile, primary cesarean section, cord blood C-peptide 
above the 90th centile, and clinical neonatal hypoglycemia) as 
well as a number of secondary outcomes such as preterm 
delivery and pre-eclampsia. Based upon these results, the 
International Association of Diabetes and Pregnancy Study 
Group (IADPSG) convened a consensus panel to make 
recommendations for the diagnosis and classification of 
hyperglycemia in pregnancy (46). That group recommended 
that a 75-g, 2-hour OGTT be used and that GDM be diagnosed 
if any one or more of the following thresholds are met or 
exceeded: fasting plasma glucose 92 mg/dL, 1-hour plasma 
glucose 180 mg/dL, and 2-hour plasma glucose 153 mg/dL. If 
these recommendations are adopted by professional organiza- 
tions in various countries, the goal of universal diagnostic 
thresholds based upon pregnancy outcomes will have been 
realized. The IADPSG consensus panel also recommended 
that if women are considered to be at high risk for preexisting 
diabetes, they may be tested at the first prenatal visit with 
either a fasting plasma glucose (values at or above 126 mg/dL 
indicate overt diabetes), hemoglobin A,, (values of 6.5% or 
more indicate overt diabetes), or random plasma glucose 
(values of 200mg/dL or more indicate overt diabetes if 
confirmed by fasting plasma glucose or Hb Aic). The 
American Diabetes Association endorsed these recommenda- 
tions in January 2011 (92). 


MANAGEMENT 

The management of diabetes in pregnancy brings together 
advances in internal medicine, obstetrics, pediatrics, physiol- 
ogy, and metabolism. Although there are marked similarities 
in the management of pregnancies complicated by preexisting 
diabetes and those complicated by GDM, the differences in the 
degree of risk and maternal glycemic stability make it most 
convenient to consider each separately. 


Preexisting Diabetes—Medical Management 

Preconception Care 

As discussed above, diabetic pregnancy presents a rare 
opportunity to prevent congenital anomalies. Preconception 
care should begin at the time diabetes mellitus is diagnosed in 
any female prior to or during the age of reproduction. 
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Pediatricians, internists, family doctors, and others caring for 
such patients should educate young diabetic women about the 
need for planning prior to pregnancy, and the increased risk of 
congenital anomalies when a pregnancy begins prior to the 
institution of reasonable metabolic control. Various ap- 
proaches to contraception should be discussed (47) in order 
to minimize the likelihood of inadvertent pregnancy. 

Once the individual with diabetes has decided to attempt 
pregnancy, a thorough evaluation of her medical status should 
be undertaken (48,49). This should include renal function 
tests, cardiac assessment, hemogram, immunity testing for 
hepatitis and rubella, blood type, Rh and antibody testing, and 
HIV testing. A thorough physical examination is appropriate, 
as is an expert ophthalmologic examination in patients whose 
diabetes is not of recent onset. Once risk factors have been 
assessed, the patient should be counseled as to their significance. 
The patient’s list of medications should be reviewed, since drugs 
such as statins, angiotensin converting—enzyme inhibitors, and 
angiotensin-II receptor blockers are contraindicated in preg- 
nancy. If pregnancy is to be initiated, intensive management 
aimed at near-normalization of circulating glucose levels should 
be instituted. There is not widespread agreement as to the most 
appropriate goals for glycemic control during the preconception 
period and during the time of organogenesis in early pregnancy, 
but the ADA recommends that hemoglobin A), be reduced to 
1% or less above the normal range prior to conception, in order 
to reduce the risk of congenital malformations (49). In our 
center, we attempt to maintain fasting and 2-hour postprandial 
glucose levels, measured at least four times a day, at under 
150 mg/dL during this time period. Although we strive for 
tighter glucose control later in pregnancy, the periconceptional 
period is of uncertain duration and hypoglycemic reactions 
appear to be more likely than that in the second half of 
pregnancy. Glycosylated hemoglobin levels are followed at 1- to 
2-month intervals. Once they fall within 1% above the normal 
range for the method being employed, and glucose control 
appears to be stable, we inform the patient that it is reasonable 
to discontinue contraception and attempt pregnancy. Precon- 
ception care has been shown to be cost effective (50), and an 
outline of its contents has been published by the ADA (49,51). 


Care During Early Pregnancy 

Unfortunately, the majority of diabetic women do not present 
for care until after conception. Furthermore, most of those 
presenting when already pregnant are not in optimum 
metabolic control. Because organogenesis has been virtually 
completed by the 8th to 10th week after the last menstrual 
period (15), patients who register prior to this time may 
benefit from attempts to normalize glycemia as rapidly as 
possible. Often, this means a brief period of hospitalization. 
Patients who commence care after organogenesis has been 
completed will also benefit from near-normalization of 
circulating glucose levels, but the degree of urgency is less 
and outpatient management can usually accomplish the 
needed improvement in glycemia without unnecessarily 
interrupting the patient’s life style. 

If the patient has not had the benefit of preconception care, 
the baseline evaluation described earlier should be carried out 
at the time of the first visit in pregnancy. Patients with 
preexisting diabetes will benefit from a team approach to the 
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management of diabetic pregnancy, including physicians with 
special expertise in diabetes management and high-risk 
pregnancy management, as well as dieticians, nurse educators, 
social workers, and subspecialists as needed. Frequent contact 
with the health-care team is essential in order to respond to 
problems as they arise. 


Blood Glucose Monitoring 

Glycemic control can best be assessed by daily self blood 
glucose monitoring, using glucose oxidase—impregnated test 
strips and reflectance meters. There are a number of different 
approaches, including measuring fasting and preprandial 
glucose prior to each meal, 1-hour postprandial glucose 
measurements, and 2-hour postprandial measurements. In 
one study of gravidas with type 1 diabetes, postprandial glucose 
values were more predictive of fetal macrosomia than 
preprandial values (52). A randomized trial of preprandial 
versus postprandial glucose measurements in insulin-requiring 
gestational diabetic women demonstrated that preprandial 
measurements were more effective in preventing adverse 
outcomes (53). In our center, we advise our patients to measure 
glucose in the morning prior to breakfast and 2 hours after each 
meal, at a minimum. Depending upon the clinical circum- 
stances, glucose may be measured at other times, including the 
middle of the night if the Somogyi effect or the “dawn 
phenomenon” is suspected (54). 

Goals for metabolic control utilized in our center include 
the maintenance of fasting values below 95 mg/dL, 1-hour 
values below 130-140 mg/dL, and 2-hour postprandial values 
below 120 mg/dL, with glucose levels under 60 mg/dL being 
viewed as unnecessarily low. All pregnant patients with 
preexisting diabetes, and their significant support persons, 
should be familiar with the appropriate responses to 
hypoglycemia, including the use of glucagon injections. While 
hypoglycemia has not yet been demonstrated to be clearly 
harmful to the fetus, it carries risk enough for the mother that 
its frequency and severity should be minimized to the extent 
possible, compatible with the achievement of good metabolic 
control during pregnancy. 


Insulin Management 

A number of different approaches to insulin administration 
have been used successfully (55) during pregnancy. Rarely, if 
ever, does a single daily injection of intermediate-acting 
insulin suffice to establish and maintain near-normoglycemia. 
In our center, we tend to start with simpler regimens and 
increase the complexity if the need arises. Based upon the 
insulin secretion patterns of normal pregnant women in the 
third trimester (56), we begin with twice-daily injections of 
mixed intermediate- and short-acting insulins. The morning 
total dose, administered before breakfast, is twice the evening 
total dose, administered before dinner. The proportion of 
intermediate- to short-acting insulins is 2:1 in the morning 
and 1:1 in the evening (57). Once a patient has been started on 
this “split, mixed” regimen, the various doses can be adjusted 
to improve the appropriate glucose measurement. Many 
patients require the evening dose to be divided so that the 
intermediate insulin is given at bedtime to avoid morning 
hyperglycemia. Another approach is the use of short-acting 
insulin before each meal, with long-acting insulin given daily 
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at bedtime, or in the morning, or at both times. In some 
centers, the subcutaneous insulin infusion pump is used by 
pregnant women with diabetes, although a randomized trial 
has demonstrated no distinct advantage for this approach 
compared with intensive conventional therapy (58). The 
specific regimen is probably less important than the degree of 
familiarity, understanding, and comfort of both the caregiver 
and the patient. 

A number of insulin analogs have come on the market. 
Insulin lispro and insulin aspart are short-acting insulins, with 
a more rapid onset of action than that of regular insulin. Each 
differs from natural human insulin by a single amino acid. 
They can be given immediately before a meal, which increases 
flexibility of lifestyle. Insulin lispro does not cross the placenta 
to any great extent (59), and insulin aspart appears to have 
similar properties (60,61). Insulin glargine and insulin detemir 
are long-acting insulins with at least 24 hours of duration of 
action. Their absorption curve appears to be flat with no peak, 
and so their use can mimic basal insulin production by the 
pancreas or that of a continuous subcutaneous insulin infusion 
pump. In isolated placental perfusion models, insulin glargine 
at therapeutic concentrations on the maternal side did not 
reach detectable levels in the fetus, and even at very high levels, 
the rate of transfer was low (62). No published studies 
regarding transplacental passage of insulin detemir were 
found. If long-acting insulin analogs are used in pregnancy, 
insulin glargine is preferred to insulin detemir at the present 
time. 


Dietary Management 

Approaches to dietary management of diabetic pregnancy have 
varied greatly over the years (63), and there is no single 
generally accepted dietary prescription. Research is ongoing as 
to the advisability of caloric restriction in obese women with 
type 2 diabetes in pregnancy, but there is concern about the 
possible adverse fetal effects of ketonemia induced by relative 
starvation (64). The ADA has published a set of recommenda- 
tions for dietary management of diabetes during pregnancy 
that emphasize individualization of the prescription for 
medical nutrition therapy (65). The most important aspect 
of the diet is the consistency with which it is followed. 
Dieticians should take into account the ethnic and cultural 
food preferences of their patients. 


Vascular Complications 

Women with diabetes are at risk for a number of vascular 
complications, including nephropathy, retinopathy, neuro- 
pathy, coronary heart disease, and macrovascular disease. 
A detailed discussion of these specific problems is beyond 
the scope of the present chapter, but may be found elsewhere 
(66-68). It is not clear whether pregnancy has an independent 
effect on vascular complications of diabetes. Although one 
prospective study has demonstrated an independent effect of 
pregnancy on worsening retinopathy (69), it is possible that 
the adverse effect was due not to pregnancy itself, but to the 
rapid institution of tight metabolic control coincident with 
pregnancy. It is important that these complications be 
diagnosed and managed promptly and effectively even in the 
nonpregnant individual and appropriate care becomes even 
more important when pregnancy coexists. For example, 
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patients with diabetic nephropathy generally manifest 
increasing hypertension and almost invariably develop in- 
creasing proteinuria as pregnancy progresses (70). It may be 
exceedingly difficult to distinguish nephropathy from pre- 
eclampsia. In our center, the worsening of hypertension, or its 
new appearance, are considered grave complications in 
diabetic pregnancy and necessitate hospitalization and in- 
tensive monitoring of mother and fetus. While proliferative 
retinopathy does not pose a particular threat to the fetus, it 
poses a serious risk of maternal blindness. Laser photocoagu- 
lation is safe to perform during pregnancy and should be 
applied using the usual ophthalmologic indications. 


Preexisting Diabetes—Obstetric Management 

Obstetric and Neonatal Complications 

In addition to perinatal mortality as described earlier, 
a number of obstetric complications occur with greater 
frequency in diabetic than nondiabetic pregnancies (14,71). 
Among these are hypertensive disorders, urinary tract 
infections, hydramnios, and preterm delivery. Particular care 
should be exercised in treating diabetic women with 
betamimetic agonist tocolysis and/or corticosteroids because 
of the possibility of severe hyperglycemia and ketoacidosis 
developing (72). Cesarean section is more common in diabetic 
pregnancies, and respiratory distress syndrome occurs with 
greater frequency at any given gestational age, possibly related 
to poor metabolic control. Neonatal hypoglycemia, plethora, 
jaundice, and hypocalcemia are also more common than in the 
offspring of nondiabetic mothers. 


Fetal Surveillance 

Because of the increased perinatal mortality and morbidity 
risks described above, a number of different modalities of 
fetal surveillance are brought to bear on diabetic pregnancy. 
The increased risk for congenital malformations, particularly 
in cases registering for care after pregnancy has been 
established and among those whose metabolic control is 
suboptimal, merits screening for birth defects. Maternal 
serum multiple marker testing is generally recommended in 
diabetic pregnancy. The laboratory performing the alpha- 
fetoprotein and other screening tests should be informed of 
the patient’s diabetic status, as adjustments in interpretation 
are sometimes necessary. Furthermore, directed ultrasound 
examination is appropriate, particularly when metabolic 
control during organogenesis has been poor or undocumen- 
ted, even in the presence of normal alpha-fetoprotein levels. 
Many of the major malformations can be diagnosed (73), and 
families can be offered options for the management of 
affected pregnancies. 

Serial ultrasound examinations for fetal growth and 
amniotic fluid volume may be helpful during the third 
trimester. Antepartum testing is usually performed, but there 
is no agreement as to which test is ideal, what gestational age 
is appropriate for the commencement of testing, and with 
what frequency testing should be carried out (74). In our 
center, we use the modified biophysical profile (nonstress test 
plus amniotic fluid index) as our primary approach because 
of its simplicity of application. In patients with clear high risk 
for fetal death, such as those with vascular disease and known 
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growth restriction and oligohydramnios, we may commence 
testing as early as 24 to 26 weeks, although the danger of a 
false-positive test is magnified in such early gestations in 
which delivery has a high inherent perinatal mortality and 
morbidity risk. Patients with new or worsening hypertensive 
disorders likewise may be started on early testing. On the 
other hand, patients with excellent metabolic control and no 
other complications may delay the onset of testing until as 
late as 34 to 35 weeks, particularly if daily fetal movement 
determinations are made. We generally perform surveillance 
twice weekly or even more often, depending upon the 
circumstances. 


Timing of Delivery 

Although diabetic pregnancies formerly were routinely 
delivered as early as 4 to 6 weeks prior to term, owing to 
concern about the possibility of unanticipated fetal death, 
current surveillance practices have improved the identification 
of fetuses in jeopardy. In addition, improvements in metabolic 
control appear to be effective in preventing fetal death (75). 
Therefore, automatic early delivery is no longer necessary. 
However, it may be appropriate to deliver those patients whose 
metabolic control is poor or undocumented prior to term. In 
most cases, we await the spontaneous onset of labor. If the 
cervix is “ripe,” consideration may be given to inducing labor 
at 39 weeks or beyond in order to diminish the inconvenience 
and expense of continued testing, as well as the anxiety 
inherent in such high-risk pregnancies. This timing is based 
upon the increasing evidence that delivery prior to 39 weeks of 
gestation is associated with greater neonatal morbidity (76). In 
our center, we attempt to document pulmonary maturity by 
amniocentesis on those rare occasions when totally elective 
delivery by induction of labor or cesarean section is planned 
prior to 39 weeks, provided that the amniotic fluid is abundant 
and accessible (77). We have allowed diabetic pregnancies to 
proceed past 40 weeks, but only rarely. 


Mode of Delivery 

Maternal diabetes is not an indication for cesarean section, but 
its complications may be (78). Complications such as 
hypertensive disorders may require early delivery, increasing 
the likelihood of unsuccessful labor. Fetal macrosomia may 
also make cesarean section more likely. Problems such as 
shoulder dystocia appear to occur more frequently in diabetic 
pregnancies than in others. Although there is no general 
agreement on the subject, we tend to deliver by primary 
cesarean section without a trial of labor in cases of diabetic 
pregnancy in which the estimated fetal weight is 4500g or 
more (78). If the estimate is between 4000 and 4499 g, we 
individualize the decision based upon past obstetric history, 
clinical pelvimetry, and events during labor. Unfortunately, 
our ability to estimate fetal weight by ultrasound is less than 
ideal, rendering any rigid protocol problematic. 


Management of GDM 

The maternal and fetal implications of GDM differ from those 
of preexisting diabetes only by degree. There has been 
controversy as to whether GDM should be treated at all. 
As recently as 2008, the U.S. Preventive Services Task Force 
stated that the evidence is insufficient to recommend for or 
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against the screening for GDM (79). However, a randomized 
trial of screening for and treatment of GDM has now 
demonstrated a benefit in terms of decreased perinatal 
mortality and morbidity (80). Furthermore, a randomized 
double-blind trial of intervention for mild GDM versus standard 
obstetric care also demonstrated a reduction in morbidity with 
identification and treatment (81). Glucose control is generally 
accomplished more easily in GDM, and many patients can be 
managed with dietary intervention alone. The recommendations 
of ACOG (39) are that fasting glucose values be maintained 
below 95me/dL and 2-hour postprandial values be below 
120 mg/dL. Most women with GDM perform self glucose 
monitoring. In our center, each woman with GDM tests her 
blood glucose fasting and 2 hours after breakfast, lunch, and 
dinner. If the fasting values exceed 95 mg/dL or the postprandial 
value exceeds 120 mg/dL during the third trimester, insulin 
therapy is begun in a dose of 20 units NPH mixed with 10 units 
short acting insulin each morning prior to breakfast. A number 
of studies (52,82), including one randomized trial (53), have 
demonstrated that postprandial glucose measurements are better 
predictors of macrosomia and perinatal morbidity than are 
fasting or preprandial values. 

Oral antidiabetic agents are gaining favor in the treatment of 
GDM. While first-generation sulfonylureas were originally 
considered to be contraindicated because of potential fetal 
effects, initial placental perfusion studies of glyburide, a 
second-generation sulfonylurea, demonstrated that very little 
reached the fetal circulation (83). Subsequently, a randomized 
trial of glyburide, in doses up to 20 mg/day, compared with 
insulin, in patients with GDM who required treatment, 
demonstrated similar outcomes in both groups (84). Follow- 
ing publication of this report, glyburide was increasingly 
utilized in patients with GDM. In June 2009, a report from the 
National Institute of Child Health & Human Development 
Obstetric-Fetal Pharmacology Research Units Network de- 
monstrated that fetal levels of glyburide average 70% of 
maternal levels (85). Although no harmful effects of glyburide 
on the fetus have been demonstrated to date, little is known 
about the possible long-term effects of fetal exposure to a drug 
that increases pancreatic insulin secretion. Metformin is a 
biguanide insulin sensitizer, which was demonstrated to be 
similarly effective to insulin in a randomized trial among 
gestational diabetic women needing treatment (86). However, 
close to 50% of patients randomized to metformin required 
supplemental insulin to control their blood glucose levels. Of 
greater concern, metformin has been shown to cross the placenta 
to a significant degree (87). For these reasons, insulin remains the 
first-line drug for treating GDM when medical nutrition therapy 
is not effective enough. If oral agents are prescribed to pregnant 
women, there should be thorough counseling and documenta- 
tion of the unknown risk of these drugs for the fetus. 

Although there are data to suggest that women with 
uncomplicated diet treated GDM do not require fetal 
surveillance other than fetal movement determinations until 
term (88), in our center, we institute weekly nonstress testing 
at 36 weeks in order to avoid inadvertently missing 
gestational diabetic women with risk factors being discovered 
retrospectively. We prefer to document fetal pulmonary 
maturity prior to elective delivery at less than 39 weeks, as in 
preexisting diabetes. 


16.7 


It should be remembered that fetal macrosomia can 
complicate gestational diabetic pregnancy despite apparently 
near-normal blood glucose levels (27). A number of possible 
explanations exist, primarily centering around the likelihood 
that our definitions of “near-normoglycemia” are not really 
normal, but rather approximately two standard deviations 
above the mean. Various approaches to preventing macro- 
somia have been developed (89). One randomized trial (90) 
demonstrated that ultrasonographic demonstration of a large 
fetal abdominal circumference at 29 to 33 weeks could select 
fetuses that would benefit from maternal insulin therapy, 
decreasing the likelihood of neonatal macrosomia, even 
though the maternal fasting serum glucose level was below 
105 mg/dL. A randomized trial (91) of induction versus 
expectant management at 38 weeks of gestation in women 
with insulin-treated GDM demonstrated similar cesarean 
section rates, but fewer large-for-date infants with induction 
of labor. 

As mentioned early in this chapter, GDM is clearly a risk 
factor for the subsequent development of diabetes. For this 
reason, it is important that each patient with GDM be 
counseled to undergo a 75-g, 2-hour glucose tolerance test for 
the diagnosis of diabetes in the nonpregnant state at around 
the time of the 6-week postpartum checkup and ideally 
annually thereafter. Such women should attempt to avoid 
obesity as they mature. There is no reason to counsel women 
with GDM not to have further pregnancies, although they 
should be informed of the approximately 50% risk of 
recurrence. 
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INTRODUCTION 

Chronic hypertension occurs in up to 5% of pregnant women 
(1,2). Rates vary, however, according to the population studied 
and the criteria used for confirming the diagnosis. Terminol- 
ogy and criteria used to diagnose this complication can be 
confusing, as well as the benefit and potential harm of 
treatment during pregnancy. Chronic hypertension may result 
in maternal, fetal, or neonatal morbidity or mortality. These 
complications have significant economic impact, including 
costs of treating sick mothers and neonates and costs of 
intensive antenatal monitoring. The purposes of this chapter 
are to review the effects of chronic hypertension on pregnancy, 
clarify the terminology and criteria used to define and 
diagnose it during pregnancy, and review evidence about 
treatment options. 


HYPERTENSION IN REPRODUCTIVE-AGE WOMEN 
Young hypertensive women who are not pregnant are 
generally active individuals with increased sympathetic tone 
and elevated plasma renin activity. Extracellular fluid volumes 
are usually normal or decreased. More than 80% of 
hypertensive adults have primary or essential hypertension 
of unknown etiology, that is, without an identifiable cause (3). 
Most have mild hypertension, defined as a diastolic blood 
pressure of 90 to 104 mmHg. 

Arguments have been made both for and against treating 
mild elevations of diastolic pressure in young adults. 
Antihypertensive therapy reduces morbidity and mortality 
from stroke, coronary artery disease, heart failure, and renal 
failure for all degrees of hypertension, but the benefit is modest 
for mild hypertension and is concentrated primarily on those 
with hypercholesterolemia, glucose intolerance, left ventricu- 
lar hypertrophy, and cigarette smoking (4). 

In the United States, nonpregnant patients with systolic 
pressure above 140 mmHg or diastolic pressures above 
90 mmHg who have not responded to lifestyle modifications 
are considered to be the candidates for drug intervention. 
Current European recommendations for drug therapy suggest 
that both blood pressure and total cardiovascular risk be 
factored into the decision to begin pharmacotherapy (5). 
These specific cardiovascular risk factors include abdominal 
obesity, smoking, dyslipidemia, diabetes, or family history of 
premature cardiovascular disease. 

In the past, a traditional “step-care” approach to pharma- 
cologic treatment of hypertension involved the patient being 
first given a single commonly used drug such as a beta blocker, 
calcium channel antagonist, angiotensin-converting enzyme 
(ACE) inhibitor, or diuretic. The blood pressure response 
usually is consistent within a given class of agents; therefore, if 
a drug fails to control blood pressure, another agent from the 
same class is unlikely to be effective. At times, however, a 


change within drug class may be useful in reducing adverse 
effects. The lowest possible effective dosage should be used to 
control blood pressure, adjusted every 1 to 3 months as 
needed. Many patients with stage 1 (mild) hypertension can 
attain adequate blood pressure control with single-drug 
therapy (3). The Antihypertensive and Lipid-Lowering Treat- 
ment to Prevent Heart Attack (ALLHAT) trial suggested that a 
diuretic was the best initial choice of agent for nonpregnant 
adults, being equally efficacious and less expensive than the 
alternatives (6). 

When a second drug is needed, it can generally be chosen 
from among the other first-line agents. A diuretic should be 
added first, as doing so may enhance effectiveness of the first 
drug, yielding more than a simple additive effect (7). In 
considering a modification of therapy because of inadequate 
response to the current regimen, the physician should 
investigate other possible contributing factors. Poor patient 
compliance, use of antagonistic drugs (i.e., sympathomimetics, 
antidepressants, steroids, nonsteroidal anti-inflammatory 
drugs, caffeine, thyroid hormones, and cocaine), inappropri- 
ately high sodium intake, or increased alcohol consumption 
should be considered before antihypertensive drug therapy is 
modified (3). 


Preconception Counseling and Early Prenatal Care 
Generally, isolated elevated blood pressure or, less commonly, 
headaches are the only signs or symptoms in women with 
chronic hypertension. The history should seek to discover 
secondary causes of hypertension and note the presence of 
medications that can affect blood pressure (see above.) 

Ideally, hypertensive women considering pregnancy should 
be counseled before conception. They should be informed of 
the potential for superimposed pre-eclampsia and worsening 
of renal disease or systemic illness. Valuable baseline data are 
provided from laboratory tests performed when hypertensive 
patients are first seen before conception or in early gestation. 
Tests to help identify target-organ damage and provide a 
baseline for assessing adverse effects of therapy would include 
the following: urinalysis, hematocrit, plasma glucose, serum 
potassium, serum creatinine, calcium uric acid, fasting serum 
cholesterol and triglyceride level, and electrocardiogram. 
Baseline determination of renal function (24-hour proteinuria 
and creatinine clearance), uric acid, transaminase levels, and 
platelet count are useful for comparison with values in later 
pregnancy to help determine if increases in blood pressure 
during pregnancy represent usual physiologic increases or the 
onset of pre-eclampsia. 

Because of the risk of fetal growth restriction, an early 
sonogram for accurate dating is encouraged. Depending on the 
circumstance, other various specialized clinical tests at the 
initial visit may include echocardiography (for left ventricular 
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hypertrophy), ophthalmologic examination, and renal ultra- 
sonography. Sleep apnea is increasingly recognized as a 
treatable cause of hypertension, and a screening questionnaire 
or sleep study may be appropriate. 

Normotensive patients with intrinsic renal disease but 
minimal renal dysfunction usually do well in pregnancy (8). 
Women with significant renal disease (serum creatinine 
>1.4 mg/dL) may experience deterioration of renal function. 
Those with a serum creatinine >2.0 mg/dL and hypertension 
should be advised of a high incidence of superimposed pre- 
eclampsia, perinatal morbidity and mortality, and deterior- 
ating renal function (8,9). 

Many women with chronic hypertension are under the care 
of a primary care physician and already have been evaluated 
for causes of secondary hypertension, such as primary 
aldosteronism, pheochromocytoma, or Cushing’s disease (3). 
Women with paroxysmal hypertension, frequent 
“hypertensive crisis,” seizure disorders, or anxiety attacks 
should be evaluated for pheochromocytoma with measure- 
ments of 24-hour urine vanillylmandelic acid, metanephrines, 
or unconjugated catecholamines (10). Primary aldosteronism 
is rare in pregnancy, but may present with hypokalemia. 
Imaging studies (magnetic resonance imaging or computed 
tomography) may be helpful in demonstrating or localizing an 
adrenal tumor. Doppler flow studies or magnetic resonance 
angiography can reveal renal artery stenosis (3). 


Nonpharmacologic Therapy 

Borderline or mildly elevated blood pressures can often be 
controlled without medication. Diastolic blood pressures from 
90 to 99 mmHg are not difficult to attain, because pressures 
fall during the first and second trimesters in most pregnant 
women (1). Lifestyle modifications should be encouraged in all 
hypertensive patients regardless of whether they require 
medication. These changes may have beneficial effects on 
other cardiovascular risk factors. Some standard methods of 
treating hypertension must be changed in pregnancy. For 
example, weight reduction is not encouraged during gestation, 
although it is advisable before pregnancy for those who are 
obese. Saturated fats, alcohol, and smoking should be avoided. 
Data are insufficient to routinely recommend additional 
dietary calcium supplementation for the treatment of pregnant 
women with chronic hypertension. 

The severity of hypertension correlates with the extent of 
plasma volume contraction and that pregnant women with 
chronic hypertension have lower plasma volumes than 
normotensive women (11). Thus, sodium is generally not 
restricted during pregnancy, except for the rare pregnant 
woman with chronic hypertension who is salt sensitive or 
whose creatinine clearance is reduced. 

Although exercise has not been sufficiently studied in 
hypertensive pregnant women, theoretic concerns exist about 
the role of uteroplacental blood flow in the pathogenesis of 
pre-eclampsia. Strict bed rest is seldom necessary, but despite a 
lack of formal research on the subject, rest is often prescribed 
to lower blood pressure and promote diuresis (1). Adjust- 
ments may be necessary in child care and employment. 

We encourage patients to take their blood pressures outside 
the physician’s office and keep a record of readings (12). Self- 
monitoring of blood pressure is often helpful in determining 
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whether borderline or mildly elevated blood pressures remain 
elevated at home or in the work setting and whether limitation 
of activity is necessary to better control the blood pressures. 
Adjustments of drug therapy or withdrawal are more plausible 
with the knowledge of frequent blood pressure recordings. The 
patient should have formal instruction on the correct 
technique for applying the appropriately sized cuff, measuring 
the blood pressures while sitting. The patient is also to be 
instructed to notify the office if the blood pressure rises 
significantly before the next scheduled visit. 

Two readings should be taken, separated by 2 minutes. 
Systolic blood pressure should be noted with the appearance of 
Korotkoff sounds (phase I) and diastolic blood pressure with 
the disappearance of sounds (phase V). In certain patients, the 
Korotkoff sounds do not disappear but are present to 
0 mmHg. In this case, the initial muffling of Korotkoff sounds 
(phase IV) should be taken as the diastolic blood pressure. In 
order to reduce inaccurate readings, an appropriately sized 
cuff should be used (length 1.5 times upper arm circumference 
or a cuff with a bladder that encircles 80% or more of the arm). 
The appropriate position in which to measure blood pressure 
is sitting, with the arm at the level of the heart. Measuring BP 
in the “up” arm with the patient side lying gives an 
artifactually lower reading, which does not represent a true 
decrease in BP. 


Mild Chronic Hypertension 

The goal of treating a pregnant woman with chronic 
hypertension is to reduce cardiovascular risks to the mother 
while avoiding compromise of fetal well-being (13). Since 
most pregnant women with chronic hypertension have only 
borderline or mild elevations in blood pressure, the risk of 
acute cardiovascular complication is extremely low. 

Pharmacotherapy of mild hypertension at diastolic levels of 
90 to 99 mmHg must be undertaken cautiously because of the 
possibilities that medication may reduce placental blood flow 
or cross the placenta to directly affect the fetus (1,13). 
Although the literature is conflicting, many obstetricians do 
not prescribe drugs for chronic hypertension in pregnancy 
unless the mother’s blood pressure remains above 150/ 
100 mmHg or her hypertension was well controlled by 
medication before the pregnancy (13). Clinical trials and 
experience have not shown whether long-term treatment of 
chronic hypertension prevents pre-eclampsia. 

Pharmacologic management of chronic hypertension dur- 
ing pregnancy is too small to either prove or disprove 
moderate to large benefits (>20% improvements). A paucity of 
scientific data exists regarding the most appropriate manage- 
ment of women with well-controlled or mild hypertension 
already taking antihypertensive medications at the time of 
pregnancy. Although therapy may offer long-term benefits to 
the mother, such therapy is of unproven short-term benefit 
and could interfere with uteroplacental blood flow and fetal 
growth. In a meta-analysis of 623 women with mild chronic 
hypertension from seven trials comparing antihypertensives 
with no therapy, drug treatment was associated with a decrease 
in the incidence of severe hypertension but no improvement in 
perinatal outcomes (14). 

A systematic review of chronic hypertension management 
during pregnancy revealed that this condition alone doubles 
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the risk for placental abruption (OR, 2.1; 95% CI, 1.1, 3.9) and 
triples the risk for perinatal mortality (OR, 3.4; 95% CI, 3.0, 
3.7) (13). Several studies in this review demonstrated an 
association between chronic hypertension and pre-eclampsia 
(variously defined) and preterm, small-for-gestational age 
(SGA), or low—birth weight infants when compared with 
normotensive women or the general obstetric population. The 
risk of these complications was increased even in the absence of 
superimposed pre-eclampsia, although the absolute increased 
risk from mild hypertension could not be calculated (13). In the 
largest clinical trial, which demonstrated a reduction in 
perinatal deaths, most women took methyldopa beginning 
before or during the second trimester. In a review of 263 women 
with mild hypertension randomized to methyldopa, labetalol, 
or no treatment at 6 to 13 weeks of gestation, treatment with 
antihypertensive medications did not decrease the incidence 
of complications such as intrauterine growth restriction, 
superimposed pre-eclampsia, placental abruption, or perinatal 
mortality (13). 

Data are inconclusive about the benefits and potential 
adverse fetal effects from treatment of mild chronic hyperten- 
sion during pregnancy. It would seem reasonable to defer 
antihypertensive therapy in women with mild hypertension 
who become pregnant unless they have other complicating 
factors (e.g., cardiovascular or renal disease) and to either stop 
or reduce medication in women who are already taking 
antihypertensive therapy (1). Adjusting or withdrawing any 
drug therapy should be undertaken cautiously. A conservative 
approach is necessary to avoid excessive reductions or rises in 
blood pressure. As suggested by the National High Blood 
Pressure Education Program Working Group on High Blood 
Pressure in Pregnancy, therapy could be increased or 
reinstituted for women with blood pressures exceeding 150 
to 160 mmHg systolic or 100 to 110 mmHg diastolic (15). 

Since the evidence for the efficacy of antihypertensive 
treatment for mild hypertension during pregnancy is lacking, 
safety considerations are paramount for clinicians who elect to 
prescribe antihypertensive medication in this indication. The 
following areas have been suggested by Ferrer et al. for further 
research: (i) a better understanding of current practice, (ii) 
benefits and harms of commonly-used, unproven therapies to 
be tested in large collaborative multicenter and population- 
based studies among women with clearly established mild 
chronic hypertension, (iii) comparison between pharmacolo- 
gic therapy begun early in the course of pregnancy with a 
placebo and commonly used alternative therapies, (iv) better 
surveillance systems that routinely monitor adverse events, 
and (v) large trials that compare alternative strategies and use 
clinically important outcomes to establish appropriate and 
cost-effective methods for monitoring (13). 


DRUG THERAPY DURING PREGNANCY 
Table 1 lists drugs commonly used to treat chronic hyperten- 
sion before or during pregnancy (3). Standard oral dose 
regimens and adverse effects to mother and fetus are shown for 
each medication. The prescribing clinician should know the 
efficacy of at least a few of these drugs and their acute and 
long-range effects on fetal well-being. 

Nearly all nonpregnant women can achieve adequate blood 
pressure control with many of these medications. Considerations 


about safety during pregnancy are as important as the patient’s 
hemodynamic status. Experience has shown that, except for 
the ACE inhibitors, the drugs currently prescribed do not 
alone pose any additional risk of perinatal morbidity or 
mortality. A detailed description of the different classes of 
antihypertensive drugs is presented elsewhere, but experience 
with their use during pregnancy is summarized below (3). 


Centrally Acting Adrenergic Inhibitors 

Methyldopa was the first antihypertensive used during 
pregnancy and remains the most commonly prescribed central 
adrenergic antagonist for pregnant women. Because of its 
long-term safety, methyldopa is considered by many autho- 
rities to be the initial drug of choice for pregnant women with 
chronic hypertension and the standard by which other drugs 
are measured (15). Long-term follow-up evaluations of 
outcomes are reassuring, and studies of children exposed in 
utero to methyldopa reported normal mental and physical 
development at 7'/ years of age (16). 


Beta-adrenergic Blocking Agents 

Many women with chronic hypertension are treated with 
labetalol (an alpha and beta blocker) or a pure beta,- 
adrenergic blocker (e.g., atenolol, metoprolol). Most studies 
of these drugs include relatively small numbers of cases with 
gestational ages at entry usually being at 29 to 33 weeks (17). 
Beta-blocking agents cross the placenta easily; they may 
interfere with interpretation of the fetal heart rate (FHR) 
pattern and, in theory, may compromise the fetus’s ability to 
withstand hypoxic stress. A search for growth restriction is 
recommended after long-term exposure to beta blockers. 

Labetalol causes a decrease in maternal blood pressure 
without diminishing blood flow through the fetal aorta, 
umbilical vein, or intervillous space (18,19). Based on 
experimental animal studies and human reports, labetalol 
therapy does not appear to increase the risk of congenital 
anomalies (20). This agent compares favorably with other 
antihypertensive medications for use during pregnancy. 

In a meta-analysis of beta-receptor blockers prescribed for 
pregnancies complicated by hypertension, there was an 
increase in SGA infants born to those women who took oral 
beta blockers for mild hypertension (OR, 2.46; 95% CI, 1.02, 
5.92) (21). In randomized trials comparing oral atenolol with 
metoprolol, no adverse fetal effects were demonstrated with 
either drug (22). 


Calcium Channel Blockers 

The most experience with calcium channel blockers has been 
during the second half of pregnancy as a treatment for 
hypertension or arrhythmias (23—26) or for tocolysis (27-29). 
Nifedipine, the best known calcium channel blocker, exerts a 
greater effect on vascular smooth muscle than on the 
myocardium (30,31). A review on 102 women who received 
oral nifedipine for tocolysis concluded that therapy appeared 
safe for mother and fetus (32). A human investigation that 
utilized Doppler ultrasound techniques to assess fetal and 
uteroplacental circulation did not uncover any significant 
effects after short-term nifedipine therapy (33). Oral nifedi- 
pine is rapid acting and has been used without complications; 
however, long-term trials of calcium channel blockers during 
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Table 1 Standard Oral Doses and Maternal and Fetal Adverse Effects of Antihypertensive Drugs 


Drug Initial oraldose (mg)(usual range) 
Central adrenergic 

antagonists 
Methyldopa 250 bid (250-2000) 


Beta blocker agents 


Metoprolol 50-100 (50—450) 
Atenolol 50 (25-100) 
Labetalol 100 bid (200-1200) 
Vasodilators 

Hydralazine 10 qid (30-300) 


Calcium channel blockers 


Nifedipine 10 tid (30-120) 
Diuretic 

Hydrochlorothiazide 25 (12.5-50) 
Furosemide 10-20 (20-320) 


Sedation, decreased mental 


Sodium retention, aggravation of 


Tachycardia, palpitations, 


Palpations, flushing, headache, 


Maternal adverse effects* Fetal adverse effects 


None reported 
acuity, fatigue, sodium 

retention, hepatic dysfunction, 

drug fever, positive antinuclear 

antibody Coombs test, 

hemolytic anemia, 

galactorrhea and postural 

hypotension 


Intrauterine growth retardation, 
hypoglycemia, respiratory 
depression, bradycardia 


heart failure, bradycardia, 
depression, aggravation of 
bronchoconstrictor disease, 
vivid dreams, interference of 
diabetic control, CNS 
disturbances (headache, 
tremulous) 


None reported on long-term 
use; fetal heart rate changes 
when given acutely at term 


flushing, headache, sodium 
retention, aggravation of 
angina, lupus syndrome, 
neuropathy, dizziness 


None reported but chance for 


orthostatic hypotension reduced placental perfusion 


Decreased renal blood flow and 


cardiac output initially 


Electrolyte depletion, 


thrombocytopenia 
hyperuricemia 


“Maternal adverse effects are usually dose dependent, and low doses are most commonly prescribed during pregnancy. Abbreviation: CNS, central nervous 


system. 


pregnancy are necessary (29). A comparison of nifedipine and 
atenolol reported no differences with either agent (34). 
Fetoplacental hemodynamics, birth weights, and Apgar scores 
were similar between the two groups. 


ACE Inhibitors and Angiotension II Receptor Blockers 
Angiotensin-converting enzyme (ACE) inhibitors, such as 
captopril and enalapril, are commonly prescribed to 
reproductive-age women. Side effects are minimal, and the 
drugs have considerable appeal for patients with renal 
disease. First-trimester effects were suggested by one study 
but have not been established (35). Women who inadver- 
tently become pregnant on these medications can be switched 
to an alternative antihypertensive agent. 

The U.S. Food and Drug Administration has issued a Public 
Health Advisory about ACE inhibitors in pregnancy. Use in 
the second and third trimesters is discouraged because of 
multiple risks to the fetus, including oligohydramnios, hypopla- 
sia of the calvarium, possible death, and patent ductus arteriosus 
or anuria in the neonate. Hypoplasia of the fetal calvarium may 
result from uterine pressure, oligohydramnios, or decreased 
perfusion to the developing head (36). The teratogenic 
risk appears to be similar for the entire drug class (37). 


Angiotensin receptor blockers are not used in pregnancy by 
extrapolation from the effects of ACE inhibitors. 


Vasodilators 

Hydralazine, a peripheral vasodilator, is ineffective when used 
orally as a sole agent (3). In pregnant women with chronic 
hypertension, it should be limited to use as a second- or third- 
line drug. Hydralazine is most often prescribed with 
methyldopa in treating preexisting hypertension in pregnancy. 
When hydralazine is combined with a beta-adrenergic 
blocking agent, reflex tachycardia is lessened and blood 
pressures are reduced. 

It is considered safe for both mother and fetus, although one 
survey in Scandinavia reported fetal thrombocytopenia (38). 
Use of the parenteral form is discussed in the section on 
hypertensive crisis. 


Diuretics 

Diuretics reduce intravascular volume, and women who use 
diuretics from early in pregnancy do not develop the 
expanded blood volume normal in pregnancy (39). Based 
on experimental animal studies and human experience, 
hydrochlorothiazide use during pregnancy is not expected to 
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increase the risk of congenital malformations (37). Theore- 
tically, use during pregnancy might produce fetal biochem- 
ical abnormalities and decreased uteroplacental perfusion, 
but these problems are not believed to occur in women 
treated chronically with thiazide diuretics beginning prior to 
conception. 

A meta-analysis of nine randomized trials involving more 
than 7000 patients revealed a tendency toward less edema or 
hypertension with no increase in adverse fetal effects (40). 
The National High Blood Pressure Education Program 
Working Group on High Blood Pressure in Pregnancy 
concluded, “If diuretics are indicated, they are safe and 
efficacious agents that can markedly potentiate the response 
to other antihypertensive agents and are not contraindicated 
in pregnancy except in settings in which uteroplacental 
perfusion is already reduced” (15). 


Aspirin 

Small doses of aspirin (60-100 mg) by women at high risk of 
pre-eclampsia may reduce the incidence of pregnancy-induced 
hypertension (41). Conclusions from a multinational study of 
more than 90,000 women indicated that low-dose aspirin 
begun before 20 weeks reduced fetal morbidity in a select 
population (42). These women had preexisting disorders, such 
as chronic hypertension or renal disease, or had developed 
pre-eclampsia before 32 weeks of gestation in a previous 
pregnancy. 

No fetal complications attributable to the aspirin have 
been identified. Low-dose aspirin therapy during pregnancy 
does not alter fetal cardiovascular wave forms, decrease fetal 
urine excretion, or increase neonatal bleeding complications 
(43-45). 


WORSENING HYPERTENSION 

Risks to women with diastolic blood pressures of 100 mmHg 
or greater are sufficient to warrant drug therapy. Hospitaliza- 
tion is sometimes necessary. Methyldopa and labetalol are 
commonly the initial drugs of choice (46). If neither is 
successful or the patient does not tolerate it, reasonable 
alternatives are dual therapy, diuretics, or calcium channel 
blockers. 

No evidence exists to show that antihypertensive therapy 
improves fetal well-being or reduces risks of placental 
abruption, disseminated intravascular coagulation, seizures, 
or other maternal complications: (15) with or without drug 
therapy, both fetus and mother should receive frequent 
assessments, with special alertness for signs of renal disease 
or superimposed pre-eclampsia. 

It is often difficult, if not impossible, to distinguish 
worsening chronic hypertension from superimposed pre- 
eclampsia. The prevalence of superimposed pre-eclampsia 
averages 15% to 25% among women with chronic hyperten- 
sion (1). Some studies have shown that infants of chronically 
hypertensive women who do not develop superimposed 
pre-eclampsia do as well as those born to normotensive 
women (1). However, other studies reported higher perinatal 
loss rates in otherwise uncomplicated hypertensive pregnancies 
than those without hypertension. Coexisting conditions such 
as renal disease, diabetes, and obesity also affect the risk of 
perinatal loss. 


Signs of superimposed pre-eclampsia may mimic worsening 
primary renal disease. Conversely, pre-eclampsia may be 
disguised by pre-existing proteinuria or antihypertensive 
medications. Some investigators suggest that the diagnosis 
can be improved by monitoring for decreasing platelet counts 
and increasing serum uric acid levels. A sudden rise in blood 
pressure complicated by proteinuria or symptoms of central 
nervous system irritability should strongly raise the suspicion 
of superimposed pre-eclampsia. With either superimposed 
pre-eclampsia or eclampsia, the outlook for both infant and 
mother can be grave, unless the pregnancy is terminated. 


INDICATIONS FOR DELIVERY 

Delivery is recommended, even preterm, if superimposed 
pre-eclampsia develops, renal function deteriorates, severe 
fetal growth restriction is confirmed, or fetal compromise is 
suspected on biophysical assessment. The most common 
techniques of antepartum fetal surveillance are fetal move- 
ment counting, nonstress testing, and biophysical profiles. 
Daily fetal movement charting can begin early in the third 
trimester. Weekly FHR testing is typically recommended, 
beginning by the 32nd gestational week. Earlier or more 
intensive surveillance is probably appropriate if hypertension 
is more difficult to control or if placental insufficiency is 
suspected (47). 

Serial ultrasound examinations to assess fetal growth are 
commonly recommended every 3 to 4 weeks during the 
second half of pregnancy. As long as the fetus continues to 
grow appropriately and the quantity of amniotic fluid is 
adequate, it can be inferred that placental function and uterine 
blood flow are adequate at that time. Oligohydramnios may 
signify less effective placental perfusion and is associated with 
umbilical cord compression before and during labor. Doppler 
assessment of the fetal arterial or venous system is often used 
as an adjunct. 

Hospitalization is indicated when systolic and diastolic 
values are persistently above 170 and 110 mmHg respectively 
(despite medication adjustment), the clinician suspects super- 
imposed pre-eclampsia or fetal growth restriction, or antenatal 
fetal surveillance warrants. Hospitalization allows for intensi- 
fied maternal and fetal surveillance, for ancillary therapies such 
as antenatal steroids, and for additional consultation if needed. 
If maternal condition deteriorates rapidly or fetal compromise 
persists in the hospital, delivery is indicated. The predictive 
value of fetal surveillance testing may be invalidated by rapid 
changes in the maternal health. Evidence of reduced perfusion 
should be sought periodically in the brain, kidneys, liver, and 
placenta. 

Fetal considerations often dictate the timing of delivery. The 
physician should reconsider delivery as soon as fetal lungs are 
documented mature, if control of blood pressure remains 
problematic, if fetal growth is suboptimal, or if maternal or 
fetal complications could be ameliorated by delivery. When 
delivery is anticipated before 34 weeks, corticosteroids are to 
be given to enhance fetal lung maturity if the mother’s 
condition is stable, and delivery can be delayed at least 
24 hours (48). Amniocentesis may be done if determination 
of pulmonary maturity would influence decision-making. 

Whether these plans of action improve perinatal outcome is 
unclear. Despite good intentions, the approach toward 
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delivering a very premature but surviving perinate who 
requires intensive care and faces the attendant risk of long- 
range developmental disability is open to debate. Such an 
approach is probably best attempted at tertiary care centers 
staffed by specialized personnel. 


INTRAPARTUM CARE 

Vaginal delivery is preferable to cesarean delivery, regardless of 
gestational age. If the condition permits, an induction of labor 
should be attempted regardless of cervical condition. A clear 
endpoint is encouraged from the onset, with delivery usually 
being expedited within 24 to 48 hours after the decision to 
induce labor (49). If vaginal delivery cannot be effected within 
a reasonable time, a cesarean may be preferable. Regional 
anesthesia is preferred to general anesthesia because of the risk 
of provoking uncontrolled hypertension when the airway is 
instrumented. 

Although intrapartum analgesia with narcotics may be used, 
attempting to manage or prevent eclampsia with profound 
maternal sedation is dangerous and ineffective. Epidural 
anesthesia is permissible when an experienced anesthesiologist 
is available and no coagulopathies are present. Hazards include 
the possibility of extensive sympatholysis with resultant 
decreased cardiac output, maternal hypotension, and impair- 
ment of an already compromised uteroplacental perfusion (1). 
The advantage, of course, is that epidural anesthesia blunts the 
sympathetic response to pain, which may be exaggerated in 
women with preexisting hypertension. Women with chronic 
hypertension complicated by significant cardiovascular or 
renal disease require special attention to intake and urine 
output, because they may be susceptible to fluid overload with 
resultant pulmonary edema. 


POSTPARTUM CONSIDERATIONS 

Acute hypertensive changes usually dissipate within the first 
few days after delivery. The likelihood of underlying chronic 
hypertension is greatly increased if hypertension persists more 
than 3 days after delivery. In such cases, oral antihypertensive 
therapy is often begun before discharge and the women are 
reevaluated in the next week. Hypertension that persists longer 
than the postpartum period (12 weeks post delivery) is 
classified as chronic (1). 

Reinstituting the prepregnancy regimen treatment is often 
appropriate for women who were previously well controlled. 
As an alternative, either oral nifedipine or labetalol is 
commonly prescribed, using the lower doses shown in Table 1. 
Self-blood pressure monitoring at home or work is helpful in 
determining the need to continue any antihypertensive agent. 
If prepregnancy blood pressures were normal or unknown, 
it is reasonable to stop medications after 3 to 4 weeks and 
observe. 

Many chronically hypertensive women wish to breastfeed. 
When hypertension is mild, medication may be withheld 
and the blood pressure should be observed closely. For a 
breastfeeding mother with more elevated recordings, the 
clinician should continue drug therapy at the lowest effective 
dose. All agents have low but measurable amounts in the milk, 
and no clinical trials have studied the cardiovascular effects 
of an antihypertensive agent on the breast-fed infant (50). 
Most antihypertensive drugs, including ACE inhibitors, are 
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considered “compatible with breastfeeding” by the American 
Academy of Pediatrics. 

Postpartum contraception is advisable to reduce the risk of 
an unplanned pregnancy. Oral contraceptives, depot medrox- 
yprogesterone acetate (Depo Provera), and other hormonal 
contraception are not contraindicated in chronically hyper- 
tensive patients who are under 35 and do not smoke, as long as 
the blood pressure is controlled and monitored (51). 


HYPERTENSIVE CRISIS 

Hypertensive emergencies still occur, albeit less frequently: in 
the years before the availability of antihypertensive drugs, 7% 
of individuals with hypertension could expect to develop a 
hypertensive emergency (with an associated 1-year mortality 
risk nearly 80%); the figure is now 1% to 2% (52,53). Most 
patients who develop a hypertensive crisis have a history of 
hypertension, often inadequately treated. This may not be the 
case in pregnancy, however, where hypertensive crisis may 
manifest against a background of either chronic hypertension 
or pre-eclampsia. 


Incidence and Definition 

Hypertensive crisis can occur at any time before or after 
delivery. There are no reliable data on the incidence of 
hypertensive crisis complicating pregnancy. A query of the 
National Hospital Discharge Survey for severe maternal 
morbidity included 50 million deliveries and reported 36,000 
cases of eclampsia and 6000 cerebrovascular accidents in the 
United States across the time period from 1991 to 2003 (54). 
This excludes those pregnant women whose hypertensive crisis 
did not result in one of those diagnoses, but it would appear 
that in the United States at least 3500 women per year develop 
a hypertensive crisis during pregnancy, which is roughly 1 per 
1000 live births. Figures from Canada appear to be about half 
of that (55). 

The clinical entity of hypertensive crisis is poorly defined, 
but this term has replaced earlier terms such as “malignant 
hypertension” and “accelerated hypertension.” While it seems 
intuitively obvious that it refers to a state of severe 
hypertension, there is no consensus as to the degree of 
hypertension involved. The Joint National Committee (JNC) 
on Detection, Evaluation, and Treatment of High Blood 
Pressure (JNC) reports of 1993 and 1997 divided acute severe 
hypertension into categories of “hypertensive emergency” and 
“hypertensive urgency” (56,57). The distinction between the 
two related not to blood pressure measurement but to the 
presence of end-organ damage. The most recent iteration, 
JNC 7, does not address hypertensive emergency specifically 
but refers to stage 1 (systolic BP 140-159 mmHg or diastolic 
90-99 mmHg) and stage 2 (systolic 2160 mmHg or diastolic 
2100 mmHg) hypertension, largely for the purposes of 
initiating outpatient drug therapy (7). JNC 8 is scheduled for 
release in 2010 and may redress this flaw (58). 


Pathophysiology 

The pathophysiology of hypertensive crisis is still inadequately 
understood. Because blood pressure is determined by cardiac 
output and peripheral vascular resistance, and cardiac output 
itself is a product of heart rate and stroke volume, there are 
several possible triggers, but it appears that an abrupt increase 
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in systemic vascular resistance is most commonly involved 
(53). Mechanical stress causes vascular endothelial damage, 
which in turn provokes increased permeability, activation of 
the coagulation cascade, and fibrin deposition. Fibrinoid 
necrosis of the arterioles can further decrease vascular 
perfusion and thus activate the mediators commonly asso- 
ciated with ischemia, further worsening injury. In many (but 
not all) hypertensive crises, the renin—angiotensin system is 
activated, forcing further vasoconstriction and production of 
inflammatory cytokines (59). Because of pressure natriuresis, 
effective circulating volume is decreased: this stimulates the 
kidney to produce vasoconstrictive mediators. A feed-forward 
loop or vicious circle becomes difficult to break. 


Hypertensive Crisis: Emergency Vs. Urgency 

Individuals with systolic blood pressure 2180 mmHg, or 
diastolic 2110 mmHg, are commonly considered to be in a 
state of hypertensive crisis (53). If evidence exists for acute 
target-organ involvement (Table 2), then pressures must 
emergently be reduced, within the next 1 to 2 hours, to limit 
damage or prevent further organ failure: this qualifies as a 
hypertensive emergency. In the absence of end-organ findings, 
while it is certainly prudent to begin measures to lower blood 
pressures, the process can be allowed to take 24 hours or 
longer, and the situation is hypertensive urgency. 

This cutoff point, admittedly arbitrary, is even less well 
defended in the case of hypertension in pregnancy. Current 
guidelines from the American College of Obstetricians and 
Gynecologists allow a diagnosis of severe pre-eclampsia if a 
systolic pressure of 2160 mmHg is achieved or any of the 
criteria in Table 3 is met (60). Comparing these with the 
standard list of clinical syndromes, which defines hypertensive 
emergency, CNS findings, pulmonary edema, and thrombo- 
cytopenia or microangiopathic hemolytic anemia are common 
to both. Martin et al. have suggested that systolic blood 
pressure in pre-eclampsia is far more important than diastolic 
and reported that in 96% cases of stroke related to pre- 
eclampsia, systolic pressure was greater than 160 mmHg 
immediately preceding the event (61). 

While nonpregnant patients with hypertensive crisis most 
commonly present to emergency care with symptoms related 
to target-organ involvement, this may not be true for pregnant 
patients, who have many interactions with the health-care 
system during pregnancy. The pregnant patient with hyper- 
tensive crisis (e.g., hypertensive urgency rather than emer- 
gency) may be asymptomatic and be admitted for evaluation 
after hypertension is noted in the office. As a rule, the patient 
with abnormally high blood pressure but no signs or 
symptoms of target-organ damage is considered to have a 
hypertensive urgency rather than emergency. Unlike true 
hypertensive emergency, hypertensive urgency allows 24 to 
48 hours to normalize blood pressure: oral agents are 
acceptable. It is prudent to lower mean arterial pressure 
gradually so that the limits of autoregulation are not exceeded. 


Initial Evaluation and Management 

If a hypertensive crisis is suspected, then diagnosis, assessment, 
and therapy should proceed at equal pace. In the setting of 
hypertensive emergency, speed of intervention is important in 
limiting complications. A history should be obtained, focusing 


Table 2 Hypertensive Emergency: Organ System and 
Clinical Manifestation 


Cerebral Hypertensive encephalopathy 
Stroke 
Cardiovascular Acute aortic dissection 
Acute myocardial infarction 
Acute left ventricular failure 
Renal Acute renal failure 
Hematologic Microangiopathic hemolytic anemia 
Placental Severe pre-eclampsia (?) 


Eclampsia 
HELLP syndrome 


Abbreviation: HELLP, hemolysis, elevated liver enzymes, and low platelet 
count. 


Table 3 Criteria for Diagnosis of Severe Pre-eclampsia (One 
or More of the Following) 


BP 2160 mmHg systolic or 2110 diastolic 
(two occasions, at least 6 hr apart) 

Proteinuria 25 g in 24 hr 

Oliguria (<500 ml in 24 hr) 

Cerebral or visual disturbances 

Pulmonary edema or cyanosis 

Epigastric or right upper quadrant pain 

Impaired liver function 

Thrombocytopenia 

Fetal growth restriction 


on any known history of hypertension, medications (pre- 
scribed, over-the-counter, and illicit), obstetric history, and 
symptoms. Blood pressure should be measured in each arm, 
with the patient sitting, using the correctly sized cuff. The 
remainder of the physical examination should incorporate 
assessment for pulmonary edema, peripheral pulses, and 
neurologic evaluation. In the nonpregnant patient with 
hypertensive crisis, fundoscopic examination of the retinas 
and auscultation of the flanks for bruits in the renal arteries are 
recommended as well (53), but in the hands of an 
obstetrician—gynecologist inexperienced in these examina- 
tions, they are likely to be of low yield. 

Blood should be sent for electrolytes, blood urea nitrogen, 
serum creatinine, hepatic function, complete blood count, and 
coagulation profile. If a specific concern exists (illicit drug use, 
pheochromocytoma), additional laboratory testing should be 
ordered as relevant. Fetal assessment is important. Fetal 
cardiac activity should be confirmed or excluded immediately 
upon admission. Ultrasound assessment for fetal growth, 
amniotic fluid, Doppler, and the like should be deferred until 
after the maternal condition is stabilized. The utility of 
electronic fetal monitoring is discussed below. 

Once diagnosed with a hypertensive emergency (abnormally 
high BP plus evidence of target-organ damage), the patient 
must be treated immediately with the goal of reducing BP 
within 1 to 2 hours. This will require parenteral medication 
and high-acuity nursing care. It will often require minute-to- 
minute evaluation, so the threshold for intra-arterial monitor- 
ing should be low. There are no good clinical trials that could 


Table 4 Drug Therapy for Acute Hypertensive Crisis 


Drug 
Clevidipine 


Enalaprilat 


Esmolol 


Fenoldopam 


Hydralazine 


Ketanserin 


Drug classification 


Calcium channel 
blocker 
(dihydropyridine) 


Angiotensin- 
converting enzyme 
inhibitor 

Beta, blocker 


Dopamine (D1) 
receptor agonist 


Peripheral vasodilator 
(arteriolar) 


Serotonin receptor 
blocker 


FDA 


pregnancy 
category 


¢ 


C (first 
trimester) 


@ 


n/a 


Dose (initial) 
1-2 mg/hr iv 
infusion 


1.25 mg iv 


500 mcg/kg/min 
load over 
1 minute, 
followed by 
50 mcg/kg/ 
min x 4 min 


No bolus dose; 
begin infusion 
at 0.03- 

0.1 mcg/kg/ 
min 

5 mg IV bolus 


5-10 mg IV 
bolus 
followed by 
4 mg/hr 


Dose adjustment 


Initially, double dose q 
90 sec; as target BP 
approached, lengthen 
interval to 5—10 min, 
decrease to less than 
doubling, based on 
patient response; max 
16 mg/hr 

Repeat q 6 hr, max 5 mg 


May repeat loading dose 
(500 mcg/kg/min), 
then increase infusion 
rate by 50 mcg/kg/ 
min, q 5 min; as target 
approached, lengthen 
interval or decrease 
increment 

Increase q 15 min by 
0.05-0.1 mcg/kg/min, 
max dose 1.6 mcg/kg/ 
min 


10 mg, 20 mg 


Repeat bolus, increase 
infusion rate by 2 mg/ 
hr; dose may be 
adjusted at 20-min 
intervals, max 
infusion rate 14 mg/hr 


Onset Duration 
2—4 min 5-15 min 
after 
stopping 
infusion 
Immediate <10 min 
5 min 
15-20 min 3—6 hr 
10-20 min 13—16 hr 


Side effect profile 


Atrial fibrillation, 
nausea, headache, 
tachycardia 


Nausea, vomiting, 
headache 


Bradycardia, injection 


site pain, nausea 


Flushing, nausea, 
headache, 
tachyarrhythmia 


Tachyarrhythmia, 
headache, nausea, 
dyspnea 


May inhibit uterine 


contractions. Failure 


rate appears to be 
high. Q-T 
prolongation 


Notes 


Lipid emulsion; cannot 
use if allergic to soy 
or eggs; adverse 
effects on lipid 
profile 


Metabolized by red 
blood cell esterases; 
independent of 
hepatic or renal 
function 


Rarely: hepatotoxicity, 
lupus. Promotes 
salt/water retention. 
Tachyphylaxis 
common 

Not FDA approved; 
used in Europe, 
South Africa 
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Labetalol 


Nicardipine 


Nitroglycerin 


Sodium 
nitroprusside 


Phentolamine 


Trimethaphan 


Mixed alpha and beta 
blocker (beta 
predominates, 7:1) 


Calcium channel 
blocker 
(dihydropyridine) 

Nitrate, vasodilator 
(venous and 
arteriolar) 


Vasodilator 
(venous and 
arteriolar) 


Alpha blocker 


Ganglionic blocker 


10-20 mg IV 
bolus 


Initial rate 
5 mg/hr 


Initial rate 
5 mcg/min 


No bolus; begin 
at 0.2— 
0.3 mcg/kg/ 
min 


1-5 mg iv bolus 


Initial rate 0.5- 
1 mg/min 


Repeat q 5-10 min, 
doubling the dose to 
max bolus 80 mg. 
Continuous infusion 
1-2 mg/min is an 
alternate to bolus 
dosing 

Increase rate by 2.5 mg/ 
hr q 5-15 min; max 
15 mg/hr 

Increase rate by 5 mcg/ 
min q 3-5 min, max 
100 mcg/min 


Increase by 0.2-0.5 mcg/ 
kg/min (q 5 min) to 
usual max 2 mcg/kg/ 
min; rarely as high as 
5 mcg/kg/min. Use 
lowest 
dose possible, shortest 
time possible 


Increase by 0.5-1 mg/ 
min, max 15 mg/min 


2-5 min 


5-10 min 


2-5 min 


Instant 


1-2 min 


1-5 min 


3-6 hr 


1—4 hr 


3-5 min 


~l min 


5-15 min 


10 min 


Bradycardia, dizziness, 
GI effects, abnormal 
liver function, 
hypoglycemia 


Tachycardia, dizziness, 
headache, edema 


Tachyarrhythmia, 
headache, nausea, 
dizziness, visual 
disturbance; rare 


hematologic 
Bradyarrhythmia, Metabolic acidosis, 
tachyarrhythmia, cyanide toxicity, 


rash, sweating, 
dizziness, headache, 
altered mental 
status, restlessness, 
azotemia 


Dysrhythmia, nasal 
congestion 

Tachyarrhythmia, 
hyperglycemia, 
hypokalemia, GI 


symptoms, diplopia, 


pupillary dilation, 
paralytic ileus, 
urinary retention 


thiocyanate toxicity. 


Therapeutic and 
toxic ranges may 
overlap. No quick 
lab test for cyanide 
level exists 


SISTHO HAISNALYadAH ALNOV ANV NOISNALYAdAH OINOYHO 


6°21 


17.10 


form the basis for the management of hypertensive emergen- 
cies, let alone hypertensive emergencies in the setting of 
pregnancy. Management as currently recommended is driven 
largely by expert and consensus opinion. Given these caveats, 
the recommendation is to aim for a reduction in mean arterial 
pressure of 15% to 25% over 1 to 2 hours (53,62,63). While 
the presence of symptoms is a clear indicator that blood 
pressure is dangerously high, a too-rapid or too-acute lowering 
risks worsening the ischemia, which already accompanies 
hypertensive crisis and may exceed the threshold of auto- 
regulation, particularly in the cerebral circulation. At this time, 
it seems appropriate to remark upon the sensitivity of the 
uteroplacental circulation to perfusion pressure and to note 
that an exaggerated drop in blood pressure is frequently 
reflected in decelerations in the FHR tracing. 


Drug Therapy 

The ideal agent for use would be easily administered, have a 
rapid time to both onset and offset, be easily titratable, free of 
side effects, and well tested in pregnancy. Unfortunately, none 
of the agents currently available meet these criteria. Hydrala- 
zine and labetalol are the drugs most commonly used in 
obstetrics for hypertensive crises. Hydralazine, contrary to 
popularly held opinion, has a number of factors that render it 
unsuitable in the setting of hypertensive crisis (53). Its onset of 
action can be delayed by as long as 20 minutes after bolus 
injection, its effect is unpredictable (especially in the common 
scenario of volume depletion), and its duration is unacceptably 
long (up to 6 hours). It has been shown in a meta-analysis to 
produce far higher rates of maternal hypotension than other 
antihypertensives, more adverse effects on the FHR, and more 
maternal side effects: these side effects are commonly headache 
and nausea, which are easily confused with deterioration of the 
clinical condition (64). While labetalol shares with hydralazine 
a long duration of effect, the response to labetalol is typically 
seen within 5 minutes, so the risk of overshoot is lower. 

Other drugs that have been used to treat hypertensive crisis 
include sodium nitroprusside, nitroglycerin, nicardipine, esmo- 
lol, clevidipine, fenoldopam, phentolamine, trimethaphan, 
enalaprilat, ketanserin, and diazoxide (Table 4). Because of 
their immediate effects, they are best given when the patient has 
an arterial line in place. Most of these are given by continuous 
infusion and must be titrated to effect. Depending on local 
protocol, the use of vasoactive infusions may require the patient 
be admitted to an intensive care unit. The intravenous form of 
diazoxide is no longer manufactured, and so it is of historical 
interest only. Enalaprilat has occasionally been used for 
hypertensive crisis in nonpregnant patients, but like all ACE 
inhibitors, it should not be used in pregnancy. 

Data in pregnancy are limited for most of these drugs: 
nicardipine, nitroglycerin, sodium nitroprusside, and esmolol 
have been reported. Nicardipine is developing a track record in 
pregnancy. It has been used successfully as a second-line 
treatment for pre-eclampsia after failure of ketanserin, labetalol, 
or hydralazine (65). In a small randomized trial, intravenous 
nicardipine was just as efficacious as labetalol for controlling 
blood pressure in hypertensive emergency during pregnancy (66). 
It has definite advantages over hydralazine, being a 
more predictable and titratable drug, with a much shorter time 
to onset and quicker disappearance once discontinued. 
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Trimethaphan and phentolamine have largely been replaced by 
other drugs of better efficacy and greater predictability, and 
ketanserin is not available in the United States. There are, as yet, no 
data on fenoldopam or clevidipine in pregnancy. 

Whichever drug is chosen, the goal is to reduce mean 
arterial pressure by 15% to 25% within 1 to 2 hours and then 
gradually lower BP into the range of 160/100 over the next 2 to 
6 hours (67). During this period of time, judicious volume 
repletion should also occur, since the majority of patients in 
hypertensive crisis will be significantly volume depleted 
because of pressure natriuresis. Precipitating factors should 
be corrected if identified (i.e., conditions of catecholamine 
excess, drugs that may contribute to hypertension, etc.). The 
FHR should be monitored both as a sign of uteroplacental 
perfusion and as a sign of fetal status: placental abruption is an 
ongoing concern in severe hypertension, and fetal growth 
restriction, a common complication of pre-eclampsia, signifies 
a tenuous fetal status that may require intervention. It is 
inappropriate, however, to rush to delivery before maternal 
status is stabilized. In cases in which fetal compromise is 
thought to exist, if delivery is contemplated, it will usually be 
by cesarean, and both anesthesia and surgery entail risks in the 
unstable patient. Stroke is an especially feared complication 
when a patient with inadequately controlled hypertension 
requires laryngoscopy and intubation for a general anesthetic. 

Once blood pressure control has been achieved with 
parenteral agents, oral medications can generally be started 
while the parenteral drug is being tapered (68). However, in 
case of pregnancy, hypertensive crisis often means a commit- 
ment to delivery. Absorption of oral medications may be 
unpredictable in labor, and is not feasible during abdominal 
surgery, and therefore the plan is often to defer oral agents 
until after delivery, whether vaginal or cesarean. Oral agents 
should be started at a low dose and increased as necessary to 
the desired effect. Agents that have been used in pregnancy 
include nifedipine, clonidine, and labetalol; postpartum, the 
ACE inhibitors can also be used. There is no good role for 
methyldopa or oral hydralazine as a follow-up agent after 
hypertensive crisis in pregnancy, because adequate blood 
pressure control is crucial in preventing another episode. 
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18 Rheumatologic diseases and antiphospholipid syndrome 
Thomas J. Santoro, Michiyo Tomita, and Alfonse T. Masi 


Rheumatic diseases and associated autoimmune phenomena 
occur frequently in women of childbearing age (1). Many of 
these disorders occur in women who are pregnant or desire to 
become so. In pregnancy, complications arising from coexist- 
ing autoimmune diseases may be minor (e.g., exacerbations of 
low back pain in women with HLA-B27-related spondyloar- 
thropathy syndromes) or life-threatening [e.g., progressive 
glomerulonephropathy, in patients with flare of renal involve- 
ment from systemic lupus erythematosus (SLE) or systemic 
sclerosis (SSc), or serious pregnancy-related thromboembolic 
events in patients with antiphospholipid (aPL) syndromes 
(APS)] (2-4). 


GENERAL CONSIDERATIONS 

Strategies for managing certain of these patients are con- 
troversial. Although all pregnancies in women with diffuse 
connective tissue disorders (CTDs), e.g., SLE or SSc, should be 
considered high risk, little effect from pregnancy may occur in 
such patients with remitted or mild disease. The obstetrician 
and internist/rheumatologist team should construct a well- 
planned assessment and management strategy in anticipation 
of pregnancy in the setting of autoimmunity. The plan should 
be aimed at 


1. surveillance for disease activity, 

2. provision of fully adequate therapy for maternal 
disease, and 

3. assessment of fetal growth and well-being. 


Diligent search for indications of maternal or fetal 
compromise is required, if prompt and effective therapy is to 
be provided. 

Management decisions should consider both the effects of 
pregnancy on maternal disease and the effects of the disease on 
the developing fetus. Active management of the pregnancy 
might include 


1. monitored progression to delivery (5), 

2. interruption by early delivery and immediate 
specialized neonatal care (6), or 

3. therapeutic abortion, if maternal survival is jeopar- 
dized. 


The optimal goal is to attain a healthy term outcome for 
both mother and baby. 


EFFECTS OF ANTIRHEUMATIC MEDICATIONS ON THE 
FETUS AND PREGNANCY 

Ethical considerations mandate that most of the information 
that is used to assess the relative risk of maternal use of a drug 
on the viability of a pregnancy and/or fetus is based on 
developmental toxicity and reproductive studies done in 
animal models. The results of such studies may contribute 


significantly to placing a drug in U.S. Food and Drug 
Administration Pregnancy Category A, B, C, D, or X. Such 
classification exists despite the fact that extrapolating data 
derived from teratogenicity studies done in animals to the 
human situation frequently requires assumptions that may 
not, in certain cases, be entirely valid. “Hard” human 
pregnancy safety data are available for only approximately 
20% of the drugs currently marketed in the United States (7). 
With these limitations in mind, this section will provide a 
summary of our current understanding of the risks associated 
with the use of the more common antirheumatic drugs (i.e., 
anti-inflammatory agents, corticosteroids, small molecules, 
and biologics) in the setting of pregnancy. 


Nonsteroidal Anti-inflammatory Agents (reviewed in ref. (8)) 
Nonsteroidal anti-inflammatory agents (NSAIDs), such as 
celecoxib, diclofenac, and ketorolac, are FDA category C 
drugs. This category derives from animal reproduction studies 
in which an adverse effect was shown on the fetus, and there 
are no adequate and well-controlled studies in humans, but 
potential benefits may warrant the use of the drug in pregnant 
women despite potential risks. However, all other NSAIDs, 
including ibuprofen, are category B drugs. For these drugs, 
animal reproduction studies have failed to demonstrate a risk 
to the fetus and there are no adequate and well-controlled 
studies in pregnant women. The D category drugs have shown 
positive evidence of human fetal risk based on adverse reaction 
data from investigational or marketing experience or studies in 
humans. However, potential benefits may warrant the use of 
the drug in pregnant women despite potential risks. 

Results from a number of studies have indicated that 
NSAIDs may, although rarely, be associated with congenital 
malformations (9,10) and, possibly, increase the risk of 
spontaneous abortions (11,12). These untoward effects 
discourage the use of NSAIDS during the third trimester and 
just prior to delivery (10). Whether maternal use of selective 
cyclooxygenase (COX) inhibitors such as celecoxib reduces the 
potential risk of congenital defects in the fetus compared with 
NSAIDS that target both COX-1 and COX-2 is currently 
unclear. 


Glucocorticoids 

Fetal regulation of glucocorticoid exposure is achieved by the 
placental glucocorticoid “barrier,” which involves glucocorti- 
coid inactivation within the labyrinth zone by 11-beta- 
hydroxysteroid dehydrogenase 2 (1lbeta-HSD2) (13). Data 
from Murphy et al. (14) indicate that placental 11beta-HSD2 
also has the capacity to metabolize a number of synthetic 
corticosteroids, including beclomethasone dipropionate, be- 
tamethasone, dexamethasone, and prednisolone, but not 
others, such as budesonide and fluticasone propionate. In a 
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series of 34 pregnancies in 30 women, prednisolone use was 
associated with increased placental insufficiency, fetal distress, 
and/or stillbirths (15). Overall, however, the available data 
suggest that the risk associated with prenatal exposure to 
corticosteroids, although real, is relatively small. 


Small Molecules (Slow-Acting Antirheumatic Drugs; 
Disease-Modifying Agents) 

Among the commonly used slow-acting antirheumatic drugs 
(SAARDs), or small molecules, methotrexate and lefluno- 
mide have been classified as FDA pregnancy category X 
drugs. Animal or human studies of these drugs have 
demonstrated fetal abnormalities and/or investigational or 
marketing data have indicated human fetal risk. The risk 
involved in use of these drugs in pregnancy clearly outweighs 
the potential benefits. 

Methotrexate is considered the “anchor” drug in the 
treatment of rheumatoid arthritis (RA). It is an abortifacient 
(16) that may induce a pattern of congenital abnormalities, 
referred to as the fetal aminopterin/methotrexate syndrome 
(17). This condition consists of growth retardation, and 
craniofacial, limb, and neurologic developmental anomalies, 
which may be dose dependent. In planning conception, it is 
important to realize that it takes approximately 20 weeks for 
cell-associated methotrexate to become undetectable (18). In 
contrast to methotrexate, there are minimal data on the 
effects of leflunomide on human pregnancy, and the FDA’s 
pregnancy category X classification of this small molecule is 
largely based on the drug’s known inhibitory effects on 
transcription and translation (19) and its demonstrated 
teratogenicity and embryotoxicity in animal reproductive 
studies. Woman who become pregnant while undergoing 
treatment with leflunomide are advised to reduce fetal 
exposure to the drug by undergoing cholestyramine elimina- 
tion procedure. In a study of 64 pregnant women with RA 
who were treated with leflunomide during pregnancy (61 of 
whom received cholestyramine), no increase in adverse 
pregnancy outcomes was found relative to 108 pregnant 
women with RA not treated with leflunomide and 78 healthy 
pregnant women (20). 

The antimalarial, hydroxychloroquine, a pregnancy cate- 
gory C drug, has not been associated with growth or 
developmental abnormalities. However, it has known poten- 
tial untoward effects of retinal or ototoxicity following 
maternal exposure to the drug in the first trimester for the 
treatment of a variety of connective tissue diseases (21,22). Ina 
randomized, controlled trial of nonpregnant lupus patients, 
discontinuation of hydroxychloroquine doubled the risk of an 
SLE flare within the subsequent 6 months (23). Taken 
together, the data suggest that hydroxychloroquine use in 
pregnant patients with connective tissue diseases is relatively 
safe, although not without risk. It may be prudent to continue 
such therapy in some SLE patients who unexpectedly become 
pregnant. 

D-penicillamine traverses the placental barrier and can 
probably decrease molecular cross-linking of collagen in the 
fetus. Two reports describe congenital cutis laxa and associated 
connective tissue birth defects, probably due to D-penicilla- 
mine treatment during pregnancy (24,25). Discontinuation of 
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this drug is recommended prior to conception as well as 
during pregnancy and lactation (26,27). 

Sulfasalazine is FDA approved for the treatment of RA. 
Isolated case reports of fetal malformations exist in the setting 
of maternal sulfasalazine use (28). However, a population- 
based case-control study (29) together with two observational 
studies (30,31) revealed no evidence of teratogenicity in the 
offspring of pregnant women with inflammatory bowel disease 
who had been treated with sulfasalazine. Similarly, no increase 
in the rate of birth defects compared with the general 
population was found in two more recent studies when 
sulfasalazine was used during pregnancy (29,32). Accordingly, 
sulfasalazine enjoys an FDA pregnancy category B classifica- 
tion. If used in a pregnant patient with an autoimmune disease 
(e.g RA), it should be administered with folic acid 
supplementation, since this drug impairs folate absorption 
and metabolism (29,32). 


Immunosuppressive Agents 

Chlorambucil and cyclophosphamide are FDA pregnancy 
category D drugs. They should be discontinued during 
pregnancy and lactation based on their teratogenic potential 
(33,34). Mycophenolate mofetil is used in the treatment of 
lupus and in refractory RA. Although initially given pregnancy 
category C status, use of this drug has been associated with 
recurrent pregnancy loss and congenital malformations and it 
is now classified as a category D drug (available from: http:// 
www.fda.gov/downloads/Safety/MedWatch/SafetyInforma- 
tion/SafetyAlertsforHumanMedicalProducts/ucm093675. 
pdf). Cyclosporin A is FDA approved for the treatment of RA 
and is used as an immunosuppressive agent in a variety of 
other autoimmune diseases as well. Based on the transplanta- 
tion literature, the observed rate of birth defects and neonatal 
deaths after cyclosporine A treatment in doses of 2.5 to 5 mg/ 
kg/day during pregnancy does not exceed that seen in the 
general population (35,36). 

Azathioprine was not infrequently employed in the treat- 
ment of refractory RA prior to the widespread use of biologics. 
Azathioprine is currently used in the treatment of pregnant 
patients with active SLE, where toxicity concerns for the fetus 
obviate the use of cyclophosphamide. Solid evidence linking 
congenital abnormalities to azathioprine and its more active 
metabolite, 6-mercaptopurine (6-MP), does not exist 
(16,37,38). In this connection, a recent study showed no 
increase in the rate of birth defects in 160 children of women 
who were exposed to azathioprine in doses of 50 to 100 mg/ 
day (39). This notwithstanding, it is prudent to discontinue 
the use of azathioprine, 6-MP, or cyclosporine A prior to 
conception and to avoid the use of these drugs during 
pregnancy, if possible, especially in the first trimester and 
during lactation (16,37,38). 


Biologics 

Inhibitors of tumor necrosis factor-alpha (TNF-a) have 
become a mainstay in the treatment of aggressive and 
refractory RA. Over 300 women have been exposed to the 
anti-TNF-a agents, infliximab, etanercept, and adalimumab 
during pregnancy, most during the first trimester (40). 
Approximately 10% of such women were treated with TNF-o 
inhibitors throughout pregnancy. Overall, the numbers are 
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too small to draw definitive conclusions. Two prospective 
controlled studies have shown comparable rates of malforma- 
tion and miscarriage rates in women treated or not with anti- 
TNF-o agents (41). However, the monoclonal anti-TNF-o 
agents (infliximab, adalimumab) do cross the placenta and 
achieve significant plasma level in cord blood (42), and the 
role of TNF-o in embryogenesis remains incompletely under- 
stood. As of 2005, 61 congenital anomalies in 41 children born 
to mothers taking TNF-o inhibitors have been reported to the 
FDA (43). The data provided by the FDA do not permit 
drawing a conclusion of the actual rate of birth defects with the 
use of such agents, but tend to argue against the use of TNF-a 
inhibitors in pregnancy. 

Rituximab is a monoclonal antibody, which is directed 
against a receptor expressed on a broad lineage of B cells that is 
FDA approved for the treatment of RA. Anecdotal reports 
indicated that rituximab can suppress neonatal B cell 
development and the manufacturer recommends the drug be 
discontinued 12 months before pregnancy (44). 


Bisphosphonates 

Bisphosphonates are frequently used to prevent glucocorti- 
coid-induced osteoporosis in a number of autoimmune 
diseases. In a small study (n=21), exposure to these drugs 
during the first trimester did not increase the risk of 
abortion, birth defects, or growth retardation relative to 
controls (45). This notwithstanding, bisphosphonates have 
a half-life of approximately 10 years (in bone), may be 
mobilized during pregnancy, and have been shown in 
experimental studies to cross the placenta and accumulate in 
the fetus. Given the limited amount of data available on this 
class of drugs, use of bisphosphonates in pregnancy is not 
advised. 


DRUGS DURING LACTATION (REVIEWED IN REF. (38)) 
Effects of NSAIDs on the infant are largely unknown. Aspirin 
is generally considered safe for nursing mothers. However, the 
American Academy of Pediatrics recommends that aspirin 
should be used cautiously by the mother during lactation 
because of potential adverse effects in the nursing infant (38). 
The SAARDs, particularly cytotoxic agents, biologics, and 
bisphosphonates, are not recommended during lactation 
(16,38,46). 


RA AND PREGNANCY 

Clinical Profile of RA 

RA is a chronic systemic disease characterized by inflam- 
matory changes in the synovial membranes that primarily 
affect small joints of the extremities in a symmetrical 
fashion (47). The untreated pathologic process often 
extends beyond the synovial tissue and can erode adjacent 
joint cartilage and bone, leading to deformities and 
disability. The underlying mechanisms preceding sympto- 
matic onset that predispose to this disease are unknown 
(48), although inflammatory pathways predominate in the 
clinical phase. Women are affected about three times as 
often as men or to an even greater preponderance during 
childbearing ages. This sex predisposition and increasing 
incidence with age in adults are important clues to 
predisposing mechanisms (48). 


Course of RA in Pregnancy 

The course of this disease often improves during pregnancy, 
usually beginning in the first trimester, although a full 
remission occurs only in the minority of patients (49,50). 
About a quarter of patients do not improve or can worsen 
during the course of pregnancy. Clinically, the features of pain, 
objective swelling, and systemic inflammatory markers tend to 
diminish. Aggravating or stressor factors can increase both 
symptoms and objective manifestations of RA in pregnancy, as 
with other patients. The ameliorating influence usually 
diminishes within weeks following delivery and the course 
may even rebound, unless actively treated (49,50). 


Theories of Pregnancy—Amelioration of RA 

Multiple hypotheses have been advanced to explain gestational 
improvement in RA, as recently reviewed (49,50). Interactions 
in the core hormonal, immunologic, and microvascular 
endothelial (MVE) systems are believed to be important 
determinants of RA (51). These alterations may be favorably 
influenced during pregnancy, but reverse postpartum (52). 
The glucocorticoid and reproductive hormone physiology of 
normal pregnancy and postpartum have been described (53). 
However, their influences upon the neuroendocrine immune 
(NEI) and MVE systems have been less well documented (47). 
During pregnancy, the placenta produces increasing amounts 
of corticotrophin-releasing hormone (CRH) (54,55). A state of 
physiologic hypercortisolism with increased production and 
secretion of cortisol thereby results during pregnancy from 
placental CRH-induced hypothalamic—pituitary—adrenal 
(HPA) activation (53-55). The placental CRH induces HPA 
stimulation and also causes adrenal gland hypertrophy during 
pregnancy (55). 

Generalized immunosuppression is not evident during 
pregnancy, as recently reviewed (49,50). However, the 
increased adrenal and ovarian hormones produced during 
pregnancy are believed to suppress T helper type 1 (Th1) 
activity, which is a pathway implicated in the pathogenesis of 
RA (56,57). Moreover, concentrations of estradiol (E2), as 
found during pregnancy, promoted proliferation of T 
regulatory (Treg) cells exposed to an activating stimulus (58). 

The above NEI interactions favor a shift from Th1 to Th2 
immunity during pregnancy that is believed to have a salutary 
effect on RA activity (49,50). However, recent research has 
called greater attention to the roles of natural killer (NK) and 
NK-T cells in local immune responses of pregnancy and in 
the production of pro-inflammatory cytokines (49,50,59). 
Insufficient studies have been performed of cytokine levels 
during normal pregnancy or in those with RA. Critical 
sequential (repeated) multivariate analytic techniques are 
needed to uncover independent predictors of inflammatory 
mediators and clinical features of RA activity status during 
pregnancy (49). 

In normal pregnancies, syncytiotrophoblast microvilli, fetal 
cells, and cell-free fetal nucleic acids are found circulating in 
maternal blood and in even significantly higher levels in pre- 
eclamptic states (60,61). These microparticles are scavenged by 
antigen-presenting cells and are believed to influence cytokine 
production (59). Serum levels of fetal DNA correlated with 
arthritis improvement during pregnancy in one study (62). 
Microchimerism, that is, two genetically distinct and 
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separately derived populations of cells, can occur during 
pregnancy from placental release of fetal cells into the maternal 
circulation. Incompatibility of HLA-class II antigens between 
mother and fetus is suspected to influence the maternal course 
of RA (63). This area of HLA antigens, maternal—fetal 
incompatibility, and microchimerism were recently reviewed 
(49,50). 


RA and Fertility, and Fetal Outcome in Patients 

Biologic fertility is not believed to be diminished in RA, but 
data are few. Before the onset of RA, the length of time of 
unprotected intercourse until first pregnancy (fecundity) was 
reported to be longer in one study (64), but not in a more 
recent investigation (65). Fertility following the onset of RA 
may be influenced by lessened sexual desire in active disease, 
but firm data are lacking. Fetal outcome of RA patients is 
believed to be comparable with healthy controls (66). 


Effects of Pregnancy on Risk of Developing RA 

The timing of pregnancy history was studied in relation to RA 
onset compared with age-matched normal control women 
(67). The risk of developing RA was about 30% of expected 
incidence during the pregnancy period, but was about fivefold 
greater during the first 3 months postpartum. These data 
mirror the previously described suppression of disease activity 
during pregnancy and postpartum flare in women with RA. 
The postpartum flare was suspected to be explained by breast- 
feeding during that period (68), but the risk ratio of developing 
RA while breast-feeding for 3 months or less was not excessive 
in another study (69). 


ANKYLOSING SPONDYLITIS AND PREGNANCY 
Clinical Profile of AS 

Ankylosing spondylitis (AS) mainly affects the spine and 
sacroiliac joints (SIJs) and also those of the girdles as well as 
lower extremities to a lesser degree (70). A striking (circa 80- 
fold) association occurs with the genetic factor HLA-B27 and 
familial aggregation is strong. The typical spinal and peripheral 
lesions are localized at attachments of ligaments, tendons, or 
joint capsules to bone, that is, enthesopathy sites. The SIJ 
lesions in AS are also unique, characterized by joint space 
narrowing, erosions, bony bridging, and late-stage intra- 
articular bony fusion. Underlying disease mechanisms remain 
obscure, but the enthesopathy feature and SIJ pathology 
suggest that biomechanical stresses could predispose to onset 
and also activate inflammatory pathways in its physiopatho- 
genesis (70). Unlike RA, AS occurs in opposite male to female 
preponderance (circa 2—3M:1F), and has disease onset mainly 
during adolescence or early adulthood (70). 

In early disease, pain and stiffness of the spine and other 
affected areas are the typical symptoms. In later disease, 
symptomatology is accompanied by restricted motion or 
spinal deformities and arthritis of the hips or other lower 
extremity joints. Disease course tends to be less progressive in 
women than men, and fertility is not adversely affected. 


Course of AS in Pregnancy and Outcomes 

Pregnancy does not improve manifestations of primary AS, 
that is, without associated ulcerative colitis or psoriasis 
(71-73). However, postpartum flares can occur during the 
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first 3 months after delivery up to about 90% of the AS 
pregnancies (73). Nevertheless, no substantial change was 
observed in the overall course of disease (71,72). Rather, the 
chronic low back, sacroiliac area, or other pain sites were 
aggravated during a flare. Available data indicate that AS does 
not adversely affect pregnancy (71,72). Worsening of symptoms 
in AS patients during pregnancy or postpartum may require 
additional rest or physical measures, for example, non-straining 
and stretching activities, hot showers or baths, and avoidance of 
impacts or undue fatigue. Lowest effective dosages of anti- 
inflammatory medication are advisable for limited time periods, 
until discontinuation in the last month of pregnancy (72). 


POLYMYOSITIS DERMATOMYOSITIS AND PREGNANCY 
Clinical Profile of PM—DM 

Polymyositis (PM) and dermatomyositis (DM) are acquired 
degenerative and inflammatory myopathies of striated muscles 
that belong to a spectrum of CTDs (74,75). Proximal, rather 
than distal, muscle weakness is the typical early feature, with 
skin involvement of the face, neck, and extensor articular 
surfaces occurring in dermatomyositis. The onset of these 
disorders is bimodal in age, with peaks occurring in the 
juvenile and middle ages. Associated malignancy occurs in a 
minority of adults, particularly in those older than 40 years, 
circa 10% to 15%. 

Active PM—DM is rarely seen in association with pregnancy 
(76,77), due to the low incidence of this disease in childbearing 
ages, less than one-tenth of SLE. However, a greater number of 
remitted patients with prior history of juvenile-onset PM—DM 
may present in pregnancy or for prepregnancy counseling 
(76,77). Only rarely does PM—DM first develop during 
pregnancy. Overall, the prognosis for the mother is good 
(78), and the chances of fetal loss reflect the level of maternal 
disease (76,77). The pregnancy with PM-DM should be 
considered high risk for both the mother and the baby, with 
monitoring of disease activity in the mother and of the growth 
and well-being of the fetus (79). 


Onset of PM—DM in Pregnancy 

As stated, onset of PM—DM during pregnancy is rare, but has 
the poorest prognosis for the fetus (77,78,80,81). Increasing 
corticosteroid dosage is a standard treatment for active 
dermatomyositis in pregnancy, but can have deleterious 
maternal effects. Intravenous immunoglobulin monotherapy 
was successful for the outcome of mother and infant in 
managing a primigravida who presented with dermatomyositis 
in the first trimester of pregnancy (81). 


PM-DM Antedating Pregnancy 

A preceding history of PM—DM occurs more frequently than 
new disease in pregnant patients, due to the juvenile onset of 
this disease (78,80). One study (78) reported 10 pregnancies in 
6 juvenile-onset PM—DM women. The six pregnancies without 
exacerbation of PM—DM resulted in term births, whereas the 
four pregnancies with exacerbations were associated with two 
abortions. Although the disease is often controlled before the 
onset of pregnancy, management of such patients is guided by 
the activity of the PM—DM. The dosage of corticosteroids 
should be sufficient to control disease, since exacerbation may 
increase fetal loss or prematurity (77,78). No neonatal effects 
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of PM-DM were reported in one study of surviving children 
nor have placental abnormalities been reported (78)). 


SSC AND PREGNANCY 

Clinical Profile of Systemic Sclerosis 

SSc or scleroderma is an uncommon multisystem CTD that 
encompasses a broad spectrum of clinical entities (82). The 
spectrum of skin involvement ranges from the most limited 
form of tightening and hardening that affects only the fingers 
(sclerodactyly) to a diffuse form that affects proximal 
extremities and the trunk. Raynaud’s phenomenon, or the 
discoloration of skin on exposure to cold or increased 
emotion, occurs typically before or during the earliest skin 
manifestations of scleroderma. An example of a limited form 
of SSc is the CREST syndrome (calcinosis cutis, Raynaud’s 
phenomenon, esophageal dysmotility, sclerodactyly, and 
telangiectasias). 

The systemic manifestations are also broad and depend 
upon the degree of the three main pathologic features of this 
disease: (i) increased deposition of collagen in tissues, which 
contributes to the skin hardening; (ii) microvascular damage 
and dysfunction, which contribute to skin atrophy and 
ischemia of parenchymal tissues of the gastrointestinal tract 
and circulatory organs (heart, lungs, and kidneys); and (iii) 
immune activation leading to multiple autoantibodies (83,84). 
A number of other scleroderma-like fibrosing conditions can 
also present with clinically hard skin and tissue fibrosis, which 
should be differentiated from SSc (85). Such conditions and 
subsets of SSc can be differentiated by their clinical features 
and occurrence of specific autoantibodies (83,84). 


Effect of Pregnancy on SSc 

Pregnancy in SSc may be uneventful, with good outcomes in 
mother and fetus (86). Those women who have diffuse 
scleroderma could be at higher risk for developing cardio- 
pulmonary or renal problems for which they should be 
carefully monitored. In one study of 59 women with SSc who 
had 91 pregnancies (87), miscarriage was increased only in 
those with long-standing diffuse scleroderma. Three cases of 
renal crisis during pregnancy occurred in that subset. Preterm 
births occurred in almost one-third (29%) of pregnancies, and 
all but one of the infants survived. 


Effect of SSc on Pregnancy and Fertility 

In a case-control study of women with self-reported 
scleroderma, spontaneous abortion was twice as high in the 
cases than controls (88). Pregnancy loss was also high (44%) 
in another series of 28 SSc patients, even though the majority 
(78%) of the 81 gestations had occurred before clinical 
disease onset (89). In another case-control study of 46 
women with SSc, the odds ratio of pregnancy (abortive or 
completed) was lower than that in controls (90), suggesting 
lower fertility. In another study of 100 consecutive women 
with SSc (91), those with limited disease had significantly 
more children than those with diffuse disease, again 
suggesting subfertility in the latter group. 


SLE AND PREGNANCY 

Clinical Profile of SLE 

SLE, or lupus, is distinguished from other diffuse CTD by its 
characteristic multiple organ system and serologic abnormal- 


ities (1,4,92). Erythematosus malar rash, discoid skin lesions, 
photosensitivity, and painless oral or nasopharyngeal ulcers 
are characteristic mucocutaneous features. The arthritis of SLE 
is non-erosive, but may show deformities, such as ulnar 
deviation of the fingers. Pleuritis, pericarditis, and abnorm- 
alities in renal (proteinuria or cellular casts), neurologic 
(seizures or psychosis), and hematologic (hemolytic anemia, 
leukopenia, or thrombopenia) function are also clinically 
typical of SLE and contribute to its classification criteria (92). 

Lupus predominantly affects younger adult women, having 
a F:M sex ratio in the child-bearing ages of approximately 8:1. 
The disease is more common in non-Caucasians (1). The 
clinical presentation, degree of severity, and course of disease 
are all highly variable (4). 

Diagnosis depends upon characteristic clinical manifesta- 
tions together with confirmation by typical laboratory 
abnormalities (1-4,93). The antinuclear antibody (ANA) test 
is positive in essentially all SLE patients. However, it also 
occurs frequently in other CTD. The ANA has greater 
diagnostic import when either absent (tending to exclude 
SLE) or when present in high titers, especially with 
homogeneous or peripheral-staining nuclear patterns (typi- 
cal of SLE). An isolated low-titer ANA lacks association with 
SLE or adverse pregnancy outcome, compared with high-titer 
ANA or the more specific antibodies that correlate with this 
disorder. The specific and confirmatory immunologic 
abnormalities of SLE include anti-native (double-stranded) 
DNA (nDNA) or anti-Smith (Sm) antibody. Positive lupus 
erythematosus (LE) cell preparation, a test that is rarely 
performed today, or chronic (at least 6 months) biologic 
false-positive test for syphilis supports, but does not confirm 
the diagnosis, since these serologic findings are typical but are 
not specific for SLE (1). 


Course of SLE in Pregnancy 
The outcome for pregnant women with SLE has substantially 
improved over the last four decades as evidenced by the 
decline in fetal loss from 40% in 1960 to 1965 to 17% in 2000 
to 2003 (94). However, pregnancy in women with lupus can 
still be associated with significant maternal and fetal 
complications. A recent study reported that the incidence of 
spontaneous abortion, stillbirth, intrauterine growth retarda- 
tion (IUGR), and prematurity are increased at least twofold 
among SLE patients compared with the normal population 
(95). Following the diagnosis of SLE, a greater than fourfold 
increase was observed in pregnancy loss compared with an 
individual’s reproductive history before the diagnosis of lupus 
was made (96). Similarly, a cross-sectional analysis of adverse 
outcomes in 1029 pregnancies of Afro-Caribbean women in 
Trinidad found that SLE pregnancies were more than twice as 
likely to end in fetal death than non-SLE pregnancies (97). Ina 
study of 16.7 million pregnancies, which included 13,555 
lupus patients, an increased maternal mortality of more than 
20-fold, 325 per 100,000 live births, was observed in SLE 
patients (98). The latter rate is lower than that reported in the 
Hopkins Cohort Study (1130 maternal deaths per 100,000 live 
births) (99). 

There is general agreement that increased lupus activity at the 
time of conception increases the likelihood of a flare during 
gestation (99-102). Hence the recommendation: pregnancy 
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should be planned when SLE is in remission. In support of this 
recommendation, a number of reports indicate that pregnancy 
may not increase the risk of lupus flares in the inactive or well- 
controlled patient (94,98,99) and that frequency of flares may 
not be greater in the well-controlled lupus patient in pregnant 
state than in the nonpregnant state (4,93,103—105). 

Exacerbation of disease has been reported in up to 50% of 
SLE pregnancies. In a recent case-control study, flares were 
observed in 18% of SLE pregnancies (106), a rate that agrees 
favorably with another recently published report in Argentina 
(107). Apart from glomerulonephritis and, less commonly, 
neuropsychiatric SLE, flares during pregnancy and in the 
postpartum period are generally mild or moderate, with a 
predominance of cutaneous, articular, and minor hematologic 
manifestations (98,100,107). Of the 309 pregnancies cited in 
the review by Moroni and Ponticelli (102), only 12% of SLE 
flares were associated with renal insufficiency. Active lupus 
nephritis was found to result in greater fetal loss compared 
with pregnancies in women without lupus nephritis and in 
more frequent preterm delivery in the study by Wagner et al. 
(108). By contrast, active renal disease had no effect on 
pregnancy outcome (save for low birth rate) in the study by 
Gladman et al. (109). 

A high rate of adverse fetal events can occur in pregnant 
woman with lupus independent of the presence of lupus 
nephritis (2—4,110,111). Published data have identified several 
risk factors for poor pregnancy outcomes, including the 
presence of hypertension, the presence of lupus nephritis, the 
presence and degree of proteinuria (112,113), and the presence 
of high-titer aPL antibodies. Most American physicians do not 
believe that routine “prophylactic” steroid therapy to suppress 
disease activity during pregnancy reduces risk for maternal 
flare or decreases fetal wastage, unless needed to control 
intercurrent disease flare. 

Decidual vasculopathy with necrotizing inflammatory 
lesions and “acute atherosis” occurs in placentas from lupus 
patients (114,115) as well as in those with the aPL syndrome 
(115,116), irrespective of whether the pregnancies resulted in 
fetal deaths (115) or in live-born SGA infants (117). Placental 
size is reduced in SLE patients compared with both healthy 
and diabetic controls (118). Most later pregnancy losses may 
be attributable to placental dysfunction (114—116,118). 


NEONATAL LUPUS SYNDROME AND CONGENITAL 
HEART BLOCK 

Neonatal lupus is characterized by transient hematologic and 
cutaneous disorders and permanent incomplete or complete 
congenital heart block (CCHB). It occurs in less than 1% of 
the offspring of SLE patients (3,4,119-123) and only in 
pregnancies associated with maternal antibodies to SSA (i.e., 
Sjégren’s syndrome A/Ro) or SSB/La (124). These auto- 
antibodies are present in 25% to 32% of pregnant SLE 
patients (122). In one prospective study of sequential 
pregnancies, none of 38 infants of lupus mothers with anti- 
SSA (Ro) antibody had children with heart block (122). In 
another prospective study of 100 women with anti-Ro/SSA 
antibodies, 2 had infants who developed CCHB in utero. 
Among the 53 lupus mothers who harbored such antibodies, 
no case of CCHB occurred (125). Thus, most infants with 
this syndrome are born of asymptomatic mothers with such 
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antibodies who rarely develop a lupus-like disorder later in 
life (121,124,126). 


CCHB 

Substantial morbidity and mortality are associated with CCHB 
(123). This rare, potentially fatal complication 
(120,122,124,126,127) is more problematic than the non- 
cardiac transient abnormalities in the neonatal lupus syn- 
drome. The CCHB is associated with myocarditis and with 
simultaneously present maternal anti-Ro (SSA) and anti-La 
(SSB) antibodies (120—122,124,126,127). If cardiac conduc- 
tion defects are detected by antepartum fetal heart rate 
monitoring, a fetal echocardiogram should be obtained for 
detection of other cardiac anomalies (120—122,128). Appro- 
priate fetal monitoring and management procedures should be 
employed (128). 


Effects of SLE on Fertility 

There are insufficient data to support a deleterious effect of 
SLE on fertility (129-132). Generally, fertility is not considered 
to be impaired in women with SLE (127,133) except in those 
with severe renal disease (i.e., creatinine clearance <50 ml/ 
min) (3,119) or those exposed to cyclophosphamide or 
chlorambucil. 


MANAGEMENT OF PREGNANT WOMEN WITH SLE 
Initial Assessment and Monitoring 

Management of pregnant women with SLE should be a 
collaborative effort between the obstetrician and the rheuma- 
tologist. The initial intake should consist of a careful history, 
including duration of lupus, an assessment of the patient’s 
current disease activity, the patient’s past obstetric history, and 
the timing of past pregnancies with regard to onset of lupus. If 
the patient is in remission, the duration of remission should be 
noted. Physical examination should include blood pressure 
measurement, cardiovascular assessment, and accurate preg- 
nancy dating with confirmation by early obstetrical sonogram. 
Laboratory testing is suggested to include a complete blood 
count with quantitative assessment of platelets; serum 
creatinine (and measurement of creatinine clearance if 
indicated); complement 3 (C3), C4, and total complement 
levels; the presence of anti-dsDNA, anticardiolipin antibodies 
(aCLs), lupus anticoagulant (LAC), anti-SSA (Ro), and anti- 
SSB (La) (96). In pregnancy, baseline values of C3 and C4 are 
higher secondary to the permissive effect of estrogen on 
complement synthesis. Thus, normal levels of C3 and/or C4 do 
not necessarily mean that a pregnant SLE patient’s disease is 
quiescent. 


Monitoring During Pregnancies 

The complete blood count, creatinine, serum complements, 
anti-dsDNA, and urine with microscopic analysis should be 
repeated at 1- to 2-month intervals, as appropriate, during 
pregnancy and for 3 months postpartum (112). Beginning at 
20 weeks of gestation, obstetrical visits are increased to every 
2 weeks, because pre-eclampsia may occur at this point. At 
28 weeks, visits should be weekly (96). aCL Should be repeated 
if initially negative, each trimester. The other laboratory 
parameter to indicate lupus flares are increases in erythrocyte 
sedimentation rate, lower hemoglobin, and increased activity 
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indices such as Systemic Lupus Erythematosus Disease Activity 
Index (SLEDAI), European Consensus Lupus Activity Mea- 
sure (ECLAM), and Lupus Activity Index (LAI). The SLEDAI 
and LAI have been validated as indicators of flares in pregnant 
SLE patients with a sensitivity of 93% and a specificity of 
98% (134). Clinical and laboratory measures of disease 
activity are used to distinguish kidney involvement in lupus 
from superimposed pre-eclampsia. Early detection and 
aggressive management of lupus activity is the approach 
recommended by most rheumatologists, although determina- 
tion of lupus activity during the pregnancy may be challenging 
(96,101,112). 


Fetal Surveillance 

Surveillance for fetal growth can be conducted by serial 
obstetrical sonography (96,135-138). This is especially im- 
portant in patients with chronic hypertension in whom pre- 
eclampsia has developed, and in SLE mothers with aPL 
antibodies and a history of prior unexplained pregnancy losses 
(139,140). Interestingly, although spontaneous abortions were 
somewhat higher among those with (20.6%) than without 
(11.3%) renal involvement, the presence of nephropathy did 
not significantly alter fetal outcome overall among patients in 
the Mexico City study (110). 

In those patients at risk for fetal congenital heart block 
associated with anti-SSA (Ro) and anti-SSB (La) antibodies, 
additional testing is required (127). This fetal condition occurs 
after 16 weeks of gestation. Screening by m-mode echocardio- 
graphy should be started at 16 weeks and should continue 
weekly until delivery (127). 


Treatment 

(See also Effects of Antirheumatic Medications on the Fetus 
and Pregnancy above). The reader is referred to a number of 
recent reviews for a discussion of treatment of SLE in 
pregnancy (96,101,102). 


Route and Timing of Delivery 

For SLE patients, route and timing of delivery should be based 
upon results of fetal studies with attention to the maternal 
condition, especially renal and blood pressure status. The need 
for neonatologist attendance should be determined prior to 
labor by both maternal and fetal statuses. If necessary, 
transport should be arranged to a facility equipped for care 
of complicated premature infants. 


APS 

Definition of APS 

Antibodies to anionic (negatively charged) phospholipids or 
phospholipid-binding proteins (aPL antibodies) are associated 
with recurrent, usually mid-trimester, spontaneous abortions, 
autoimmune thrombocytopenia, arterial and deep venous 
thromboses, and livedo reticularis (141-145). The definition 
of recurrent miscarriage has varied in the literature, with 
implications as to prognosis of the untreated pregnancy. The 
standard obstetrical definition is three or more consecutive 
losses. However, the definition used for most rheumatologic 
patients has been two or more losses (sometimes even one). 
Incidence of pregnancy loss increases with greater number of 


preceding miscarriages, which has implications in evaluating 
efficacy of one or another therapeutic approach. 


aPL Antibodies and Laboratory Tests for Measuring aPL 
Antibodies 

The aPL antibodies are heterogeneous, polyclonal and may 
vary in titer over the course of follow-up. LACs are aPL 
antibodies that block phospholipid surfaces and reduce the 
coagulant potential of plasma, thereby prolonging the clotting 
time in coagulation tests based on the activated partial 
thromboplastin time (146). The presence of LAC is deter- 
mined functionally by (i) a failure to correct the prolonged 
clotting time after mixing with normal platelet-free plasma 
and (ii) the dilute Russell’s viper venom time (147). aCL Are 
IgG, IgM, or IgA antibodies that bind to the phospholipid 
cardiolipin. They do not prolong functional assessments of 
clotting (i.e., coagulation assays). Detection of aCL is done 
using an enzyme-linked immunosorbent assay (148). It is 
generally believed that aCL antibodies are significant only 
when present in the context of a thrombotic event and that 
anti-IgG antibodies carry greater pathogenetic significance 
than do those of the IgM isotype (149). The aCL antibodies are 
sensitive, being present in~80% of patients with APS, but not 
as specific as that of LAC and have been reported in numerous 
infectious diseases (150-153). False-positive tests for syphilis 
occur with increased frequency in individuals with LAC and 
aCL activities using a variety of tests (e.g., the rapid plasma 
reagin and Venereal Disease Research Laboratories tests). 
These tests are not reliable indicators of clinically important 
outcomes. In patients with false-positive syphilis tests 
secondary to aPL antibodies, the fluorescent treponema 
antibody test remains negative (154). 

Beta-2-glycoprotein I (beta2GPI) (155) is a naturally 
occurring anticoagulant and potential antigenic target for 
some aPL antibodies that are detected by solid-phase assay 
(156). It is thought that aPL-associated thrombosis occurs 
when anti-beta2GPI antibodies bind and promote dimeriza- 
tion of beta2GPI, which increases binding affinity for 
phospholipids and induces activation of complement, plate- 
lets, endothelial cells, and monocytes (157). The revised 
Sapporo criteria (158) for diagnosing APS (159) include the 
presence of LAC, or IgG or IgM aCL, or anti-beta2GPI 
antibodies (measured on two occasions 12 weeks apart) 
together with vascular thrombosis or pregnancy morbidity. 


Primary and Secondary APS 

aPL Antibodies without clinical symptoms may be found in 
otherwise healthy persons (144). Those with symptoms who 
do not have SLE or previously recognized clinical disorders are 
designated as having a “primary” APS (160). Persons with SLE 
or other rheumatic disorders (143-145,161,162) are desig- 
nated as having “secondary” APS. Close to 50% of patients 
who have APS also have SLE; however, less than 10% of SLE 
patients have an APS (163). In lupus, APS seems to correlate 
with increased fetal loss (115,139,140,164) and appears to be 
part of the disease, rather than a separate, associated condition 
(162). That said, there may be a negative correlation of aPL 
antibodies with active lupus (115), nephrotic syndrome, 
and certain cutaneous forms of lupus (162). Secondary and 
primary APS patients have similar overall clinical and 
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laboratory profiles (165), although lupus patients with APS 
have more hemolytic anemia, endocardial valve disease, 
neutropenia, and lower C4 levels (165). In pregnancy, lupus 
disease activity and associated APS, when present, behave 
independently. A patient with remitted lupus and secondary 
aPL syndrome behaves like one with primary APS. A patient 
with active lupus and APS develops complications of, and 
needs treatment for, both diseases. 


Do aPL Antibodies Predispose to Fetal Wastage? 

A literature review concluded that there was an association 
between the prevalence of aPL antibodies in women with SLE 
and history of fetal loss (60%), but remained inconclusive 
about the relationship between aPL antibodies and miscar- 
riages in women without SLE (4-13% losses) (144). Most 
studies, however, do find an association between high-level 
aPL antibodies and repeated, but not first, fetal loss 
(4,139,140,161,164,166). In one study, aCL titers remained 
high in aborting patients (167), which is not uncommon 
(142,164,168). aPL Antibodies have been detected in 5% to 
15% of otherwise healthy women with a history of 
unexplained recurrent abortions (144). 

Frequencies of aCL antibodies are low (<5%) in consecutive 
samples of healthy pregnant women without prior pregnancy 
losses, and there is no significant correlation with fetal or 
maternal complications (169). Moderate to high levels of aCL 
antibodies, of the IgG isotype, do correlate with fetal wastage, 
in referral, high-risk (142,164) and general obstetric (168,170) 
populations. 

Antibodies to beta2GPI-CL complex were significantly 
associated with fetal complications in a large cohort of 
apparently healthy pregnant women followed prospectively 
in Japan (171). It is not known whether women with positive 
titers have other primary risk factors for increased fetal wastage 
such as clinically inactive lupus (114—116,118,166). 


Fetal Complications Reported with aPL Antibodies 

APS is the most common association of recurrent miscarriage 
syndrome, a condition that affects more than 500,000 women 
in the United States annually (172,173). Recurrent fetal losses 
due to intrauterine death at any stage of pregnancy, but 
particularly in the second and third trimesters of gestation, and 
fetal growth restriction, are characteristic complications 
associated with aPL antibodies (168,170,174). Recurrent, late 
first-trimester fetal loss after detection of fetal heart activity has 
also been associated with aPL antibodies (175). No fetal 
pathology can explain the spontaneous abortions and 
stillbirths. Instead, the placentas invariably show scattered 
areas of infarction, intervillous thrombosis, and fibrin 
deposition (114—118,174). 

Few published data are available on the aPL antibody status 
of live-born infants of mothers positive for these antibodies. 
Most infants in whom antibody can be detected are well, 
except for the effects of prematurity and IUGR, although 
reports are anecdotal. 


Maternal Complications Reported with aPL Syndromes 

Maternal complications of pregnancies associated with APS 
can be life-threatening or fatal (172,173) and include severe 
pre-eclampsia (176), arterial or venous thromboses (177,178), 
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pulmonary hypertension (179), and the syndrome of hemo- 
lysis, elevated liver enzymes, and low platelets (HELLP) (163). 
Although aPL antibodies are not present in the majority of 
individuals with pre-eclampsia (180), a systematic review 
indicates that positivity for aPL antibodies is a highly 
significant risk factor for the development of pre-eclampsia 
(181). Over half of women presenting with obstetrical 
problems in the setting of APS have not had a previously 
recognized autoimmune disease (166) although a minority go 
on to develop SLE. The majority experience thrombotic 
vascular complications of APS (165). There may also be an 
increased risk of cardiopulmonary complications associated 
with delivery (159,160,166,167) and an increased risk of stroke 
in the postpartum period (176). 


Treatment of Pregnancy-Related Complications Associated 
with aPL Antibodies 

Patients with aPL antibodies should have consultations with 
maternal—fetal specialists, either on a preconception basis or 
immediately following verification of pregnancy. Patients with 
prior complicated aPL-related gestations should be managed 
by a maternal—fetal medicine team familiar with the illness and 
skilled in critical care. Infants of such gestations should be 
delivered in facilities experienced in the care of premature 
small infants (500—1500 g birth weight). Careful monitoring of 
fetal growth and uteroplacental function (5), beginning as 
early as the second trimester, may detect impending fetal 
compromise and necessitate early delivery (6). 


Anticoagulation plus Low-Dose Aspirin 
In an earlier uncontrolled study, fetal wastage was prevented 
with heparin therapy in most women with aCL and LAC 
antibodies who had recurrent losses or previous abnormal 
outcomes (182). However, successful pregnancy has been 
observed in SLE patients with untreated LAC (183). Full-dose 
heparin plus low-dose aspirin was found to provide sig- 
nificantly better pregnancy outcome than low-dose aspirin 
alone in women who had at least three consecutive pregnancy 
losses, without causing increased complications (184). By 
contrast, ongoing studies (185) indicate that treatment of aPL 
antibody-associated pregnancy loss with lower dose heparin 
and aspirin is equivalent to full-dose anticoagulation (184). As 
recently pointed out (186), the optimal dose of heparin to 
maximize benefit and minimize harm is currently unknown. 
Based on controlled clinical trials (184,185,187,188), aspirin 
(81 mg/day) plus heparin, either unfractionated heparin or 
low-molecular weight heparin, is the preferred treatment for 
repeated fetal losses associated with aPL antibodies (172). 
However, a Cochrane collaboration review on the therapy of 
miscarriage in women with aPL recommends aspirin (81 mg/ 
day) and unfractionated heparin (186). Therapy with aspirin 
and heparin should be begun immediately postconception and 
should be taken throughout the pregnancy (172). 


Prednisone Suppression of Maternal LAC 

Initial reports in the 1980s (166) suggested that high-dose 
prednisone therapy (e.g., 40-60 mg/day, orally) promotes fetal 
survival in pregnancies of women with recurrent abortions 
associated with LAC; however, more recent experience argues 
against glucocorticoid prophylaxis (4,139,189) in favor of 


RHEUMATOLOGIC DISEASES AND ANTIPHOSPHOLIPID SYNDROME 18.9 


anticoagulation therapy as noted above (184—188,190). Impor- 
tantly, lupus patients will likely need to be treated with sufficient 
prednisone for suppression of disease activity in pregnancy. 
However, there is no compelling evidence to indicate that higher 
doses of steroids intended for immunosuppression of aPL 
antibodies per se are beneficial. Furthermore, since pre-eclampsia 
may be associated with the presence of LAC (176,191), the 
indication of fluid retention and hypertension argues against the 
use of high-dose prednisone (189,192). Finally, the use of high- 
dose prednisone increases the risk of long-term complications, 
especially osteonecrosis and osteoporosis. 


Intravenous Gamma-globulin Therapy 

Anecdotal reports comprising a small number of patients have 
suggested improved pregnancy outcomes with experimental 
gamma-globulin therapy (193,194) in patients with recurrent 
miscarriages due to APS. However, The Pregnancy Loss Study 
Group reported that gamma-globulin therapy had no beneficial 
effect in such patients in a double-blinded randomized trial 
(195). Also it has been shown that immunoglobulin therapy is 
inferior to aspirin plus heparin in the treatment of recurrent 
fetal loss associated with aPL antibodies (196). 


Low-Dose Aspirin 

Although mini-dose aspirin (e.g., 60-100 mg daily) has been 
recommended for treatment in pregnant women with primary 
APS and history of recurrent abortions (190), recent studies 
suggest that aspirin therapy in the absence of anticoagulation is 
not sufficient to prevent fetal loss in high-risk pregnancies (184). 
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INTRODUCTION 

Hemoglobinopathies complicating pregnancy number in the 
hundreds, but fortunately most of them are very rare (1). 
These inherited disorders usually result from structural 
abnormalities such as additions, deletions, or substitutions 
in the amino acids that comprise the two pairs of 
polypeptide chains common to each hemoglobin molecule 
(Table 1). These amino acid linkages contain either 141 or 
147 amino acids, are responsible for the nomenclature, and 
comprise the common types of hemoglobin such as A, Ag, F, 
and so on (2). 

Sickle cell disease (SCD) refers to a group of autosomal 
recessive disorders involving abnormal hemoglobin (hemo- 
globin S). Hemoglobin S differs from the normal Hb A 
because of a single nucleotide substitution of thymine for 
adenine in the globin gene. This alteration causes a substitu- 
tion of valine for glutamic acid in the number six position of 
the globin polypeptide. Asymptomatic individuals with 
heterozygous Hb S genotypes (carriers) are said to have sickle 
cell trait. The most severe form of the disease, Hb S-S 
(homozygous Hb S), is called sickle cell anemia (3). 

Sickle cell crisis occurring at any time during gestation is a 
medical emergency (4). Vaso-occlusive sickle cell crisis is the 
most common maternal complication noted in gestations 
complicated by sickle hemoglobinopathies (5). Crisis is 
associated with increased maternal and perinatal morbidity 
and mortality (6). Severity as well as frequency of crises 
among pregnant women is extremely variable and may occur 
during the prenatal or intrapartum period as well as the 
puerperium (7). Improvements in management over the last 
two decades have resulted in improved outcome for such 
women and their progeny. Nevertheless, providers who care 
for these high-risk patients must be prepared to practice 
preventive medicine, recognize the early signs of crisis, and 
respond rapidly with a well-founded perinatal management 
plan. 


EPIDEMIOLOGY 

In the United States, sickle cell anemia affects about 70,000 
people (8). It mainly affects African-Americans. The disease 
occurs in about 1 out of every 500 African-American births. 
Sickle cell anemia also affects Hispanic Americans. The disease 
occurs in 1 out of every 36,000 Hispanic American births (8,9). 
Patients with Hb S-S, as well as with other variants, such as 
hemoglobin S-C (Hb S-C) and hemoglobin S-B thalassemia 
(Hb S-B Thal), are said to have SCD and this is most often 
responsible for adverse effects on the mother, the fetus, and 
the newborn (3). These are also the disorders most likely to be 
associated with sickle cell crisis. Other sickle hemoglobino- 
pathies such as Hb S-D, Hb A-S, and Hb S-E are unlikely to 
result in sickling episodes. 


SICKLE CELL TRAIT 

About 2 million Americans have sickle cell trait. The condition 
occurs in about 1 in 12 African-Americans (8). Sickle cell trait 
has been considered to be an essentially benign condition 
during pregnancy, with few exceptions (10,11). A common 
problem tends to be an increased rate of urinary tract 
infections, thought to be associated with an inability to 
concentrate urine and asymptomatic bacteriuria among 
patients with sickle cell trait. There is some literature that 
contradicts the benign nature of the carrier state revealing an 
increased risk of intrauterine fetal demise, spontaneous 
miscarriage, and intrauterine growth restriction (12,13). 
However, due to a lack of sufficient evidence, routine 
obstetrical management with monthly urinalysis is the only 
recommendation in this group of patients at this time. 


MORBIDITY AND MORTALITY 

Patients with Hb S-S or Hb S-C have no hemoglobin A, 
therefore the predominant hemoglobin is Hb S, 90% to 95%, 
with the remainder being Hb F. Patients with this disorder 
have been shown to have a shorter life span, more common 
infections, and when pregnant, a higher maternal as well as 
perinatal mortality/morbidity (1). The fertility rate does not 
appear to be decreased unless there are frequent crises and 
disseminated disease affecting many systems. Due to improve- 
ments in modern medicine, the maternal death rate has been 
reduced to less than 2%, and many women are now electing to 
proceed with pregnancies (14). 

Women with SCD are at an increased risk to experience 
both medical complications (such as infections, thromboem- 
bolic events, and stroke) and pregnancy-related complications 
(such as pre-eclampsia, eclampsia, preterm labor, placental 
abruption, and fetal growth restriction). The risk for 
experiencing these complications is significantly higher than 
that in other women (15,16). Decreased placental blood flow 
due to sickling in the tortuous, arcuate vessels of the 
myometrium has been associated with poor perinatal out- 
comes (2). More than one-third of pregnancies in women with 
SCD terminate in miscarriage, stillbirth, or neonatal death, 
according to the National Institutes of Health Cooperative 
Study of Sickle Cell Disease (17). The neonatal mortality rates 
are not increased in patients with SCD per se but may appear 
to increase due to preterm deliveries. 

These women are also more likely to experience pneumo- 
nia, pyelonephritis, postpartum infection, sepsis, and systemic 
inflammatory response syndrome compared with women 
without SCD. At the time of delivery, these women are also 
more likely to have asymptomatic bacteriuria and genitour- 
inary infections (15). Severe cardiopulmonary ailments may be 
observed in those women with long-standing disease. 
Cardiovascular sequelae are often a consequence of chronically 
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Table 1 Normal/Abnormal Hemoglobin 


Hemoglobin classification Globin defect 


Adult hemoglobin? None 
Adult hemoglobin? None 
Adult fetal hemoglobin? None 


Sickle hemoglobin” b-chain substitution 


C-hemoglobin? b-chain substitution 


Methemoglobin? a-chain substitution 


b-Thalassemia* None (decreased synthesis) 


Chain present 
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Common name Hematologic destination 


2a HbA oy vaby 

2b 

2a Hb A; ay iby 

2d 

2a Hb F aay ey 

2g 

2a Hb S abo" (6 glu ® val) 
2b 

2a Hb C aab (6 glu ® lys) 
2b 

2a Hb M Boston ay (58 his ® tyr)b,* 
2b 

2a Hb B Thal ay ‘bo Thal 

2b 


“Structurally normal. structural abnormalities include substitution, inversion, or deletions of amino acids in either chain. 


Figure 1 Blood film in patient with sickle cell crisis. 


high cardiac output due to anemia, although these women 
rarely die of heart disease, but almost all eventually have some 
degree of ventricular dysfunction from hypertrophy and 
diastolic dysfunction. These underlying changes make affected 
women less tolerant of the additional increase in cardiac 
output noted in pregnancy (18). Pulmonary hypertension is 
acknowledged increasingly as a complication of SCD. It has 
been described in up to 30% of this population and is 
associated with a high mortality rate (19). The statistically 
significant presence of pulmonary hypertension at delivery 
supports the previous observation and warrants the need for 
appropriate evaluation and management. 

Although neonates are asymptomatic at birth because of a 
higher concentration of hemoglobin F, the incidence of 
neonatal mortality increases after about 6 months with 20% 
of overall deaths from SCD occurring in the first 2 years, 10% 
between the ages of 2 and 5 years, and the remainder between 5 
and 30 years (20). During pregnancy, severe anemia is the rule 
among patients with SCD and rarely does the hematocrit rise 
above 25%. Infections are also common and usually involve the 
urinary tract, pulmonary system, and orthopedic system. 

Diminished oxygenation in the intravascular compartment 
in patients with SCD converts the normal oval red blood cells 


into the classic sickle-shaped erythrocytes noted in subjects 
undergoing crisis (Fig. 1). These sickle cells lodge in the 
microvasculature of many organs and result in a decreased life 
span of red blood cells as well as the maternal and perinatal 
complications mentioned above. Any event leading to 
deoxygenation can initiate a sickle cell crisis. For instance, 
infections from viruses or bacteria, acidosis, dehydration, 
trauma, blood loss, severe stress, strenuous physical activity, 
high altitude, and hypothermia have been incriminated. 

There are several different kinds of sickle cell crisis. The 
most common is the vaso-occlusive crisis, which is most 
frequently noted in pregnant women and adults. The less 
common hematologic type of crisis is more often seen, but 
not exclusively so, in children (Table 2). The clinical 
expressions of the vaso-occlusive crises are extremely variable 
in their presentation but usually follow a characteristic 
pattern in each patient. These recurrent and sudden attacks 
of pain most often involve the abdomen, extremities, central 
nervous system, and chest although no body area is immune 
from these attacks (21). Some patients exhibit generalized 
pain and malaise, while others have more localized 
syndromes involving a compromised microcirculation in 
various areas of the body. 
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Table 2 Sickle Cell Crisis Classification 


Vaso-occlusive 
Abdominal 

Chest 

Joints 

Central nervous system 
Hematologic 

Aplastic 

Hemolytic 
Megaloblastic 

Splenic sequestration 


On the other hand, hematologic crises are infrequent 
among pregnant women, but if they occur, aplastic crisis is the 
most common type. Fortunately, this type of crisis is usually 
self-limited and most often associated with infection. Hemo- 
lytic crises, in general, are most commonly related to 
concomitant spherocytosis or glucose-6-phosphate dehydro- 
genase deficiency. Megaloblastic crises are usually secondary to 
folate depletion and are remedial to supplementation. Finally, 
splenic sequestration crises are usually limited to childhood. 
As a group, hematologic crises are characterized by sudden 
anemia without icterus, pale conjunctiva, malaise, reticulocy- 
topenia, and cardiopulmonary failure. 


ETIOLOGY 
In a patient with SCD, the symptom constellation of the 
chronic, severe anemia and frequent pain leads one to suspect 
a vaso-occlusive crisis. Most commonly, this event in the 
pregnant adult is associated with apparent or occult infection 
(20-33%) (21). Pneumonia, urinary tract infection, and 
puerperal endomyometritis, as well as osteomyelitis, are the 
infectious sites commonly encountered with sickle cell crisis. 
Pneumococcal pneumonia or meningitis is particularly frequent 
in adolescent pregnant patients with SCD (22). Gram-negative 
bacteria, such as Escherichia coli or Salmonella, are the most 
common organisms noted in the third decade of life (4). These 
organisms are particularly likely to attack the renal and 
gastrointestinal (gallbladder) systems, respectively. During the 
second decade of life, Mycoplasma pneumoniae is also common. 
Factors other than infection have been associated with vaso- 
occlusive crisis in these patients. Acidosis from dehydration 
and hypotension has been noted to initiate such crises (1). 
Strenuous activity, as well as drug overdose and hypothermia, 
have likewise been associated with these events (2). Therefore, 
when confronted with a suspected vaso-occlusive crisis in a 
parturient with SCD, one should suspect infection first but 
rule out other factors during intensive assessment. 


PATHOPHYSIOLOGY 

The variable clinical symptoms with which these patients 
present is not fully explained. There is evidence to suggest that 
this variability may be related to the presence of linked and 
unlinked genes, which modify the disease expression (23). 
Another theory has been that of incomplete penetrance. 
As previously noted, the molecular basis for sickle cell crisis 
can be traced to the single amino acid substitution in the sickle 
hemoglobin molecule, which distinguishes it from hemoglo- 
bin A. During deoxygenation or under conditions of acidosis 


19.3 


as well as hypoxia, the molecules of Hb S aggregate in a process 
called nucleation. 

Hydrophobic bonding occurs between the abnormally 
substituted valine, owing to the change in electromagnetic 
charge. These hydrophobic bonds lead to the formation of 
polymerized hemoglobin strands, which become tactoids 
and microcables that eventually transform the cell into the 
half-moon or crescent shape (Fig. 1) (24). This overall process 
of gelation of the sickle hemoglobin is enhanced by increasing 
levels of sickle hemoglobin and/or 2,3-diphosphoglycerate 
levels. It is reduced by lowering the oxygenation or pH (25). 

Repetitive cycles of gelation during the red blood cell life cycle 
distort the cellular membrane, with resultant potassium and 
water reduction as well as calcium accumulation and membrane 
fragmentation (24). This leads to an increase in the intracellular 
hemoglobin concentration with a concomitant increase in 
membrane rigidity to form discocytes or irreversibly sickled 
(26). The irreversibly sickled cells retain the half-moon shape 
despite oxygenation. These irreversibly sickled cells constitute up 
to 50% of the red cell mass in such parturients. However, the 
index of reversible/irreversible sickle cells does not appear to 
correlate well with vaso-occlusive crisis or its severity, but does 
have a positive relationship to the degree of anemia. 

These abnormalities of the red cells themselves do not, alone, 
explain the pathophysiology of the sickle cell crisis. It is 
currently felt that there exists a combination of the erythrocyte 
abnormalities, plasma flow alterations, and vessel wall interac- 
tions that are associated with sequestration and destruction of 
abnormal red cells in the microcirculation (Fig. 2) (27). This 
would explain patient variability noted in the clinical expression 
ofa sickle crisis. Another factor involved in the pathophysiology 
of sickle cell crisis appears to be the large oscillation in blood flow 
in the microcirculation (28). With the use of laser-Doppler 
velocimetry, rather large changes in blood flow in factors of 7-10 
s with peak/trough magnitudes measured at 50% of mean flow 
were noted. These findings would suggest that during sickle cell 
crisis, there is periodic flow in the microcirculation with 
synchronized rhythmic oscillations versus the continuous 
even-flow pattern observed in patients with normal hemoglobin. 

Therefore, although the environmental factors may stimulate 
deoxygenation resulting in aggregation, polymerization, and 
subsequent formation of sickled red cells, flow dynamics and also 
microcirculation factors are important determinants of the crisis 
cycle (Fig. 2). These factors combine to increase whole blood 
viscosity and, thus, alter vasomotion in the microcapillaries. This 
would lead to sludging and destruction of red cells in the 
microcirculation. This promotes further deoxygenation, which 
leads to vascular injury via ischemic necrosis, which results in pain 
and the other symptoms expressed during vaso-occlusive crises. 

The marked susceptibility of parturients with sickle 
hemoglobinopathies to infection is related to functional 
hyposplenism, defective activation of complement fixation, 
decreased serum IgM, impaired serum opsonizing capacity, 
and defective granulocyte phagocytosis (29). There does not 
appear to be any difference in the percentage of helper or 
suppressor T cells or B cells in subjects in crisis (30). This 
finding is compatible with the observation that patients with 
sickle hemoglobinopathies did not show increased suscept- 
ibility to those infections that are normally associated with 
depressed cell-mediated immunity (31). 
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Figure 2 Vicious cycle of sickle cell crisis. Abbreviation: 2,3 DGP, 2,3-diphosphoglycerate. 
DIAGNOSIS 


The diagnosis of hemoglobinopathies, including sickle cell 
disorders, is made by hemoglobin electrophoresis. In the 
homozygous form, nearly all the hemoglobin is Hb S with 
small amounts of Hb A, and Hb F. Heterozygous sickle cell 
trait (Hb AS) is identified by a larger percentage of Hb A and 
an asymptomatic course. Solubility tests (Sickledex) alone are 
inadequate for the diagnosis of sickle cell disorders because 
they cannot distinguish between the heterozygous AS and 
homozygous SS genotypes. In addition, they fail to detect other 
pathologic variants such as Hb C trait, thalassemia trait, Hb E 
trait, Hb B trait, and Hb D trait (3). 

Although some tests for crisis are helpful, the diagnosis is 
largely a clinical experience and basically one of exclusion. 
Fortunately, most women with sickle hemoglobinopathies are 
known prior to pregnancy. For patients with SCD, the first 
step is to confirm the diagnosis with hemoglobin electrophor- 
esis. Once the diagnosis is documented, surgical/medical/ 
obstetric conditions associated with a similar symptom 
complex or even malingering must be ruled out (Table 3). 
Because a parturient may have any one of many medical, 
surgical, or obstetric complications, pain in a pregnant woman 
with SCD does not always result from vaso-occlusive crisis. 

Infection and crisis are usually associated with an increase in 
the segmented neutrophil counts as well as the presence of 
bands. A hemolytic crisis with anemia is presumed in the 
presence of an elevated lactate dehydrogenase, a reticulocyte 
count of 3% to 15%, an elevation in unconjugated bilirubin, 
and a low serum haptoglobin. 


MANAGEMENT 

General 

Pregnant patients with SCD need increased prenatal folic acid 
supplementation. The standard 1 mg of folate in prenatal 
vitamins is not adequate for patients with hemoglobinopa- 


Table 3 Differential Diagnosis of Sickle Cell Anemia 


Obstetric factors 
Threatened abortion 
Preterm labor 
Placental abruption 
Uterine rupture 
Ectopic pregnancy 
Degenerating leiomyomata 
Ovarian torsion 
Pregnancy-induced hypertension 
Medical factors 
Renal/ureteral colic 
Cystitis 
Pyelonephritis 

Other factors 
Pneumonia 
Pulmonary embolism 
Arthritis 

Surgical factors 
Cholecystitis 
Cholelithiasis 
Appendicitis 
Pancreatitis 

Peptic ulcer disease 
Perforated viscus 
Intestinal obstruction 
Volvulus 

Ischemic colitis 
Malingering 

Drug addiction 


thies; 4 mg/day of folic acid should be prescribed because of 
the continual turnover of red blood cells (3). Supplemental 
iron is not usually recommended due to the risk of iron 
overload that accompanies chronic hemolysis and transfu- 
sions. Its administration can be considered if serum iron and 
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ferritin are found to be diminished. Routine prenatal labs 
including evaluation for the hepatitis B antigen and HIV 
should be performed at the patient’s initial visit. Other labs to 
consider would be serum uric acid, creatinine, liver function 
tests, and a 24-hour urine collection for protein and creatinine 
to assess for the presence of preexisting vascular disease. If not 
already accomplished, the patient should be immunized with 
both the pneumococcal and meningococcal vaccines due to 
the likelihood of autosplenectomy during childhood and their 
susceptibility to encapsulated organisms. Neither vaccine is 
contraindicated in pregnancy. 

Intrauterine growth restriction, reduced birth weight, and 
lower placental weights are common with this disease and may 
be due to vascular changes within the uteroplacental unit as 
well as preterm delivery (32,33). It is likely that chronic 
vascular occlusion, even in the absence of clinically overt pain 
crisis or acute chest syndrome, contributes to placental injury 
and adversely affects fetal growth. Altered vascular flow rather 
than anemia may account for low birth weights in infants of 
women with Hb S-S, which does not appear to improve with 
transfusion support (14). Starting at 24 to 28 weeks, monthly 
ultrasonography is recommended to assess fetal growth, and 
patients should be instructed in daily fetal movement counts. 
Nonstress testing and biophysical profile testing should be 
considered weekly beginning at 32 to 34 weeks. Doppler 
ultrasound, performed at 28 to 30 weeks to assess umbilical 
artery flow and systolic/diastolic ratios as a predictor of 
intrauterine growth restriction, may be a useful adjunct. 

Despite advances during the past 20 years and the apprecia- 
tion of the molecular basis of sickle cell crisis, there is no 
specific therapy available. However, an understanding of the 
pathophysiology involved in vaso-occlusive crisis allows the 
provider to address those aspects of this event that can be 
treated. Such therapeutic regimens generally include (i) adding 
fluids to reduce intracellular hemoglobin concentration, (ii) 
correcting acidosis when present, (iii) treating infection, and 
(iv) increasing oxygen concentration. 


Antepartum 

During the prenatal period when the patient in crisis is not in labor 
and is remote from term, hospitalization in a quiet area where bed 
rest, analgesia, and hydration can be carried out is optimal. 
Because of the risk of fetal loss, health assessment via biophysical 
profile and/or fetal heart rate monitoring is carried out during 
crisis treatment if gestational age is sufficient to consider 
intervention for fetal distress. In addition, continuous fetal heart 
rate monitoring is helpful, because resolution of worrisome signs, 
such as late decelerations, has been demonstrated during the 
treatment of sickle cell crisis with blood infusion (34). 

Initial medical assessment should focus on detection of the 
following medical complications requiring specific therapy: 
infection, dehydration, acute chest syndrome (fever, tachyp- 
nea, chest pain, hypoxia, radiologic chest infiltrates), severe 
anemia, cholecystitis, splenic enlargement, abdominal crisis, 
and neurologic events (cerebral infarct, cerebral hemorrhage, 
transient ischemic attack, seizure). Vigorous rehydration is 
useful, particularly in crisis patients who are febrile (4). In the 
absence of cardiopulmonary disease, infusion of a liter of 
Ringer’s lactate or isotonic saline during the first 2-hour period 
with continuing replacement at 125mL/hr is undertaken. 
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Careful monitoring of intake and output is essential, but 
invasive hemodynamic monitoring and urinary catheterization 
are usually avoided, because of the risk of infection. The 
administration of alkali during the hydration process has not 
been found to be helpful (35). For analgesia, opiates are superior 
to nonsteroidal agents in the presence of severe pain. Opiates are 
not associated with teratogenicity, congenital malformations, or 
toxic effects other than transient suppression of movement and 
variability in fetal heart tones. Chronic exposure to opiates, such 
as that in women who require methadone or other medications 
to control severe chronic pain, can result in neonatal abstinence 
syndrome after birth. Acetaminophen is preferable if mild 
analgesia is required. As soon as the pain begins to regress, 
nonnarcotic agents are recommended. It is important to 
recognize that assessment of fetal well-being during a pain 
episode may be complicated by the use of opiates to treat sickle 
cell crisis pain, which transiently affect nonstress testing and 
biophysical profile scores (36). Caution must be used when 
interpreting the results of these tests during an acute pain episode, 
because they may not be predictive of increased perinatal 
morbidity and mortality in the absence of other findings (14). 

Although the utility of oxygen therapy is unproven, it is often 
employed during crisis. Oxygen is administered at 3—6 L/min 
by tight face mask or nasal cannula. Arterial blood gas 
assessment is usually recommended if hypoxemia is suspected. 
Because infection is present in up to one-third of patients with 
vaso-occlusive crisis and since it is frequently associated with 
maternal death occurring in sickle cell crisis, attempts to detect 
occult infection are undertaken immediately. If an infection is 
suspected, then broad-spectrum antibiotic therapy is begun 
after appropriate cultures are obtained. Prophylactic antibiotic 
use, however, is not generally recommended. 


BLOOD TRANSFUSION 
Controversy exists regarding the role of prophylactic blood 
transfusion in the management of SCD in pregnancy (37-41). 
In the only randomized controlled trial published to date, 
prophylactic transfusion was associated with a decreased risk 
for painful crisis and severe anemia, but no difference was 
observed for pregnancy outcome (38). By limiting transfusion 
to situations in which it is clinically indicated, patients are not 
subjected to the increased risk for blood-borne infections, iron 
overload, and alloimmunization. The rate of alloimmuniza- 
tion in sickle cell patients is estimated to be between 18% and 
36% (42). It is estimated that six to eight deaths per year in 
the United States occur as a result of delayed transfusion 
reactions (43). It appears from the available evidence that the 
reduction in morbidity and mortality of SCD in pregnancy 
may be attributable to improvements in general management 
of pregnancy rather than prophylactic transfusion per se (3). 
However, prophylactic transfusions may be indicated in 
patients who have particularly severe disease manifestations or 
for symptomatic patients who are unresponsive to conservative 
management (44). Major complications (e.g., worsening 
anemia; intrapartum complications such as hemorrhage, 
septicemia, and cesarean delivery; painful crisis; chest syn- 
drome) may require intervention with an exchange transfusion. 
There is no consensus regarding the exact hematocrit value 
below which transfusion should be considered. However, when 
a transfusion is clinically indicated in the patient with SCD, the 
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Table 4 Manual Partial Exchange Transfusion 


Measure hemoglobin A level and hematocrit 
Type and match six units packed red blood cells 
Start intravenous administration of 1L normal saline 
(200-400 mL in the first hour) then 150—250mL/hr 
Phlebotomize 500mL blood from opposite arm over 30 min 
Give two units leukocyte-poor washed red cells (under pressure 
and warmed) over 1—2 hours 
Repeat procedure after 4 hours 
If hematocrit 35% and hemoglobin A 50%, discharge home 
If hemoglobin A <50%, repeat procedure 


objective is to lower the percentage of Hb S to approximately 
40% while simultaneously raising the total hemoglobin 
concentration to about 10g/dL (3). 

Exchange transfusion, also known as erythrocytapheresis, 
allows the Hb S-containing cells and irreversibly sickled cells to 
be removed by extracorporeal, differential centrifugation. It 
affords the simultaneous return by venous access in the other 
arm of the patient’s own plasma, leukocytes, platelets, and 
clotting factors along with donor, leukocyte-poor washed Hb 
A-containing red cells. This type of transfusion occurs via a 
machine that allows for automated continuous erythrocyta- 
pheresis. In addition, this method maintains isovolemia at all 
times and allows the provider to accurately monitor the 
patient’s hematologic indices such as hemoglobin levels and 
hematocrit. It also has the advantage of administration on an 
outpatient basis. If such a device is not available, the manual 
“push-pull” mechanism can be considered (Table 4) (45). 

Generally, six units of donor packed red cells are exchanged 
by this process and there is rapid resolution of crisis 
symptomatology and ongoing sickling. In addition to being 
more isovolemic, automated continuous erythrocytapheresis 
requires less transfusion time than the manual method (46). 

Obviously, most of the complications associated with this 
approach are related to the risk of the blood products. Blood 
products given to these patients should be from cytomegalo- 
virus-seronegative donors or leukoreduced. Careful cross- 
matching to minimize minor blood incompatibilities and 
alloimmunization is critical in avoiding problems later for these 
patients who may need blood products at various points during 
their life. The use of blood from family members or friends 
matched for recipient and donor red cell antigens are clinically 
helpful in reducing the number of post-transfusion crises. Such 
episodes are known as delayed hemolytic transfusion reactions. 
The exact mechanism of hemolytic transfusion reaction is not 
well understood, and the pathophysiology seems to be far more 
complex because it involves the destruction of both patient and 
donor RBCs. A subcategory of this problem is known as a 
delayed transfusion reaction. It is classically characterized by a 
clinical triad of fever, hyperbilirubinemia, and anemia 
occurring 3-10 days after transfusion. Laboratory tests that 
aid diagnosis include increased reticulocyte count, free 
hemoglobin in the urine, fragmented RBCs on peripheral 
smear, decreased post-transfusion Hb A on electrophoresis, or 
discovery of previously undetected alloantibodies (47). 


Intrapartum 
The occurrence of a vaso-occlusive crisis during labor offers 
additional challenges to the provider. Obviously, with painful 
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uterine contractions, the diagnosis of a vaso-occlusive crisis may 
be more difficult. If delivery is expected within a short time, a 
simple transfusion of two units of leukocyte-reduced washed 
red cells can be considered. During labor, patients should 
remain in the lateral recumbent position and receive oxygen by 
tight-fitting face mask. Careful monitoring of maternal and fetal 
vital signs is essential. Usually, when crisis has been diagnosed 
during labor and late decelerations appear, infusion of blood 
products has been associated with resolution of suspected fetal 
hypoxemia. Maternal blood gas assessment, if necessary, is 
carried out, but invasive hemodynamic monitoring is avoided 
unless other concomitant disease processes such as pre- 
eclampsia, and so on, are present. Urinary catheters, as well as 
intrauterine catheters, are discouraged, because of their 
association with increased infection. 

No consensus exists concerning the anesthetic care of 
parturients with SCD (48-50). It appears that the use of general 
anesthesia can result in a significant increase in postpartum 
sickling complications (51). We feel that epidural analgesia/ 
anesthesia is ideal if the vaso-occlusive crisis is mild or can be 
aborted with blood infusion. If not, intermittent intravenous 
analgesia with pudendal block for vaginal delivery may be 
appropriate. Continuous epidural morphine has also been 
utilized with success in these patients. If cesarean delivery is 
indicated, the choice of regional or general anesthesia depends on 
the patient’s general condition and the preference of the 
anesthesiologist. Careful monitoring of the patient’s vital signs 
is important during anesthesia so that hypoxemia and acidosis 
are obviated. Avoidance of hypothermia and hypoxia during 
labor, as well as in the delivery room, is critical. Persons skilled at 
neonatal resuscitation should be present at delivery. Consultation 
with anesthesia and neonatology during labor is important. The 
use of oxytocic agents for induction/augmentation or an ecbolic 
agent during the third stage of labor is not contraindicated. 


Postpartum 

Crises in Hb S-S women after delivery usually do not develop 
unless hypovolemia, acidosis, or infection occurs. On the other 
hand, patients with Hb S-C are more likely to experience crises 
postpartum than during pregnancy. The same pitfalls of 
management applied during the antepartum period are also 
prudent after birth. Both urinary tract infection and 
endometritis are common and are frequently associated with 
crises. There is also a substantial increased risk of pulmonary 
edema and thromboembolic disease in these patients. Main- 
tenance of isovolemia and high Hb A levels (>20%) appear to 
be important points in management. 


SUMMARY 
Overall, pregnant women with SCD appear to be more likely to 
experience antepartum, intrapartum, and postpartum compli- 
cations when compared with unaffected women. Access to 
high-risk obstetric care, patient education, and close follow-up 
are important to minimize maternal morbidity and mortality. 
In the absence of consistent data supporting a reduction in 
adverse obstetric or fetal outcomes, the use of transfusion 
therapy is generally limited to patients who experience a 
significant increase in SCD activity with severe complications, 
including acute chest syndrome, acute severe anemia (Hb 
<5.0-6.0 g/dL), severe, or refractory pre-eclampsia, and those 
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who are in anticipation of surgery (14,52). A high index of 
suspicion and good diagnostic acumen is necessary to obtain 
optimal results in the pregnant patient with SCD. 
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2O Cardiac diseases in pregnancy 


Saravanan Kuppuswamy and Sudarshan Balla 


INTRODUCTION 

Major hemodynamic alterations in the cardiovascular system 
occur during normal pregnancy, labor, and delivery. With 
advances in surgical techniques and improved diagnostic and 
therapeutic alternatives, greater numbers of women with 
congenital and acquired heart disease are surviving to the 
childbearing years. Therefore, management of the pregnant 
patient, especially those with underlying cardiovascular 
disease, requires a thorough understanding of both the normal 
cardiovascular adjustments to pregnancy and the predicted 
response of the abnormal cardiovascular system to the 
hemodynamic stresses of pregnancy. 


NORMAL CARDIOPULMONARY ADJUSTMENTS 
DURING PREGNANCY 

Symptoms and Signs 

Table 1 summarizes the cardiovascular symptoms and signs 
in normal pregnancy and findings that need further 
investigations. 


Cardiovascular Hemodynamics in Pregnancy 


Table 2 Cardiovascular Changes in Pregnancy 
Modification 


Increases 


Parameter 


Oxygen consumption (VO,) 


Oxygen delivery (DO2) = 
Plasma volume 14 
Red blood cell volume 


Total body water 
Systemic vascular resistance 
Pulmonary vascular resistance 


Blood pressure 
Systolic 
Diastolic 

Heart rate 

Contractility (SV) i 

Cardiac output 

Uteroplacental circulation 


Table 1 Normal and Pathologic Findings in Pregnancy 


Normal findings seen in pregnancy 

Fatigue, dyspnea, and decreased exercise tolerance 

Peripheral edema 

Apical impulse will be laterally displaced 

First heart sound (S1) will have an increased amplitude and a 
wide splitting of the two components (mitral and tricuspid) 
due to early closure of the mitral valve 

The second heart sound (S2) is little affected 

Majority of patients (84%) will develop a third heart sound (S3) 

Continuous murmurs due to cervical venous hum and 
mammary soufflé 

Pathologic findings warranting evaluation (1) 

Paroxysmal nocturnal dyspnea 

Hemoptysis 

Diastolic murmurs 

Continuous murmurs 

Loud systolic murmurs (louder than grade 2 on the six-point 
scale) 

Pansystolic murmurs 

Murmurs associated with symptoms or an abnormal 
electrocardiogram 


Magnitude Peak 
+20% Term 
+40—60% 

700-1400 mL/min Term 
+45-50%* 32 weeks 
+25-32% 30-32 weeks 

+6-8 L Term 
—20% 16—24 weeks 
—34% 34 weeks 
—9%? 28 weeks 
(slightly more on diastolic) 
+20-30% Term‘ 
+11-32% Term 
+30—-50% Term‘ 
+>1000% Term 


Correlates positively with the number of fetuses. Position dependent; lower for systolic and diastolic in left lateral decubitus. “If measured in left lateral 
decubitus; otherwise peaks between 28and 32 weeks. Abbreviation: SV, stroke volume. Source: From Ref. 2. 


Alterations During Normal Labor and Delivery 

Numerous cardiovascular changes take place during labor and 
delivery, and these changes are affected by a wide range of 
variables including anesthesia, analgesia, pain sensation, and 
mode of delivery. 


During labor, transient increases in cardiac output occur 
with each uterine contraction, as well as increases in blood 
pressure, both systolic and diastolic. These changes are 
attenuated by anesthesia, with the minimum alterations 
occurring with spinal or epidural anesthesia, and with the 
greatest alterations seen during balanced general anesthesia. 
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Changes in blood volume during delivery are primarily a 
function of blood loss, with greater loss occurring after 
cesarean section rather than vaginal delivery. After delivery of 
the fetus, preload may increase dramatically due to the 
decompression of the vena cava and the return of uterine 
blood into the systemic circulation. 

The point at which cardiac changes regress to preconception 
levels is debatable; normal levels have been reported from 5 to 
over 12 weeks postpartum (3,4). 


PRECONCEPTIONAL CARE 

The woman with heart disease should be considered a high- 
risk patient even before she becomes pregnant (5). Thorough 
planning, beginning even before conception, is the key for a 
successful pregnancy. Ideally, the timing of pregnancy should 
be a decision that the woman should decide after a detailed 
discussion with her obstetrician and the cardiologist. The 
following are the key points to be discussed before conception: 


1. The natural history of the patient’s disease. 
Pregnancy may be postponed for the medical 
treatment of a condition, for example, remission 
in the case of lupus or acute phase of myocarditis or 
for the surgical repair of structural abnormalities, 
such as valvular disease or shunts (2). 

2. The expected outcomes of pregnancy in terms of 
maternal and perinatal morbidity and possible 
mortality of these conditions (6,7). Table 3 
summarizes the maternal risk in commonly 
encountered heart diseases in pregnancy and can 
serve as a guide for counseling. 

3. The frequency of office visits, multiple specialty 
consultations, medications, and peripartum man- 
agement should also be discussed. This discussion 
prepares the patient or the couple for economic and 
other social issues (10). 

4. The risk for transmitting the cardiac condition or 
syndrome to offspring (11-13). Accurate estimates 
of the risk for cardiovascular defects in the offspring 
of affected parents are difficult to obtain. Fre- 
quently, the risk is quoted as approximately 5%, 
which is six times higher than the risk in the general 
population (14). More recent studies have observed 
risks in the range of 13% to 16% (Table 4) 
(12,15,16). 


Preconceptional Risk Stratification 

Risk stratification is based on three main factors: (i) the cardiac 
lesion, (ii) the baseline functional compromise, and (iii) the 
possibility and probability of complications during gestation 
based on the published literature. The spectrum of risk ranges 
from small to prohibitive. Table 5 summarizes some of the 
conditions that are indications for strong consideration of 
termination of pregnancy, and patients with these conditions 
should be strongly advised against pregnancy. 

A thorough discussion and informed decision before 
conception minimize the need for a difficult decision like 
termination of pregnancy. After conception, the decision to 
terminate or continue the pregnancy is that of the woman. For 
some of these patients, there may be only one chance for a 
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successful pregnancy (19). The team should provide the 
patient with the best information possible and to continue to 
assist her regardless of her decision (20). 


PRENATAL CARE 

Management of the pregnant woman with heart disease should 
be coordinated by an obstetrician experienced in high-risk 
cases, with a multidisciplinary team of cardiology and 
aanesthesia (21). 

Most patients with cardiac disease are aware of their cardiac 
condition, but in some, cardiac disease is suspected and 
confirmed subsequently (22). Between 16% and 25% of the 
patients referred for the suspicion of cardiac disease have 
significant structural heart disease (23). The reasons for 
referrals are for the evaluation of murmurs (43%), arrhyth- 
mias (35%), and congenital (15.6%) and acquired heart 
disease (7%) (23,24). A previous successful obstetric outcome 
does not exclude a significant cardiac pathology, for example, 
rheumatic heart disease may not manifest until second or third 
pregnancy (25). In addition, patients with already diagnosed 
heart disease may have acquired new lesions that may 
complicate their usual symptomatology (Table 6) (26). 

A targeted ultrasound to evaluate for fetal congenital 
anomalies (the fetal heart and major vessels) should be 
scheduled between 16 and 20 weeks of gestation in women 
with defined clinical syndromes at risk for complications and 
in women with a history of congenital heart disease (16,27). 


Prenatal Risk Stratification 
Assessing the risk of maternal and fetal mortality and 
morbidity is a continuous process throughout the pregnancy. 
A clinically relevant tool to assess the risk would be to use 
Cardiac Disease in Pregnancy (CARPREG) risk index. 
A retrospective study examined the risks and predictors of 
pregnancy-related cardiac complications in women with 
heart disease (28). The findings were then validated by the 
CARPREG investigators in a prospective study (29). 

Four predictors of cardiac events were identified as follows: 


e Poor functional class [New York Heart Association 
(NYHA) class III or IV] or cyanosis 

e Previous cardiac event (e.g., heart failure (HF), 
transient ischemic attack, stroke) or arrhythmia 

e Left heart obstruction (mitral valve area of <2 cm’, 
aortic valve area of <1.5cm’, peak left ventricular 
outflow gradient >30 mmHg) 

e Left ventricular systolic dysfunction (ejection 
fraction <40%) 


The presence of none, one, or more than one risk factor was 
associated with 3%, 30%, and 66% rates of cardiac events 
(pulmonary edema, arrhythmia requiring treatment, stroke, 
cardiac arrest, or death) during gestation, respectively. In the 
presence of one or more risk factors, the score was 91% sensitive 
and 61% specific for the occurrence of cardiac events (28). 


GENERAL PRINCIPLES FOR MANAGEMENT OF 
CARDIAC DISEASE DURING PREGNANCY 

A multidisciplinary approach is key to a successful outcome. 
The frequency of assessment and the types of investigations 
needed depend on individual conditions. High-risk pregnancies 
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Table 3 Maternal Mortality Risk Groups of Cardiac Disease Associated with Pregnancy 


Risk group 


Low 


Moderate 


High 


Conditions 


Atrial septal defect 

Ventricular septal defect (uncomplicated) 
Patent ductus arteriosus (uncomplicated) 
Pulmonic/tricuspid disease 

Corrected tetralogy of Fallot 
Bioprosthetic valve 


Asymptomatic AS with low mean gradient (less than 25 mmHg and valve area greater than 1.5cm”) 


in presence of normal LV systolic function (EF greater than 0.50) 
NYHA functional class I or II AR with normal LV systolic function 
NYHA functional class I or II MR with normal LV systolic function 


MVP with no MR or with mild to moderate MR with normal LV systolic function 
Mild MS (MVA greater than 1.5cm’, gradient less than 5mmHg) without severe pulmonary 


hypertension 
Mild to moderate pulmonary valve stenosis 
Mitral stenosis with atrial fibrillation 
Artificial valve 
Coarctation of the aorta (uncomplicated) 
Uncorrected tetralogy of Fallot 
Previous myocardial infarction 
Mitral stenosis, NYHA II, II, and IV 
Severe aortic stenosis with or without symptoms 
AR with NYHA functional class III-IV symptoms 
MR with NYHA functional class II-IV symptoms 
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Mortality 
<1% 


5-15% 


Aortic and/or mitral valve disease with severe LV dysfunction (EF less than 0.40) 


Marfan syndrome with normal aorta 
Pulmonary hypertension 

Coarctation of the aorta 

Marfan syndrome with aortic involvement 


25-50% 


Abbreviations: NYHA, New York Heart Association; AR, aortic regurgitation; MR, mitral regurgitation; EF, ejection fraction; LV, left ventricular; AS, aortic 
stenosis; MS, mitral stenosis. Source: From Ref. 8,9 ACC guideline document does not have moderate risk category. 


should be managed in a tertiary care center, where immediate 
access to specialists is readily available. The following pages 
summarize the management of the different conditions. 


SPECIFIC CARDIOVASCULAR ABNORMALITIES OF 
LOW RISK TO THE PREGNANT PATIENT (FIG 1) 

Atrial Septal Defect 

Ostium secundum atrial septal defect (ASD) is the most 
common congenital cardiovascular defect seen in pregnancy. 
Most women are asymptomatic and pregnancy is usually well 
tolerated in the pregnant patient with an ASD. 

Numerous reports suggest that pregnancy is safe (30), 
although there are reports of the development of congestive 
HF and arrhythmias in these patients (31). If circumstances 
allow, ASDs should be closed before pregnancy. For a 
secundum defect, catheter device closure can be performed 
during pregnancy if necessary (with transesophageal or 
intracardiac echocardiographic guidance). In most instances, 
in pregnant women diagnosed with an ASD during pregnancy, 
closure can be deferred for 6 months after delivery (32). 

A small proportion of patients with an ASD may develop 
Eisenmenger syndrome and should be considered as high-risk 
pregnancy. The management of high-risk patients is discussed 
below. 


Ventricular Septal Defect 
Women who reach childbearing years with an uncorrected 
ventricular septal defect (VSD) generally have smaller defects 


that are well tolerated, since the clinical picture is largely 
determined by the size of the defect; larger defects often 
require repair in childhood. Physical exam is characterized by 
a harsh holosystolic murmur. 

Pregnancy is usually very well tolerated in women with a 
VSD (33). Morbidity and mortality is related to the presence of 
pulmonary hypertension, with a higher complication rate in 
those patients with Eisenmenger’s physiology (31). Manage- 
ment of Eisenmenger syndrome is discussed below. 


Patent Ductus Arteriosus 

With improved pediatric surgical techniques, most patients 
with a patent ductus arteriosus (PDA) are surgically corrected 
during infancy and childhood, so it is a rare finding in 
pregnancy. Many patients are asymptomatic unless there is 
associated pulmonary hypertension. The physical examination 
is characterized by a “machinery” or continuous murmur in 
the second intercostal space. As with other shunt lesions, 
echocardiography is useful in defining chamber dimensions 
and shunt detection. 

The patient with a PDA generally tolerates pregnancy well, 
whether surgically corrected (34) or uncorrected (30,31), but 
the presence of pulmonary hypertension increases the 
morbidity and mortality. 


Mitral Regurgitation 
The causes of mitral regurgitation (MR) are myriad, but in 
young women of childbearing age, the most common 
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Table 4 Maternal and Fetal Outcomes in Cardiac Lesions 


Number of Number of 
Maternal lesion pregnancies abortions 
Mitral stenosis 408 0 
339° 0 
Aortic stenosis 38> 9 
59 0 
Severe aortic stenosis 16 0 
Hypertrophic cardiomyopathy 67° 11 
54 11 
Ebstein anomaly 153 30 
Aortic coarctation (unrepaired) 32 18 
Aortic coarctation (repaired) 21 2 
Fallot (corrected) 62 14 
TGA (Mustard) l5 2 
TGA (Fontan) 33 18 
Marfan syndrome 74° 10 
105 23 
Transplanted heart 30 5 
Pulmonary hypertension 25 Up to 50 
(primary and secondary 
excluding Eisenmenger) 
27 
Eisenmenger syndrome 70 14 
53) 35 
Cyanotic lesions without 96 49 
Eisenmenger reaction 
Mechanical heart valve 240 78 
Biologic heart valve 60 9 
Acute myocardial infarction 68” 3 


*Only deliveries. Indicates “review of case reports.” ‘Mainly thromboembolic complications. 


Source: From Ref. 7. 


Table 5 Indications for Pregnancy Termination 


Pulmonary arterial hypertension of any cause 

Severe ventricular systolic dysfunction 

NYHA III-IV symptom class or LVEF <30% 

Previous peripartum cardiomyopathy with any residual 
impairment of left ventricular function 

Severe left heart obstruction defined as mitral stenosis: mitral 
valve area <1.0cm*Aortic stenosis: aortic valve area <1.0cm? 
or (nonpregnant) mean gradient >50mmHg 

Marfan syndrome with aorta dilated >40mm 


Abbreviations: LVEF, left ventricular ejection fraction; NYHA, New York 
Heart Association. Source: From Ref. 17,18. 


etiologies are rheumatic (almost always seen in association 
with mitral stenosis) and as a component of Barlow’s 
syndrome (click-murmur or mitral valve prolapse syndrome). 

The characteristic finding on examination is a holosystolic 
murmur at the apex, which radiates to the axilla. Echocardio- 
graphy provides a comprehensive assessment of the etiology 
and the severity of the MR. In general, pregnancy is very 
well tolerated. Mitral valve surgery, preferably repair for 
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Maternal Maternal ccardiovascular Live 
mortality (%) complications (%) births (%) 
eS: 16 - 
0.3 = = 
(0-0.5) 
11 - 68 
3.4 — 
(0-5.3) 
6.3 69 94 
15 27 98 
0 22 100 
0 eS 98 
0 50 93 
0 4.8 100 
0 8.1 100 
0 0 92 
0 6.1 100 
22 5.4 86 
1.0 8.6 98 
0 >40 100 
30 (14-50) 20-66 75-95 
56 (35-76) 86-91 
33 — 63 
S — 84 
(5.3-5.9) 
1.0 29 87 
2.9 1a 83 
(2.0-4.2) 
0 Sho) 94 
37 — 72 


Abbreviation: TGA, transposition of great arteries. 


symptomatic MR, may be indicated before conception (35). 
However, any associated left ventricular dysfunction is 
unlikely to improve after surgery (36) and will increase 
maternal risk during pregnancy (37). Severe MR may lead to 
HF during pregnancy or labor. The management of HF is 
discussed separately. 


Aortic Insufficiency 
Aortic insufficiency is seen infrequently in women of child- 
bearing age, and the usual etiology is rheumatic, bicuspid 
aortic valve, previous endocarditis, and Marfan syndrome. 
Physical findings include widened pulse pressure, and a 
diastolic murmur (blow) heard at the upper sternal border and 
the diagnosis is confirmed by echo. Aortic insufficiency 
without HF is generally well tolerated during pregnancy, and 
these patients remain essentially asymptomatic. Patients with 
NYHA class I-IV are at increased risk. 


Tricuspid and Pulmonary Valve Lesions 
Tricuspid regurgitation is an extremely common finding in 
normal pregnancy (38) and is rarely clinically important. The 
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Table 6 Initial Evaluation for Known or Suspected Cardiac 
Disease During Pregnancy 


History 
Previous surgeries 
Previous pregnancies (symptoms, admissions, outcomes) 
Previous admissions (centers, physicians’ names, medical 
records, evaluations) 
History of rheumatic fever or of monthly prophylactic 
antibiotic injections 
Drug and alcohol abuse 
Functional class assessment 
Physical examination 
General appearance including specific facies and cyanosis 
Funduscopic examination 
Heart examination: rhythm, rate, precordial thrill, S1 and S2 
characteristics, presence of S3 or S4, presence of murmurs 
and characteristics 
Evaluation of pulses in all extremities 
Presence and grading of edema 
Cardiac diagnostics 
12-lead electrocardiogram 
Holter evaluation 
Chest radiograph 
Echocardiogram 


Source: From Ref. 2. 
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exception is tricuspid regurgitation seen in association with 
Ebstein’s anomaly, which increases the morbidity of preg- 
nancy. Tricuspid stenosis and pulmonary insufficiency are 
uncommon findings in pregnancy, and there are few published 
data on the outcome of pregnancy in these patients. 
Pulmonary stenosis (PS) represents a common congenital 
cardiac defect and is seen both alone and as part of the 
syndrome of tetralogy of Fallot. Isolated PS is usually detected 
in childhood; both surgical and nonsurgical (with balloon 
valvuloplasty) repairs are often curative. Patients with all but 
the severest forms of PS often tolerate pregnancy well 
(31,39,40). The incidence of inherited cardiac defects in the 
offspring of these patients appears to be high (41). Balloon 
valvuloplasty is recommended before conception if the 
gradient across the right ventricular outflow track is 
>50 mmHg at rest (42) or if the patient is symptomatic. 
The procedure is rarely indicated during pregnancy in patients 
who are either asymptomatic or mildly symptomatic before 
pregnancy. Vaginal delivery is tolerated well and can be 
permitted in the great majority of patients with PS. 


Mitral Valve Prolapse 


Mitral valve prolapse (MVP) is a common cardiac condition, 
seen in up to 2.4 % of the general population (43). 
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Figure 1 Anatomic locations of left-to-right shunts. 
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Although the majority of patients with mitral valve prolapse 
are asymptomatic, some patients may experience palpitations, 
fatigue, and chest pain. On physical examination, mid-systolic 
ejection click and a murmur of MR may be heard. Manage- 
ment of MVP is similar to patients with MR. Infective 
endocarditis prophylaxis is no longer recommended (44) (see 
section on antibiotic prophylaxis below). 


SPECIFIC CARDIOVASCULAR ABNORMALITIES OF 
MODERATE RISK TO THE PREGNANT PATIENT (FIG. 2) 
Mitral Stenosis 

A common etiology for mitral stenosis in a woman of 
childbearing years is rheumatic heart disease, and mitral 
stenosis represents the most common rheumatic valvular 
lesion. Physiologic changes in pregnancy and atrial fibrillation 
can result in pulmonary edema. 

These patients may have symptoms of fatigue and dyspnea. 
Physical examination may reveal evidence of pulmonary 
congestion and a diastolic murmur at the apex associated 
with an opening snap. Echo can assess the severity, suggest 
etiology, and guide in the management of mitral stenosis. 

It is not uncommon for women with occult mitral stenosis 
to become symptomatic during pregnancy, usually by mid- 
pregnancy, when the pregnancy-induced hemodynamic 
changes are at the maximum. The risk of pulmonary edema 
exists from this period until several days after delivery. 

Predictors of adverse maternal outcomes in these patients 
include a reduced mitral valve area (less than 1.5cm7”) and the 
NYHA functional class before pregnancy (45). Mortality 
among pregnant women with minimal symptoms is less than 
1% (15). Severe mitral stenosis with NYHA class I-IV 
symptoms has a 4% to 5% maternal mortality and 30% fetal 
mortality (46). The mortality is even higher if atrial 
fibrillation is present (47). Improved diagnostic techniques, 
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better prenatal management, and effective cardiac drugs have 
improved the outcome of these patients. Development of 
atrial fibrillation requires prompt treatment, including 
cardioversion. Beta blockers and digoxin can be safely used 
for rate control. Antiarrhythmic drugs preferred are beta 
blockers (sotalol, atenolol) or flecainide. Procainamide is 
another safe alternative, while mexiletine and amiodarone 
have also been used with success in small numbers of patients 
in the acute setting with success (48). Anticoagulant therapy 
is indicated in patients with mitral stenosis and atrial 
fibrillation is indicated to decrease the risk of systemic 
embolism (49,50). Anticoagulation in pregnancy is discussed 
separately. In patients who present with severe symptoms 
during pregnancy, successful percutaneous balloon mitral 
valvuloplasty, performed during the second trimester, has 
been associated with normal subsequent deliveries and 
excellent fetal outcomes (51). The maternal and perinatal 
benefits of the procedure probably outweigh the small risk of 
fetal exposure to the radiation. Open cardiac surgery has been 
performed during pregnancy for severe mitral stenosis. 
Maternal outcomes are approximately the same as those 
among nonpregnant, but there is fetal loss in 10% to 30% of 
cases (52). See also Figure 3. 


Aortic Stenosis 

Aortic stenosis is not a commonly seen valvular abnormality in 
pregnancy, because it is usually prevalent in an older 
population. However, patients with aortic stenosis who have 
a bicuspid aortic valve may become symptomatic in their 
twenties and thirties. Patients may present with symptoms of 
angina, syncope, and HF. The physical examination reveals a 
crescendo-decrescendo systolic murmur at the upper sternal 
border, and in severe cases, a single or absent second heart 
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Figure 2 Normal and diseased aortic and mitral valve states. 
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sound may be present. EKG may show left ventricular 
hypertrophy. Echo assesses the severity of stenosis and left 
ventricular (LV) systolic function. 

Pregnancy can usually be successfully carried to term in all 
but the most severe cases of aortic stenosis; reported maternal 
mortality in severe aortic stenosis is 17% (53). A more recent 
review of 12 studies demonstrated an average maternal 
mortality of 6.6% and an average perinatal mortality of 4% 
(54). The fetal risks of congenital heart diseases range from 
17% to 26% (12,55). Complications arise when the already low 
forward output is compromised further by reduced preload 
from either hypovolemia or peripheral vasodilatation. 

Patients who are symptomatic or who have a peak outflow 
gradient of more than 50mmHg are advised to delay 
conception until after surgical correction (56). Termination 
of pregnancy should be strongly considered if the patient is 
symptomatic before the end of the first trimester. Aortic valve 
replacement and palliative aortic balloon valvuloplasty have 
been performed during pregnancy with some associated 
maternal and fetal risk (52,57—59). 


Coarctation of the Aorta, Uncomplicated 

Coarctation of the aorta is a stenosis of the aorta, usually 
located just distal to the left subclavian artery at the 
ligamentum arteriosum (fetal ductus arteriosus). The lesion 
may be associated PDA, congenital bicuspid aortic valve, and 
aneurysms of the circle of Willis. 

The hallmark of coarctation is an asymmetry of upper and 
lower limb blood pressures with a markedly decreased pressure 
in the lower extremities. Patients who have had coarctation of 
the aorta corrected prior to pregnancy and no other associated 
anomalies usually tolerate the pregnancy well. These patients, 
however, are still at a higher risk for cardiovascular compromise 
compared with nonpregnant patients. 

Complications associated with uncorrected coarctation of 
the aorta include hypertension, HF, and aortic dissection. The 
mainstay of therapy is control of hypertension and avoidance 
of hypovolemia during the peripartum period. In cases of 
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Figure 3 Relation between severity of multiple sclerosis (MS) and frequency 
of adverse maternal cardiac, fetal, or neonatal events. Any event refers to 
cardiac, fetal, or neonatal events. White bars indicate pregnancies in women 
who have mild MS; gray bars indicate pregnancies in women who have 
moderate MS, and black bars indicate pregnancies in women who have severe 
MS. Source: From Ref. 138. 
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aortic dissection or severe HF unresponsive to medical 
therapy, surgical repair has been successfully attempted during 
pregnancy (60,61). Fetal morbidity and mortality are high 
because of decreased placental blood flow from hypertension 
or reduced cardiac output and increased incidence of fetal 
cardiac anomalies (34). 


Marfan Syndrome, Normal Aortic Root 
Marfan syndrome is an autosomal dominant condition with 
defective collagen synthesis affecting the ocular, skeletal, and 
cardiovascular abnormalities with variable severity. The cardio- 
vascular manifestations include mitral valve prolapse with MR 
and aneurysmal dilatation of the proximal aorta; the latter may be 
occasionally associated with aortic regurgitation and dissection. 
Pregnancy seems to increase the risk of aortic rupture in 
patients with Marfan syndrome. The maternal morbidity and 
mortality depends on whether there are aortic root dilatation 
or valvular abnormalities (62,63). Maternal mortality from 
aortic rupture or dissection may be up to 50% when the aortic 
root diameter is greater than 40mm (63). On the other hand, 
pregnancy in patients who have aortic root diameter less than 
40mm and no valvular involvements can be successfully 
carried to term with minimal maternal mortality or morbidity. 
Patients should be advised of the risk and should be closely 
followed for signs and symptoms of aortic dissection. Serial 
echocardiograms during pregnancy are recommended to 
assess the size of the aortic root and the presence of valvular 
regurgitation. In selected patients, beta beta blockers may 
lower the risk of progressive aortic dilatation (64,65). 


Prior History of Myocardial Infarction 

Coronary artery disease is rare in women of childbearing years, 
and there are only a few reports of pregnancies in women who 
have sustained myocardial infarctions prior to pregnancy. The 
pregnancy outcome of these patients is related to left 
ventricular function. Myocardial infarction during pregnancy 
poses a much higher risk (see section below). 


SPECIFIC CARDIOVASCULAR ABNORMALITIES OF 
HIGH RISK TO THE PREGNANT PATIENT 
Considering the high morbidity and mortality of pregnancy in 
patients with lesions in this category, counseling should be 
directed toward the avoidance of pregnancy. If pregnancy 
occurs, elective termination during the first trimester may be 
offered. If the pregnancy has to be continued, it is imperative 
that the patient is followed up closely in a tertiary care center 
with a multidisciplinary team including obstetrician, cardiol- 
ogist, anesthesiologist, and neonatologist with experience in 
high-risk pregnancies (66—68). Frequent visits are recom- 
mended, and hospitalization during the third trimester may 
facilitate management. Detailed plans including timing and 
mode of delivery should be discussed with the patient in 
advance (66). Maternal safety needs to be weighed against the 
risk of premature delivery, intrauterine growth retardation, 
and the need for neonatal care, when decisions about timing 
and type of delivery are made. 

These conditions are associated with a very high maternal 
mortality (23-50%), which may occur during the pregnancy 
or the postpartum period (33,69). The patient should be 
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informed about the risk and offered the option of termination 
of pregnancy. 

If the patient continues the pregnancy, careful monitoring 
of arterial oxygen saturation, cardiac rhythm, and blood 
pressure is recommended in the peripartum period. The 
management also includes oxygen supplementation to prevent 
fetal hypoxemia, invasive hemodynamic monitoring in select 
cases, and shortening of the second stage of labor with low or 
outlet forceps delivery. Hospitalization is necessary. Since the 
incidence of intrauterine growth retardation and fetal death is 
high (69), close fetal monitoring with serial ultrasound 
examinations and nonstress tests and/or biophysical profiles 
is recommended. 


Eisenmenger’s Syndrome 

In patients with left-to-right shunts (e.g., PDA, VSD, ASD), 
worsening pulmonary hypertension, approaching systemic 
levels, results in a reversal of shunting (Eisenmenger 
physiology) and causes hypoxemia and death. These patients 
may present with peripheral cyanosis, HF, and hemoptysis. 

General principles of management are discussed above. 
Other measures include maintaining maternal PaO, above 
70% to ensure adequate fetal oxygenation (70). There is no 
standard thromboprophylaxis for pregnant women with 
Eisenmenger (71). However, anticoagulation is needed if 
patient has documented pulmonary artery thrombosis. 

The peripartum period is a precarious time, owing to a rapid 
shift in blood volume and chance of hemorrhage. Measures 
should be taken to avoid a reduction in preload such as 
hypotension or hemorrhage, since severe hypoxemia and 
death may ensue from decreased cardiac output. The patients 
should be closely monitored in the hospital setting for at least 
several days after delivery, since the significantly increased risk 
of maternal mortality still persists during this period. 


Idiopathic Pulmonary Artery Hypertension 

Idiopathic pulmonary artery hypertension (IPAH) is a disease 
of unknown etiology, primarily seen in young women and 
results in a progressive increase in pulmonary artery pressures. 
Presenting symptoms include dyspnea, fatigue, palpitations, 
and occasional syncope. 

Right ventricular failure (elevation of jugular venous 
pressure, hepatomegaly, and peripheral edema) may be present. 

Echocardiography remains the key diagnostic test in 
pulmonary hypertension, and a right heart catheterization 
may be needed to confirm the diagnosis of pulmonary arterial 
hypertension and, if needed, for the assessment of response to 
therapy. Right heart catheterization can be done without 
exposure to any radiation. 

Pregnancy is poorly tolerated in patients with IPAH, with 
maternal mortality in excess of 40% (72). This excess mortality 
appears to be present even in patients who were asymptomatic 
or only mildly symptomatic prior to becoming pregnant. In 
addition, there appears to be a high incidence of fetal and 
neonatal death associated with maternal IPAH. Patients with 
IPAH often come to clinical attention during the second 
trimester, when the hemodynamic changes of pregnancy are 
maximum and the presenting symptoms are often those of 
right ventricular failure. 
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General principles of management are discussed above. Over 
the past decade, advanced therapies (prostacyclin analogs, 
phosphodiesterase inhibitors, and endothelin-receptor anta- 
gonists) have revolutionized PAH management considered 
before patients decompensate or thrombotic complications 
ensue. The effect of advanced therapies in pregnancy with PAH 
is unknown. 

Bosentan may have teratogenic effects (73) and is, thus, 
contraindicated during pregnancy; limited data on sildenafil 
suggest no deleterious effects on the mother or offspring (74). 
Calcium channel blockers are safe during pregnancy (75) and 
may prevent preterm labor (76), a common complication in 
patients with PAH. However, calcium channel blockers may be 
beneficial only in responders to vasoreactivity tests, and only 
6.8% are reported to have a long-term benefit (77). 

Inhaled nitric oxide (NO) has been shown to decrease the 
pulmonary vascular resistance in IPAH, in Eisenmenger 
syndrome, and in chronic pulmonary thromboembolic 
disease. The effect of NO during pregnancy or labor on 
outcomes remains uncertain (78). 

Low-dose subcutaneous heparin prophylaxis is generally 
recommended in pregnant women with PAH, but some 
patients may require higher levels of anticoagulation 
(e.g., patients with a history of thromboembolic events or 
atrial fibrillation) (68). 

The optimal mode of delivery (vaginal vs. caesarean section) 
in patients with PAH remains a matter of debate (29). Invasive 
pulmonary arterial pressure monitoring remains controversial 
and the lack of evidence that it improves outcomes in these 
patients (79). 


Complex Cyanotic Congenital Heart Disease 

Many children with complex cyanotic congenital heart disease 
die during infancy and childhood, and do not reach child- 
bearing age, but with greatly improved surgical techniques, a 
larger number of these patients are surviving into adulthood. 
Specific congenital lesions of interest include (i) tetralogy of 
Fallot (PS, VSD, overriding aorta, and right ventricular 
hypertrophy); (ii) Ebstein’s anomaly (displacement of the 
tricuspid valve into the right ventricular cavity, resulting in a 
small right ventricle and poor forward output, often associated 
with right-to-left shunting through an ASD; (ili) truncus 
arteriosus (single outflow tract and outflow valve distal to both 
ventricles, often associated with a VSD); (iv) transposition of 
the great vessels (separate pulmonary and systemic circulations 
operating in parallel with communication via a VSD; and 
(v) tricuspid atresia (absent tricuspid orifice, small non- 
functional right ventricle, and a connection between the 
pulmonary and systemic circulations). These lesions represent 
many of the important cyanotic congenital heart lesions, and 
individual lesions may be variable in severity. 

In general, patients with uncorrected cyanotic congenital 
heart defects do not survive long enough to become pregnant; 
those who do survive should be counseled against pregnancy. 
Despite the high morbidity and mortality of pregnancy in these 
patients, there are case reports of successful completion of 
pregnancy in patients with these congenital lesions (72). If the 
cardiac abnormality has been surgically corrected, maternal 
morbidity and mortality during pregnancy appears to be 
related to residual cardiac defects, with a marked improvement 
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in prognosis for those who have undergone successful 
complete correction. Infective endocarditis prophylaxis is 
discussed below. 


Marfan Syndrome Associated with an Abnormal Aortic 
Root 

Marfan syndrome, discussed earlier in this chapter, markedly 
increases maternal and fetal mortality if there is evidence of a 
dilated aortic root, valvular regurgitation, or dissection. 
Transesophageal echocardiography is superior to transthoracic 
echocardiography in diagnosing aortic root dilatation and 
aortic dissection. Preventive replacement of the ascending 
aorta with a graft has been recommended in patients with the 
aortic root diameter of at least 60mm prior to pregnancy (80). 
Patients who contemplate pregnancy may consider preventive 
replacement of the ascending aorta when the aortic root 
dilatation is progressive and approaching 55mm in dia- 
meter (64). If pregnancy occurs in patients with significant 
aortic root dilatation, therapeutic termination during the first 
trimester may be offered. If the patient chooses to continue the 
pregnancy, careful assessment of the patient throughout 
pregnancy should include evaluation for aortic dissection and 
use of beta blockers during pregnancy to reduce the incidence 
of dissection. The patient should be encouraged to avoid 
strenuous physical activity. Urgent delivery and vascular repair 
should be undertaken if clinical evidence of dissection occurs, 
regardless of the viability of the fetus. 


Myocardial Infarction During Pregnancy 

The epidemiology of coronary artery disease is such 
that myocardial infarction is extremely rare in women of 
childbearing years, estimated to occur in 1 in 10,000 
pregnancies (81). Risk factors for coronary heart disease in 
pregnant women are the same as those for the general 
population and include cigarette smoking, hyperlipidemia, 
diabetes mellitus, and hypertension. The causes of occlusion or 
stenosis of the coronary arteries include thrombus and 
atherosclerosis; uncommon etiology includes dissection and 
vasospasm (82-86). 

In ST elevation myocardial infarction (STEMI) in the general 
population, primary PCI (percutaneous coronary intervention) 
is the recommended therapy, if the infarct-related artery 
can be opened within 90 minutes of presentation (commonly 
referred to as door to balloon time). Treatment with 
thrombolytics is relatively contraindicated in pregnancy (87). 

In selected group of pregnant patients with myocardial 
infarction, including patient with STEMI and high-risk non-ST 
elevation myocardial infarction (NSTEMI), PCI may be the 
therapy of choice during pregnancy. However, before comple- 
tion of major organogenesis (before 15 weeks after menses), 
radiation exposure must, whenever possible, be avoided. 

Cardiac catheterization offers the advantage of diagnosing 
and treating, in addition to thromboembolic disease, other 
causes such as coronary artery dissection. 

All reported stenting during the acute phase of MI during 
pregnancy were performed with bare metal stents. The safety 
of drug-eluting stents in pregnant woman is therefore still 
unknown. Because drug-eluting stents require prolonged 
antiplatelet therapy with aspirin and thienopyridine, and the 
incidence of cesarean section deliveries in patients with heart 
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disease is relatively high, the use of drug-eluting stent during 
pregnancy should be avoided if possible. Although animal 
experiments do not demonstrate teratogenic effect, there are 
no studies in pregnant women and should be used in 
pregnancy only if clearly needed. 

Successful vaginal deliveries without further myocardial 
injury have been reported (82,84-86). Therefore, myocardial 
infarction is not a contraindication for a vaginal delivery. 


HEART FAILURE (HF) SYNDROMES 

Peripartum Cardiomyopathy 

This entity involves the development of HF during the last 
month of pregnancy or in the first five postpartum months, 
without obvious etiology. In the United States, the incidences 
vary from 1 in 4000 deliveries to 1 in 1500 deliveries, peak 
during the second postpartum month and increase among 
older, multiparous black females. The overall maternal 
mortality ranges from 25% to 50% (88,89). 

Although the etiology of peripartum cardiomyopathy is not 
known, various factors have been suggested to play a role in its 
development, including hypertension (90), viral illness (91), 
an immunologic reaction (92), and vitamin deficiency (93). 

Presenting clinical symptoms include those of left-sided HF 
(orthopnea, dyspnea, weakness) as well as peripheral edema, 
palpitations, and occasionally hemoptysis. On physical 
examination, these patients may have pulmonary rales, 
cardiomegaly, a gallop rhythm, distended neck veins, and 
peripheral edema. Cardiomegaly and pulmonary venous 
congestion are typical chest X-ray findings. 

The diagnosis of PPCM has been based upon four clinical 
criteria (94—96): 


e Development of cardiac failure in the last month of 
pregnancy or within 5 months of delivery. 

e Absence of an identifiable cause for the cardiac 
failures (see “Causes of dilated cardiomyopathy”). 

e Absence of recognizable heart disease prior to the 
last month of pregnancy. 

e LV systolic dysfunction (e.g., LVEF<45% or a 
reduced shortening fraction). 


Echocardiography is helpful in ruling out a valvular or 
pericardial etiology for the clinical presentation, assessing 
cardiac chamber size and overall left ventricular function. 

Treatment is directed toward managing HF, which is 
discussed below. These patients are at risk for thromboembolic 
disease, so prophylactic anticoagulation with heparin should 
be considered. If HF is refractory to medical management, 
early delivery should be considered. 

The prognosis appears to be related to the course following 
pregnancy. Patients who have persistent cardiomegaly have a 
poor prognosis (97), whereas a return to normal heart size 
within 6-12 months postpartum predicts a more favorable 
outcome (94). Women with persistent LV dysfunction should 
be advised to avoid pregnancy due to the risk of HF 
progression and death (98). Successful subsequent pregnancies 
have been reported in patients who have a return to normal 
heart size (99,100). For patients who have a refractory 
downhill course following the diagnosis of peripartum 
cardiomyopathy, cardiac transplantation should be considered. 
Case reports of successful completion of pregnancy following 
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cardiac transplantation have been published (101-105). 
Patients in whom left ventricular dysfunction develops as a 
result of peripartum cardiomyopathy require echocardio- 
graphic follow-up of ventricular function. Improvement in 
systolic function beyond that assessed at 6 months after delivery 
is uncommon. 


Heart Failure 

The etiology of the HF could be ischemic or non-ischemic. 
Ischemia is an uncommon etiology in this population. Non- 
ischemic causes include peripartum cardiomyopathy, viral illness, 
and valvular heart disease among the many. Presenting symptoms 
include fatigue, dyspnea, orthopnea, and pedal edema. Prognosis 
depends on the etiology for congestive HF (Table 7). 

In patients with stable HF, initial evaluation includes careful 
history and physical examination, assessment of NYHA 
functional class, and echocardiogram. In addition, medication 
adjustments and serial echocardiography during each trime- 
ster is recommended. The goals of therapy include relief of 
symptoms and continuation of the chronic therapy if possible, 
and treat precipitating causes such as anemia, arrhythmia, and 
thyroid disorders. 

Angiotensin-converting enzyme inhibitors (ACEI), and 
angiotensin receptor blockers (ARB), and aldosterone 
antagonists like spironolactone are contraindicated through- 
out pregnancy. Due to the risks of embryopathy associated 
with ACE inhibitor use in the first trimester, ACEI should be 
discontinued when the woman with chronic stable HF is 
attempting conception. Beta blockers are generally safe and 
effective during pregnancy, although some adverse effects have 
been reported (106). 

In patients with moderate symptoms of HF, in addition to 
sodium restriction, diuretics such as furosemide and afterload- 
reducing agents like hydralazine should be considered. 
Digitalis is safe during pregnancy and may be used to 
maximize contractility and control heart rate, but improved 
survival rates have not been shown. 

In decompensated HF, positive inotropes like dobutamine 
and dopamine and, in select patients, intravenous nitroglycer- 
in may be needed. 


Table 7 New York Heart Association Classification of Heart 
Failure 


NYHA 
class Symptoms 
I No limitation of physical activity. Ordinary physical 


activity does not cause undue fatigue, palpitation, or 
dyspnea (shortness of breath) 

II Slight limitation of physical activity. Comfortable at rest, 
but ordinary physical activity results in fatigue, 
palpitation, or dyspnea 

HI Marked limitation of physical activity. Comfortable at 
rest, but less than ordinary activity causes fatigue, 
palpitation, or dyspnea 

IV Unable to carry out any physical activity without 
discomfort. Symptoms of cardiac insufficiency at rest. 
If any physical activity is undertaken, discomfort is 
increased 
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Hypertrophic Cardiomyopathy 

Hypertrophic cardiomyopathy has an autosomal dominant 
inheritance pattern with a widely variable penetrance, but 
sporadic cases occur as well. 

The clinical presentation is characterized by dyspnea, chest 
pain, angina, dizziness, and syncope, although many patients 
may remain asymptomatic. Occasionally, sudden death is the 
presenting symptom. In patients with outflow obstruction, a loud 
systolic murmur and thrill can be detected along the left sternal 
border. Maneuvers that increase venous return or chamber size 
(handgrip, squatting) decrease the intensity of the murmur and 
Valsalva maneuver increases the intensity of the murmur. 

The echocardiogram provides comprehensive assessment 
of the thickness of the left ventricular wall, dynamic outflow 
tract obstruction with different maneuvers, and valvular 
regurgitation. 

In a study of 82 pregnancies, Kumar and Elkayam (107) 
concluded that the outcome of pregnancy is generally 
favorable, although worsening of symptoms may occur. 

In asymptomatic patients, management involves avoiding 
situations that increase the outflow tract obstruction such as 
hypovolemia, vasodilatation, and medications like digoxin, 
inotropes, and diuretics (Table 8). For symptomatic pregnant 
patients, treatment should be aimed at alleviating symptoms 
with beta blockers or non-dihydropyridine calcium channel 
blockers. Arrhythmias, both atrial and ventricular, occur 
frequently in patients with hypertrophic cardiomyopathy. 
General measures during labor and delivery in these patients 
include laboring in the left lateral decubitus position to 
maximize venous return to the heart, avoidance of hypovo- 
lemia, and a shortened second stage of labor. Prostaglandins, 
such as PGE, (because of their vasodilatory effect), and beta- 
adrenergic stimulants should be avoided in these patients. 


OTHER CONDITIONS WITH VARIABLE RISKS: 
ARRHYTHMIAS 

Tachyarrhythmias 

Cardiac arrhythmias may be classified as supraventricular or 
ventricular and may occur during pregnancy either sponta- 
neously or related to preexisting heart disease. Sinus tachycardia 
is a frequent occurrence during pregnancy, as are premature 
atrial and ventricular contractions. The hormonal and hemo- 
dynamic changes of pregnancy may predispose women, even 
those with normal cardiovascular systems, to frequent ectopic 
beats. Although the essentials of treatment of the arrhythmias in 
pregnant women are similar to those for nonpregnant women, 
the treatment has to be individualized depending on the stage of 
pregnancy and the risk—benefit ratio of exposing the fetus to the 
drugs. The principle is to avoid maternal hypotension and fetal 
hypoperfusion. 

Atrial fibrillation in pregnancy is usually seen in the setting 
of rheumatic mitral stenosis. Two important considerations in 
pregnancy are the following: (i) If the ventricular rate is rapid, 
the diastolic filling time shortens, resulting in a fall in both 
stroke volume and forward output. This can cause decreased 
placental perfusion and fetal compromise. For this reason, 
women who are at risk for developing atrial fibrillation during 
pregnancy should be maintained on prophylactic digoxin or a 
beta blocker to prevent the rapid ventricular response, should 
atrial fibrillation develop. (ii) Atrial fibrillation in mitral 


Table 8 Cardiovascular Drugs in Pregnancy 


Drug 


Adenosine 


Amiodarone 


Angiotensin- 


converting 


enzyme 
inhibitors 


Aldomet 
Beta blockers 


Digoxin 
Diltiazem 


Disopyramide 


Diuretics 


Flecainide 


Use in pregnancy 
Maternal and fetal arrhythmias 


Maternal arrhythmias 


Hypertension 


Hypertension 

Hypertension, maternal arrhythmias, 
myocardial ischemia, mitral stenosis, 
hypertrophic cardiomyopathy, 
hyperthyroidism, Marfan syndrome 


Maternal and fetal arrhythmias, heart 
failure 


Myocardial ischemia, tocolysis 


Maternal arrhythmias 


Hypertension, congestive heart failure 


Maternal and fetal arrhythmias 


Potential side effects 


No side effects reported; data on 
use during first trimester are 
limited 

IUGR, prematurity, congenital 
goiter, hypothyroidism and 
hyperthyroidism, transient 
bradycardia, and prolonged 
QT in the newborn 

Oligohydramnios, IUGR, 
prematurity, neonatal 
hypotension, renal failure, 
anemia, death, skull 
ossification defect, limb 
contractures, patent ductus 
arteriosus 


Fetal bradycardia, low placental 
weight, possible IUGR, 
hypoglycemia, no information 
on carvedilol 


No evidence for unfavorable 
effects on the fetus 

Limited data; increased incidence 
of major birth defects 

Limited data; may induce uterine 
contraction and premature 
delivery 

Hypovolemia leads to reduced 
uteroplacental perfusion, fetal 
hypoglycemia, 
thrombocytopenia, 
hyponatremia, hypokalemia; 
thiazide diuretics can inhibit 
labor and suppress lactation 

Limited data; two cases of fetal 
death after successful 
treatment of fetal SVT 
reported, but relation to 
flecainide uncertain 


Breast feeding 
Data NA 


Not recommended 


Compatible 


Compatible, monitoring of 
infant’s heart rate 
recommended 


Compatible 
Compatible 


Compatible 


Compatible 


Compatible 


Risk factors 


First trimester: C 


e 


Second and third 
trimester: D 


Acebutolol: B 


Labetalol: C 


Metoprolol: C 
Propranolol: C 


Atenolol: D 


C 


@ 


(Continued) 
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Table 8 (Continued) Cardiovascular Drugs in Pregnancy 


Drug 


Heparin 
Hydralazine 


Lidocaine 


Mexiletine 
Nifedipine 


Nitrates 


Procainamide 


Propafenone 


Quinidine 


Sodium 
nitroprusside 


Sotalol 


Verapamil 


Use in pregnancy 


Anticoagulation 


Hypertension, hypertensive 
emergencies 


Local anesthesia, maternal arrhythmias 


Maternal arrhythmias 
Hypertension, tocolysis 


Myocardial infarction and ischemia, 
hypertension, pulmonary edema, 
tocolysis 


Maternal and fetal arrhythmias 


Fetal arrhythmias 


Maternal and fetal arrhythmias 


Hypertension, aortic dissection, 
hypertensive emergencies 


Maternal arrhythmias, hypertension, 
fetal tachycardia 


Maternal and fetal arrhythmias, 
hypertension, tocolysis 


Potential side effects 


None reported 
None reported 


No evidence for unfavorable fetal 
effects; high serum levels may 
cause central nervous 
depression at birth 

Limited data 

Fetal distress related to maternal 
hypotension reported 

Limited data; use is generally 
safe, few cases of fetal heart 
rate deceleration and 
bradycardia have been 
reported 

Limited data; no fetal side effects 
reported 

Limited data; fetal death reported 
after direct intrauterine 
administration in fetuses with 
fetal hydrops 

Minimal oxytocic effect, high 
doses may cause premature 
labor or abortion; transient 
neonatal thrombocytopenia 
and damage to eighth nerve 
reported 

Limited data; potential 
thiocyanate fetal toxicity, fetal 
mortality reported in animals 

Limited data; two cases of fetal 
death and two cases of 
significant neurologic 
morbidity in newborns 
reported, as well as 
bradycardia in newborns 

Limited data; other than a single 
case of fetal death of uncertain 
cause, no adverse fetal or 
newborn effects have been 
reported 


Breast feeding 


Compatible 
Compatible 


Compatible 


Not recommended 


Compatible 


Data NA 


Compatible 


Data NA 


Compatible 


Data NA 


Compatible, monitoring of 
infant’s heart rate 


recommended 


Compatible 


Risk factors 


Cc 


@ 
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Warfarin 


Aspirin 


Thienopyridine 
derivatives 

Glycoprotein 
IIb/Ila 
inhibitors 


HMG-CoA 
rireductase 
inhibitors 
(statins) 


FDA classification: Category B: Either animal reproduction studies have not demonstrated a fetal risk but there are no controlled studies in pregnant women, or animal reproduction studies have shown an adverse effect that 
was not confirmed in controlled studies in women. Category C: Either studies in animals have revealed adverse effects on the fetus and there are no controlled studies in women or studies in women and animals are not 
available. Drugs should be given only if potential benefits justify the potential risk to the fetus. Category D: There is positive evidence of human fetal risk, but the benefits from use in pregnant woman may be acceptable despite 
the risk. Category X: Studies in animals or human beings have demonstrated fetal abnormalities. The risk of the use of the drug in pregnant women clearly outweighs any possible benefit. The drug is contraindicated in women 


who are or may become pregnant. Abbreviations: NA, not available; SVT, supraventricular tachycardia; IUGR, intrauterine growth retardation. Source: From Refs. 9,87. 


Anticoagulation 


Antiplatelet 


Crosses placental barrier; fetal 


hemorrhage in utero, 
embryopathy, central nervous 
system abnormalities 


Increased maternal and fetal 


hemorrhage, increased 
perinatal mortality, 
intrauterine growth 
retardation, and premature 
closure of the ductus 
arteriosus. Chronic high-dose 
use not recommended. Low- 
dose use (<150mg/day) safe 


Very limited data 


Data NA, cesarean section should 


be considered as the method of 
delivery to avoid the risk of 
fetal intracranial hemorrhage 


Skeletal abnormalities maternal, 


fetal, and neonatal mortality in 
animal studies. Post marketing 
surveillance—no adverse 
outcome 


Compatible 


Cautious use of aspirin during 
lactation 


Not recommended 


Data NA 


Not recommended 


High dose in third 


B 


trimester: D 


(Risk category B: 


X 


eptifibatide, tirofiban; 
risk category C: 
abciximab) 
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stenosis carries a higher risk of systemic embolization. 
Anticoagulation in pregnancy is described below. 

Supraventricular tachycardias can be terminated by vagal 
maneuvers such as carotid sinus massage, splashing the face with 
cold water, or a Valsalva maneuver. If these vagal maneuvers 
are unsuccessful, intravenous adenosine or verapamil should be 
tried. Electrical cardioversion has been used successfully during 
pregnancy for reversion to sinus rhythm (108). 

Ventricular tachycardia is rare during pregnancy and often 
accompanies structural heart disease. If the ventricular 
tachycardia is slow (<100—120 beats/min) or non-sustained 
(self-terminating within 30 seconds), and there is no apparent 
structural heart disease, the prognosis is excellent and further 
therapy with antiarrhythmic drugs is usually not necessary. 
Patients with ventricular tachycardia who have structural heart 
disease or those with symptomatic episodes of ventricular 
tachycardia warrant treatment. The urgency of treatment 
depends on the presenting symptoms. Rapid ventricular 
tachycardia in the pregnant patient who is demonstrating 
significant hemodynamic compromise should be treated 
urgently with electrical cardioversion, to maintain the fetal 
blood supply. Patients who are hemodynamically stable can be 
treated with intravenous procainamide or lidocaine, both of 
which have been shown to be safe for the fetus. Once sinus 
rhythm has been reestablished, a thorough evaluation should 
be undertaken to determine the cause of the ventricular 
tachycardia before long-term therapy is initiated. 


Bradyarrhythmias, Conduction Blocks 

Despite the fact that sinus bradycardia and Wenckebach 
atrioventricular (AV) block (type I second-degree AV block) 
have been observed during pregnancy, labor, and delivery 
(109), conduction blocks are not a normal finding in 
pregnancy. Type II second-degree AV block and third-degree 
AV block are associated with an increased incidence of sudden 
death, and permanent pacemaker should be considered. The 
exception to this is congenital complete heart block, which is 
generally well tolerated and, because it carries a good 
prognosis, usually does not need to be treated with a 
pacemaker, unless it is symptomatic. 


MANAGEMENT DURING LABOR AND DELIVERY 

As discussed elsewhere in this chapter, a number of profound 
cardiovascular changes take place during labor and delivery, 
and these changes are affected by numerous variables 
including type of delivery (vaginal vs. cesarean), level of pain, 
and anesthesia. 


Labor and Delivery 

Timing of Delivery 

The main factors considered in deciding the time for delivery 
are as follows: 


e The current NYHA functional status (hemodynamic 
compensation) 

e The presence or absence of fetal compromise 
(intrauterine growth restriction, oligohydramnios, 
or nonreassuring fetal testing) 

e The functional status trend over time 
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e The possibility of improving or relieving the current 
functional status through optimization of treatment 
(e.g, evaluation of compliance, adjustment of 
medication doses or additional medications, addi- 
tional rest) 

Women in functional classes NYHA I and II and without 
fetal indications for delivery are allowed to go into labor 
spontaneously. Women in functional classes III and IV or in 
high risk are electively delivered. If the maternal and fetal 
conditions allow, the induction of labor is scheduled between 
38 and 39 weeks of gestation (110). Patients in functional class 
II or IV are best managed in an obstetric intensive care unit, if 
available, or in an alternative intensive care unit. 


Route of Delivery 

Considering the hemodynamic changes of an uncomplicated 
vaginal delivery in comparison with an abdominal delivery, the 
vast majority of these women better tolerate a vaginal delivery 
(12,64,110,111). Cesarean delivery increases the risk of 
hemorrhage, postpartum infection, pulmonary morbidity, 
and the fluid shifts and metabolic demands of these women 
during the period of recovery (13). 

The indications for cesarean delivery are the same for 
women with cardiac disease and the general population (112). 
There are a few exceptions to this principle. Some women 
with heart disease may benefit from proceeding directly 
to cesarean delivery including women with endocarditis 
needing an emergency valve replacement at or near term; 
women with severe intrauterine growth restriction and 
Eisenmenger’s reaction and unripe cervical conditions; 
and women with severe aortic stenosis, aortic dilatation, or 
dissection (2). Similarly, acute severe cardiovascular decom- 
pensation during labor might prompt the performance of a 
cesarean delivery (2). 


Induction and Augmentation 

General guidelines for the management of pregnant cardiac 
patients include induction of labor at term with favorable 
cervix and laboring in the lateral position. Women in higher 
functional classes may need cervical ripening procedures 
before induction. Mechanical methods (e.g., Foley catheter) 
have the advantage of avoiding hemodynamic effects and are 
associated with lower rates of uterine hyperstimulation and 
fetal bradycardia. They are the method of choice in higher 
functional classes and patients with cyanotic lesions. Prosta- 
glandin-based ripening can be used in patients with lower 
functional classes without tachycardia or a history of asthma. 


Maternal and Fetal Monitoring Considerations 

Continuous EKG and pulse oximetry monitoring is recom- 
mended to monitor for hypotension, hypoxemia, myocardial 
ischemia, and arrhythmias. The role of pulmonary artery 
catheter is controversial and should be decided on a case-by- 
case basis. Women in functional class IV and selected cases in 
functional class III, pulmonary hypertension, may benefit 
from a pulmonary artery catheter insertion before the process 
of labor and delivery is started (8). In some conditions, such as 
mitral stenosis, controlling the heart rate with a beta blocker 
infusion may be indicated to avoid tachycardia and decrease in 
cardiac output (113). 
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Continuous fetal heart rate monitoring is indicated 
throughout labor. The fetus is an excellent parameter of 
maternal perfusion. If cervical conditions allow, internal 
monitoring is preferable. In the presence of nonreassuring 
fetal patterns (e.g., nonreactive fetal strip, fetal tachycardia, 
repetitive late decelerations), prompt evaluation of the 
maternal hemodynamic parameters and oxygenation is 
indicated. 


Analgesic and Anesthetic Considerations 

Anaesthesia can alleviate anxiety and pain, which are 
associated with tachycardia, increased oxygen consum- 
ption and increase in cardiac workload. Cardiovascular 
hemodynamics is also affected by the type and amount of 
anesthesia. 

An anesthesiologist with experience in managing these 
patients is pivotal to a successful maternal and fetal outcome. 
The combination of intrathecal and epidural analgesia 
(combined spinal—epidural technique or coaxial anesthesia) 
provides excellent analgesic control, minimizing the patient’s 
anxiety and tachycardia. Epidural anesthesia should be used 
with caution in patients with hypertrophic cardiomyopathy, 
in other conditions with low or fixed cardiac outputs such 
as aortic stenosis, and in potential or actual right-to-left 
shunts (114). Epidural anesthesia may be contraindicated in 
patients with Eisenmenger’s physiology because it can increase 
the right-to-left shunt (115). Alternatively, parenteral admin- 
istration of meperidine or morphine can be used to achieve 
patient comfort, with the combined use of a pudendal block 
for analgesic relief of the second stage (114). For vaginal 
delivery, the second stage of labor is routinely shortened with 
outlet forceps or vacuum extractor (2). 


Postpartum Considerations 

It is important to remember that the majority of deaths in this 
group of patients occur during the puerperium (110). Speci- 
fically, the risks of pulmonary edema persist 24 to 72 hours 
postpartum (2). 

Some studies have reported a significantly higher inci- 
dence of postpartum hemorrhage among patients with 
Marfan syndrome, higher functional classes (NYHA HI or 
IV), or cyanosis (2). Postpartum hemorrhage should be 
managed promptly. Patients who have Eisenmenger syn- 
drome may sustain an increase in the right-to-left shunt 
during the immediate postpartum period secondary to a 
decrease in systemic vascular resistance due to blood loss or 
relief of aortic compression by the fetus (13). In this subset 
of patients, vasopressors like norepinephrine may be started 
at the time of delivery to prevent the increase in right-to-left 
shunting (16). 

Early assisted ambulation, use of elastic support stockings, 
and prophylactic anticoagulation, if needed, will minimize the 
risk of thromboembolism and are encouraged. If the patient 
has a need for prolonged anticoagulation, warfarin can be 
started the day after delivery with an overlap with heparin for 
1 or 2 more days after reaching goal INR (116). 

Prolonged postpartum admissions are recommended for 
patients with Eisenmenger syndrome and those with IPAH 
because most deaths occur during the first month after 
delivery (68). 
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Breastfeeding 

No specific contraindications for breastfeeding exist provided 
that an adequate state of hydration is maintained. It is 
important to consider the fetal risks from the drugs that may 
be excreted in the breast milk. 


Follow-Up 

Cardiovascular responses do not completely normalize until 
7 months after delivery. These patients should be closely 
followed by the cardiologists, in addition to the obstetrician. 


SPECIAL CONSIDERATION 

Cardiac Surgery 

Cardiac Surgery During Pregnancy 

Certain patients with heart disease may develop refractory 
symptoms during pregnancy that necessitate cardiac surgical 
procedures. In some cases, surgery may be lifesaving for the 
mother, albeit resulting in increased fetal mortality. The out- 
come of cardiovascular surgery performed during pregnancy is 
affected by numerous variables, such as the indication, maternal 
condition, the timing of the surgery relative to the duration of the 
pregnancy, the interval between admission and surgery, and the 
use of duration of cardiopulmonary bypass. These factors should 
be reviewed with the patient on an individual basis. 

With the advances in knowledge and technology, the maternal 
and fetal outcome has improved significantly. Numerous 
pregnant patients with mitral stenosis have undergone valve 
replacement for both aortic and mitral valve diseases 
(92,117,118). Although this procedure has been shown to be 
relatively safe and effective, it carries a high fetal mortality and 
should be reserved for patients refractory to medical manage- 
ment. In selected patients, closed mitral valvotomy offers excellent 
results, comparable with those of nonsurgical treatments (119). 
Other successful intracardiac procedures during pregnancy 
include pulmonary valvuloplasty, ASD and VSD repair, excision 
of left atrial myxomas, and, as an emergency, repair of an 
aortic dissection. In addition, there have been several successful 
coronary artery bypass graft procedures carried out during 
pregnancy (92,117). The chief concerns in the optimal manage- 
ment of pregnant patients who are undergoing cardiopulmonary 
bypass (CPB) are the control of temperature, perfusion pressure, 
and the nature of the bypass flow. Current evidence favors main- 
taining normothermic CPB instead of the hypothermic CPB. 
The role of off pump coronary artery bypass grafting is a safe and 
accepted technique for coronary revascularization; however, its 
role in pregnancy needs further evaluation. 


Pregnancy Following Cardiac Surgery 
The outcome of pregnancy in women with corrected 
congenital heart disease depends on many factors including 
the success of the surgical repair, the extent of residual cardiac 
lesions, and the need for cardiovascular medications such as 
Coumadin. In addition, some maternal cardiac defects are 
associated with an increased incidence of congenital fetal 
cardiac and noncardiac defects that may affect fetal prognosis. 
Pregnancies following a heart transplant are usually not 
complicated (101,102,104,105). Peripartum cardiomyopathy 
may not recur after the heart transplant (102). 

Patients with successfully corrected cardiac lesions without 
sequelae have a good prognosis during pregnancy and can 
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often be managed in the same way as a noncardiac patient. 
Patients with residual stenosis, or residual pulmonary 
hypertension, are at an increased risk. 

Women who have had valve replacement with a mechan- 
ical prosthesis pose a special problem, owing to the need for 
anticoagulation. Anticoagulation in pregnancy is discussed 
below. Management of the pregnant patient with a 
bioprosthetic valve is not markedly different from that of 
patients with native valves, because the valve does not require 
anticoagulation. 


Devices 

With the expanding indications for implantable cardioverter 
defibrillators (ICDs), there are increasing number of pregnant 
patients with ICD. The mere presence of an ICD should not 
deter women from becoming pregnant and that pregnancy 
does not increase the risk of major ICD-related complications 
or result in high number of ICD discharges (120). For those 
pregnant women with ongoing malignant arrhythmias despite 
pharmacologic treatment, an ICD may be a safe alternative (48). 
It is recommended that ICD should remain activated during 
labor and should be switched off during cesarean section due to 
the interference with electrocautery and promptly repro- 
grammed after the surgery. 


Medications 

Anticoagulation 

Certain medical conditions such as venous thrombosis of 
the proximal venous system, or certain types of prosthetic 
valves, necessitate anticoagulation during pregnancy. As with 
other therapy during pregnancy, the risks arising from the 
untreated condition must be weighed against the risks and side 
effects of the treatment. For conditions such as mechanical 
prosthetic valve, anticoagulation is a necessity. 


Warfarin 

Warfarin, a vitamin K antagonist, crosses the placenta and has 
been associated with increased risk of spontaneous abortion 
and “warfarin embryopathy.” This condition is characterized 
by hypoplasia of the nasal bone and a wide variety of central 
nervous system abnormalities including optic atrophy, mental 
retardation, deafness, and microcephaly (121-123). The risk is 
higher in the second half of first trimester. In addition, 
warfarin predisposes both the mother and her fetus to 
hemorrhagic complications including fetal intracranial 
hemorrhage (124-127). 


Heparin 

Unfractionated heparin (UFH) is a large molecule that does 
not cross the placenta and has little effect on the fetus. Heparin 
can be administered by continuous intravenous infusion or by 
intermittent subcutaneous doses (every 8-12 hours). 


Low-Molecular Weight Heparins 

Low-molecular weight heparins (LMWHs) have potential 
advantages over UFH during pregnancy. They do not cross the 
placenta and are safe for the fetus (128). Plasma anti-Xa levels 
4 to 6 hours after the morning dose may be used to guide 
therapy with LMWH. Dosage of LMWH is adjusted to achieve 
an anti-Xa level of approximately 0.7 to 1.2units/LmL (129). 
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Although LMWHs have been used successfully to treat deep 
venous thrombosis in pregnant patients, there are no data to 
guide their use in the management of patients with mechanical 
heart valves (130). Reports of LMWH use in pregnant women 
with prosthetic heart valves are becoming more frequent, and 
many physicians now prescribe these agents during pregnancy 
in women with mechanical valves, but treatment failures have 
been reported. 

The 2008 ACCP Guidelines for antithrombotic therapy 
recommended one of three approaches for anticoagulation 
during pregnancy: (131) 


e Adjusted-dose bid LMWH throughout pregnancy. 
Dosing to be adjusted to achieve the manufacturer’s 
peak anti-Xa LMWH 4 hours after subcutaneous 
injection. 

e Adjusted-dose UFH throughout pregnancy adminis- 
tered subcutaneously q12 hours in doses adjusted to 
keep the mid-interval activated partial thromboplas- 
tin time at least twice control or attain an anti-Xa 
heparin level of 0.35 to 0.70U/mL. 

e UFH or LMWH (as above) until the 13th week with 
warfarin substitution until close to delivery when 
UFH or LMWH is resumed. 


Antibiotic Prophylaxis 

Per most recently updated American Heart Association 
guidelines (44), prophylactic antibiotics solely to prevent 
endocarditis are not recommended for patients who undergo 
gastrointestinal (GI) or genitourinary (GU) tract procedures. 
In general, the incidence of infective endocarditis is relatively 
low during uncomplicated vaginal delivery and antibiotic 
prophylaxis is not recommended. 

Patients with infections of the GI or GU tract may have 
intermittent or sustained enterococcal bacteremia. For 
patients with the conditions listed in Table 9, with an 
established GI or GU tract infection, or for those who receive 
antibiotic therapy to prevent wound infection or sepsis 
associated with a GI or GU tract procedure, it may be 


Table 9 Conditions Requiring Infective Endocarditis (IE) 
Prophylaxis 


Prosthetic cardiac valve or prosthetic material used for cardiac 
valve repair 
Previous IE 
Congenital heart disease (CHD)* 
Unrepaired cyanotic CHD, including palliative shunts and 
conduits 
Completely repaired congenital heart defect with prosthetic 
material or device, whether placed by surgery or by catheter 
intervention, during the first 6 months after the procedure” 
Repaired CHD with residual defects at the site or adjacent 
to the site of a prosthetic patch or prosthetic device (which 
inhibit endothelialization) 
Cardiac transplantation recipients who develop cardiac 
valvulopathy 
“Except for the conditions listed above, antibiotic prophylaxis is no longer 
recommended for any other form of CHD. Prophylaxis is reasonable 
because endothelialization of prosthetic material occurs within 6 months 


after the procedure. Prevention of infective endocarditis: guidelines from 
the American Heart Association (44). 
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reasonable that the antibiotic regimen includes an agent active 
against enterococci, such as penicillin, ampicillin, piperacillin, 
or vancomycin (44). 


Cardiac Diagnostic Testing During Pregnancy 

Tests Not Involving Ionizing Radiation 

Electrocardiogram 

The EKG can be enormously helpful in diagnosing a wide 
variety of abnormalities, including arrhythmias, and poses no 
risk to either the mother or the fetus. Premature atrial and 
ventricular complexes are usually benign and seen frequently, 
and a wide variety of brady- and tachyarrhythmias have been 
documented during labor (132). 


Echocardiography 
Echocardiography has been widely used and poses no risk to 
either the mother or the fetus. An echocardiographic evaluation 
would be appropriate in instances of systolic murmurs in the 
presence of symptoms, systolic murmurs with associated thrill, 
pansystolic murmurs, diastolic murmurs, or murmurs accom- 
panied by arrhythmias or gallop. 
Transesophagealechocardiographyhasbeenreportedtobewell 
tolerated during pregnancy and is helpful to further elucidate 
structuralandfunctionalchangesnotwelldefinedontransthoracic 
echocardiography, such as endocarditis vegetations, prosthetic 
valves,andtheseverityofvalvulardisease(16,64, 133). 


Magnetic Resonance Imaging 

Magnetic resonance imaging (MRI) has been studied in detail 
and no apparent long-term adverse effects have been 
demonstrated on the fetuses of pregnant mice. The safety of 
fetal MRI has not been fully evaluated. Fetal MRI using 1.5-T 
magnets may be performed in any trimester (134). However, 
because of limited data, MRI in the first trimester is currently 
avoided whenever feasible. 


Cardiac Diagnostic Tests Involving Ionizing Radiation 

Ionizing radiation, depending on the dose and the gestational 
age, may pose risks to the fetus. During the first few weeks after 
conception, a maternal dose of 0.1 Gy results in a 0.1% increase 
in abortions over the naturally occurring spontaneous abortion 
rate of 25% to 50%. The period of organogenesis (2—8 weeks) is 
critically important. A dose of 0.1 Gy is estimated to produce a 
1% increase in the frequency of congenital fetal abnormali- 
ties (135). After 8 weeks of gestation, the primary effect of radiation 
exposure is an increased incidence of childhood leukemia. A 
dose of 0.01 Gy may increase the frequency of malignant disease 
by up to 11 cases per 1,000,000 live births (135). 

Fetal exposure of 0.1 Gy or greater may increase the rise of 
childhood leukemia and fetal abnormalities such as micro- 
cephaly (136). Some limit the safe fetal dose to 5mGy. 
Occasionally, the need arises during pregnancy for cardiac 
diagnostic testing that involves ionizing radiation. If the 
information obtained is crucial for the management of the 
patient, the test should be performed in such a way as to 
minimize exposure to the fetus. 


Chest Radiograph 

A chest X-ray delivers approximately 0-0.05mGy to the fetus, 
which is considered a negligible amount. In addition, the 
abdomen of the pregnant patient can often be shielded during 
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the test to minimize exposure by scattered radiation. An 
inadvertent chest X-ray during early pregnancy poses little, if 
any, risk to the fetus, but should be performed only if the 
benefits outweigh the very small risk. 


Myocardial Perfusion Imaging and Radionuclide 
Ventriculogram 

Radionuclide imaging using ~"”’technetium-labeled sestamibi 
or "thallium is expected to yield <1 rad of radiation to the 
conceptus (87). These tests are rarely needed in pregnancy and 


can be substituted by echocardiography if indicated. 


99m. 


Cardiac Catheterization 

There are cardiac events during pregnancy that require cardiac 
catheterization and obligate exposure to ionizing radiation. 
The classic example would be acute myocardial infarction, 
where the risk of fetal exposure to ionizing radiation may be 
less than the benefits of immediate revascularization and 
prevention of complications. 

The amount of fetal exposure to radiation during chest 
radiography in PCI results in a mean exposure of 0.02 mSv 
and a maximum of 0.1mSv in difficult PCI procedures 
(National Council of Radiation Protection and Measure- 
ments 1998). Radiation that scattered from the directly 
irradiated area reaches the fetus. Shielding the abdomen and 
pelvis will not intercept the scattered irradiation. Catheter- 
ization through the radial artery will keep fetal radiation 
exposure to a minimum. 

As with other tests, catheterization should be avoided unless 
the critical information cannot be obtained in other ways. 
Before completion of major organogenesis (before 15 weeks 
after menses), radiation exposure must, whenever possible, 
be avoided. Doses in excess of 50 to 100mSv increase the 
incidence of fetal malformation and may warrant termination 
of pregnancy (137). 

Pregnancy in cardiac patients poses multitude of challenges 
to the multidisciplinary team taking care of these patients. 
With meticulous planning, education, counseling, and advances 
in technology, the maternal and fetal outcome continues to 
improve. 
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21 Dermatologic diseases and pregnancy 
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DERMATOLOGIC DISEASES AND PREGNANCY 

The skin during pregnancy undergoes profound changes that 
are associated with multiple endocrine, metabolic, and 
immunologic adjustments to this state. Pregnant patients 
develop physiologic or endocrine-induced skin changes, 
dermatoses specifically related to pregnancy, and skin diseases 
seen in the nonpregnant state. The physiologic changes occur 
with such regularity during pregnancy that they are considered 
virtually normal, but these changes sometimes become 
pathologic when severe. The physiologic changes often occur 
in the general population but are increased in frequency 
among pregnant women, and most regress postpartum. The 
most common physiologic changes affect pigmentation, striae 
formation, the vascular system, the pilosebaceous unit, oral 
mucosa, and sweat glands (Table 1). 

The specific dermatoses of pregnancy include pemphigoid 
gestationis (herpes gestationis), pruritic urticarial papules and 
plaques of pregnancy (PUPPP), pustular psoriasis of preg- 
nancy (impetigo herpetiformis), cholestasis of pregnancy 
(CP; prurigo gravidarum), prurigo of pregnancy (PP; papular 
dermatitis of pregnancy), and pruritic folliculitis of pregnancy 
(PFP) (Table 2). These diseases are discussed later in the 
chapter. 


PHYSIOLOGIC CHANGES ASSOCIATED WITH 
PREGNANCY 
Pigmentary Changes 
Ninety percent of pregnant patients develop hyperpigmenta- 
tion, usually mild and generalized. There is accentuation of 
normally hyperpigmented regions such as the areolae, nipples, 
axillae, genitalia, perineum, anus, and inner thighs (1-3). 
Generally, hyperpigmentation appears during the first trime- 
ster, progresses until delivery, and regresses postpartum. 
However, anatomic sites already hyperpigmented (areola, 
nipples, and genitalia) usually do not return to their previous 
color. The cause of hyperpigmentation is controversial. Most 
investigators agree that an increase in the production of 
pituitary, placental, and ovarian hormones is responsible (4—6). 
Melanocyte-stimulating hormone (MSH), estrogen, and 
progesterone are strong melanogenic stimulants and may play 
an important role. MSH is increased during pregnancy and 
decreases postpartum (7-9). Studies have also shown that the 
placenta contains other bioactive molecules that stimulate 
melanocytes by upregulating tyrosinase activity (10). 
Pigmentary changes during pregnancy include darkening of 
the areolae, producing what is known as secondary areolae. 
This is usually seen as pigmentation between the two areolae. 
Areolar pigmentation is readily distinguished from nevoid 
hyperkeratosis of the nipple and areola, a rare condition which 
also develops during pregnancy (11). The linea alba often 
darkens and is renamed the linea nigra; this is most notable in 


dark-skinned women. Linea nigra is often accompanied by the 
shifting of the umbilicus to the right side of the patient at term, 
known as the “ligamentum teres sign,” which persists 
postpartum until the abdominal muscles redevelop normal 
tone (11,12). Pigmentary demarcation lines, seen as borders of 
abrupt transition between more deeply pigmented skin and 
that of lighter pigmentation, may occur on the lower limbs 
during pregnancy (13). Severe generalized hypermelanosis is 
rare and its occurrence suggests hyperthyroidism. 

Melasma (chloasma), or the “mask of pregnancy,” presents 
as blotchy, irregularly shaped, usually sharply demarcated 
patches of light to dark brown pigmentation of the face. It 
occurs in greater than 50%, with some studies reporting up to 
75%, of pregnant women and in up to 34% of women taking 
oral contraceptives (14,15). Melasma usually begins during the 
second trimester and is more common in dark-skinned (skin 
types IV-VI) women (16). The most commonly affected sites 
are the nose and cheeks followed by the upper lips, forehead, 
chin, and eyebrows (17). Three clinical patterns exist, which 
can be distinguishable by examination with the Wood’s lamp. 
The causative agent for melasma is unknown. Contributing 
factors, aside from pregnancy and oral contraceptives, include 
genetics, skin type, exposure to UV radiation, nutrition, 
hepatic diseases, thyroid dysfunction, drugs, and cosmetics 
(16). Preventive measures such as avoidance of sun, usage of 
broad-spectrum sunscreens, and non-allergenic cosmetics are 
recommended. Treatment is frequently deferred until after 
delivery, since gestational melasma usually regresses within a 
year postpartum but may persist in less than 10% of patients 
(11). If melasma does persist, treatment options (in addition to 
consistent daily use of broad-spectrum SPF 30 sunscreen and 
sun protective hats) include topical hydroquinone products, or 
hydroquinone in combination with tretinoin and topical 
steroid creams, azelaic acid topical preparations, laser therapy, 
and chemical peels. 

Freckles, melanocytic nevi, and recent scars may also 
darken. Although melanocytic nevi may appear somewhat 
darker during pregnancy, an increase in size, significant 
change, or variation in color, or irregular shape of a nevus is 
always of concern and therefore warrants an excisional biopsy. 
Data support the finding that women with previously diagnosed 
dysplastic nevus syndrome demonstrate an increased rate of 
changing nevi during pregnancy compared with their non- 
pregnant counterparts (18). Other studies have demonstrated 
that women who are pregnant or on oral contraceptives have an 
increased number of estrogen and progesterone receptors on 
their nevi cells similar to those observed in malignant 
melanoma and severely dysplastic nevi (19). Histopathologic 
evaluation of malignant melanoma diagnosed during 
pregnancy shows an increased tumor thickness. This may 
be associated with growth factor accelerating tumor growth 
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Table 1 Physiologic Skin Changes of Pregnancy 


Pigmentary changes 
Hyperpigmentation 
Melasma 

Hair changes 
Hirsutism 
Telogen effluvium 
Male pattern baldness 

Nail changes 
Transverse grooving 
Distal onycholysis 

Striae distensae 

Vascular and hematologic changes 
Spider angiomas 
Palmar erythema 
Varicosities 
Non-pitting edema 

Mucous membrane changes 

Cutaneous tumors 
Granuloma gravidarum 
Hemangiomas 
Molluscum gravidarum 

Glandular activity 


Table 2 Dermatoses of Pregnancy 


Pemphigoid gestationis 

Pruritic urticarial papules and plaques of pregnancy 
Pustular psoriasis of pregnancy 

Cholestasis of pregnancy 

Prurigo of pregnancy 

Pruritic folliculitis of pregnancy 


or may reflect a delay in diagnosis. However, there has been no 
study that has shown a difference in anatomic location or 
histologic type when comparing malignant melanoma in the 
pregnant and nonpregnant patients (18). 


Striae Distensae 

Striae distensae, or stretch marks, are linear violaceous bands, 
which progress over time to pink or white atrophic lines. Striae 
develop opposite to skin tension lines on the abdomen, breast, 
upper arms, lower back, buttocks, thighs, and groin and are 
reported to occur in 55% to 90% of pregnant women during 
the 6th and 7th months (1—3,20—22). 

The exact etiology is unknown, but several contributing 
factors include hormonal changes (adrenocorticotropins, 
relaxin, and estrogens) affecting connective tissue formation, 
maternal weight gain, degree of abdominal distension, and 
genetic predisposition (11). A recent study by Atwal et al. 
showed that the most significant risk factor for developing 
striae is low maternal age (due to increased fragility of 
fibrillin), followed by BMI greater than 26, maternal weight 
gain greater than 15 kg, and high neonatal birth weight (23). 
Postpartum, the purplish striae improve cosmetically, becom- 
ing flesh-colored or hypopigmented, although striae generally 
do not disappear entirely. No treatment has proven definitive 
to prevent or decrease the occurrence of striae; topical agents 
have been tried (11) with minimal success. 
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Hair and Nail Changes 

Some degree of hirsutism develops in many women early in 
pregnancy and is most pronounced in women with preexisting 
abundant body hair or dark hair. Excessive hair growth is most 
pronounced on the face (upper lip, chin, and cheeks); 
however, the arms, legs, back, and suprapubic areas may be 
affected. Within 6 months postpartum, excess vellus-type hairs 
disappear, but coarse terminal hairs may remain. 

The cause of hirsutism is unknown, but it is thought to be 
due to increased ovarian androgen secretion or increased 
adrenocorticotropic hormone secretion (24,25). Patients with 
marked persistent hirsutism should have an appropriate 
evaluation to exclude virilizing tumors. Therapy consists of 
reassuring the patient, although when hirsutism persists more 
than 6 months postpartum, cosmetic treatment (hair removal 
lasers or electrolysis) may be considered. 

Lynfield reported an increased proportion of anagen hair 
follicles (growth phase) during pregnancy, which is thought to 
be secondary to a decreased rate of conversion of anagen to 
telogen hairs (resting phase), producing a thicker than normal 
growth (26). This increased proportion of anagen to telogen 
hairs is due to the increased estrogen levels during pregnancy, 
which prolong the anagen phase (4). The mean percentage of 
anagen hairs in the first trimester is comparable with the 
nonpregnant state at 85% and is increased to 95% by the 
second trimester (26). Postpartum, a greater than usual 
number of hairs enter the telogen phase manifesting clinically 
as a sudden increased shedding of telogen hairs, known as 
telogen effluvium. Telogen effluvium begins classically 
3months after delivery, but may start 1 to 5 months 
postpartum and usually persists for approximately 1 year with 
complete regrowth by 15months. The causes of telogen 
effluvium include the stress of delivery and changes in 
postpartum hormone balance. There is an abrupt decrease in 
estrogen after delivery probably leading to the dramatic shift 
from anagen to telogen phase. Lynfield found the percentage 
of anagen hairs dropped from 95% to 76% shortly after 
delivery. Therapy involves reassurance, with most patients 
returning to baseline hair growth and thickness within 1 to 
2 years. 

A mild degree of frontoparietal recession in a male pattern 
distribution may develop toward the end of pregnancy. This 
may not be fully reversible postpartum (11). Diffuse thinning 
of the hair during the last trimester is also seen. The causes of 
male pattern frontal recession and hypotrichosis are unknown, 
but inhibition of gonadotropic activity secondary to high 
steroid levels occurring late in pregnancy may play an 
important role. 

Nail changes seen during pregnancy include Beau’s lines 
(transverse grooving), brittleness or softening, distal onycho- 
lysis, subungual keratosis, and accelerated nail growth (1-3, 
24,27). The pathogenesis of these pregnancy nail changes is 
unclear. It is important to consider nail changes associated 
with psoriasis, lichen planus, and onychomycosis. Treatment 
consists of careful nail trimming and avoidance of external 
sensitizers and infections. 


Vascular and Hematologic Changes 
Vascular changes occur during pregnancy and are related to 
distention, fragility, and proliferation of vessels. Elevated 
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levels of circulating estrogens and angiogenesis factors are 
believed to be important in the pathogenesis of “spider” 
angiomas, palmar erythema, hemangiomas, and pyogenic 
granulomas. 

A spider angioma is a bright red macule or papule, with a 
telangiectatic puncta, radiating branches, and surrounding 
erythema, easily blanchable with pressure. Spider angiomas 
appear most commonly in areas drained by the superior vena 
cava (neck, throat, periorbital, and arms) (28). These changes 
appear in 67% of white and 11% of black women between the 
2nd and 5th months of pregnancy and regress within 3 months 
postpartum in 75% of cases (29). Persistent spider angiomas 
may be best treated for cosmetic purposes with electrodesicca- 
tion or vascular lasers (28). Treatment is usually deferred until 
after delivery. 

Palmar erythema may be localized to the thenar or 
hypothenar area or can present as a diffuse mottling of the 
hand with cyanosis and pallor. It is seen in 66% of white and 
33% of black women beginning in the first trimester (1-3). 
The erythema may be accompanied by a burning sensation and 
therefore mistaken for erythromelalgia (12). Palmar erythema 
usually resolves 1 week postpartum. Diffuse palmar erythema 
is indistinguishable from that seen in hyperthyroidism and 
hepatic cirrhosis. 

Varicosities involving the saphenous, vulvar, and hemor- 
rhoidal veins appear in 40% of women starting from the 3rd 
month of pregnancy (2,3,21). A familial tendency for increased 
elastic tissue fragility in conjunction with increased venous 
pressure may account for varicosities. However, because most 
varicosities develop toward the end of the first trimester when 
intrapelvic pressure is not significant, vascular fragility may be 
the more important factor (28). Partial regression tends to 
occur postpartum. Prevention or minimizing the risk of 
development of varicosities is the focus of therapy. Leg 
elevation, lying in the left lateral decubitus position, sleeping in 
Trendelenburg position, compression stockings, and avoid- 
ance of tight-fitting clothes are recommended but no studies 
definitively show their efficacy (28). 

Other vascular changes occur less commonly in pregnancy. 
Cutis marmorata and livedo reticularis of the legs, facial 
flushing, and pallor are presumably due to vasomotor 
instability secondary to increased estrogens. Patients with 
preexisting Raynaud’s phenomena may improve because of 
vasomotor relaxation. Non-pitting edema of the eyelids, face, 
hands, and feet is common during the third trimester. The 
edema tends to decrease during the day and is due to sodium 
and water retention in conjunction with increased capillary 
permeability. Small purpuric lesions on the legs secondary to 
increased capillary permeability are common during the last 
half of pregnancy. 


Mucous Membrane Changes 

Gingival hyperemia is present in up to 80% of pregnant 
women with an increased incidence of gingivitis beginning in 
the 2nd month of pregnancy (1-3,30). The gingivae enlarge, 
darken, become red, swollen, and may bleed spontaneously. 
The causes are unclear, although poor oral hygiene, local 
gingival irritation, nutritional deficiencies, and progesterone- 
induced vascular proliferation are thought to be important in 
the pathogenesis. 
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Cutaneous Tumors 
Proliferation of capillaries in hypertrophied gingivae results in 
granuloma gravidarum (pyogenic granuloma of pregnancy or 
pregnancy tumor). In 27% of women, it appears as a deep-red 
friable nodule arising from the gingiva during the 2nd to 5th 
month of pregnancy (30). Clinically and histologically, it is 
identical to pyogenic granuloma in nonpregnant women, but 
tends to regress postpartum. If regression does not occur, 
surgical removal of the nodule is a reasonable therapy. 
Molluscum gravidarum (skin tags) may appear on the neck, 
chest, axillae, and inframammary areas in the latter stages of 
pregnancy and may spontaneously regress after delivery. 
Persistent bothersome skin tags are easily removed by simple 
scissoring, cryotherapy, or electrodessication if desired. 
Hemangiomas, hemangioendotheliomas, glomangiomas, 
glomus tumors, neurofibromas, dermatofibromas, and 
leiomyomas may arise during gestation. Except for neurofi- 
bromas, these tumors tend to regress postpartum, but may 
recur during subsequent pregnancies. Keloids may grow 
rapidly and desmoid tumors may also develop during 
pregnancy. Desmoid tumors should be treated by wide local 
excision if there is rapid enlargement and resultant local 
tissue destruction. 


Glandular Activity 

Eccrine sweating progressively increases during the third 
trimester accounting for occasional hyperhidrosis and in- 
creased incidence of miliaria rubra (heat rash). The cause is 
unknown, but it is believed that these changes are due to 
increased thyroid activity. By contrast, palmar sweating is 
decreased, which may be secondary to increased adrenocor- 
tical activity. If eccrine sweating is significantly increased, 
topical treatment with a solution of 20% aluminum chloride 
hexahydrate in ethyl alcohol applied every night for 1 week 
may be helpful and then as necessary. Careful application to 
dry skin reduces potential irritation. 

Apocrine gland activity decreases during pregnancy, im- 
proving preexisting Fox—Fordyce disease and hidradenitis 
suppurativa, but there may be a rebound postpartum. 
Sebaceous gland activity increases in some patients during 
the third trimester. Acne and oily skin may develop, but the 
effects of pregnancy on acne are unpredictable. Sebaceous 
glands are associated with lactiferous ducts on the areolae 
hypertrophy in 30% to 50% of women, beginning during the 
6th week of gestation, and appear as elevated brown papules 
called Montgomery’s tubercles (1—3,13,25). The cause of the 
glandular changes is not well understood, but estrogen, 
progesterone, and cortisol are implicated. Breast changes 
during pregnancy include enlargement, tenderness, erect 
nipples, hyperpigmentation of nipples and areolae, promi- 
nence of veins, striae, and Montgomery’s tubercles. Most of 
these changes regress postpartum. 


DERMATOSES OF PREGNANCY 

The dermatoses of pregnancy can be divided into two main 
categories: dermatoses without fetal risk and dermatoses with 
fetal risk. Terminology of the disease processes continues to be 
an ongoing controversy. The newest terminology will be used 
to discuss each entity. Fetal risk is associated with pemphigoid 
gestationis, pustular psoriasis of pregnancy, and CP. 
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Pemphigoid Gestationis 

Pemphigoid gestationis is the least common, but best 
characterized disease of pregnancy and the puerperium. It is 
an autoimmune disease characterized by an intensely pruritic, 
urticarial eruption, which rapidly progresses to bullae. The 
disease is most commonly associated with pregnancy, 
although rare occurrences have been reported with hydatidi- 
form mole and choriocarcinoma (31,32). The incidences of 
pemphigoid gestationis range from 1:1700 deliveries to 
1:50,000 deliveries (33-35). The older term “herpes gestatio- 
nis” is a misnomer, reflecting the “herpetic” clinical 
appearance reported by JL Milton in 1872 (36), although the 
condition is not related to any known viral infection. Mayou 
and colleagues have proposed that the term “pemphigoid 
gestationis” is more appropriate given its clinical and 
histologic resemblance to bullous pemphigoid (37). Both 
names can be found in the literature. 

The etiology of pemphigoid gestationis appears to be 
autoimmune in pathogenesis, and it is associated with C4Q0 
allele in 90% of affected patients. However, the clinical 
relevance of the presence of a C4Q0 allele remains to be 
elucidated (38). All women with a history of pemphigoid 
gestationis have anti-HLA antibodies, with 50% exhibiting 
both HLA-DR3 and HLA-DR4 (38-40). Circulating maternal 
autoantibodies react with an “antigenic” constituent of the 
cutaneous basement membrane as well as the chorionic 
epithelium and amnion of the placenta. This antigen is a 
normal constituent of the basement membrane and may be 
found in the placenta as early as the second trimester. 
Subepidermal blisters develop from tissue damage incurred by 
this antigen-antibody reaction with resultant complement 
activation. A recent finding of abnormal expression of paternal 
major histocompatibility complex (MHC) II region molecules 
in the placenta suggests that the maternal immune system 
evokes an allogeneic reaction (41). This has been theorized to 
be the etiology for the production of maternal antibodies to 
the amniotic basement membrane. The amniotic basement 
membrane is antigenically similar to skin thus leading to a 
cross-reaction causing maternal and occasional newborn 
disease (38). 

The pemphigoid gestationis antigen has been characterized 
as a 180-kDa glycoprotein found in the lamina lucida of the 
basement membrane of skin and placenta (42,43). It is an 
interesting observation that pemphigoid gestationis antigen 
may first appear in the placenta during the second trimester of 
pregnancy, coinciding with the time course of the develop- 
ment of pemphigoid gestationis (44). This 180-kDa antigen is 
also known as bullous pemphigoid antigen 2 and most recently 
as type XVII collagen. This is a transcellular glycoprotein in the 
hemidesmosome with both a cytoplasmic and extracellular 
domain. The function of the hemidesmosome is to anchor the 
basal cells of the epidermis to the basement membrane thus 
keeping it attached to the dermis. The NC16A segment of the 
180-kDa antigen is the immunoreactive site in the majority of 
affected patients (38). 

Pemphigoid gestationis presents as an extremely pruritic, 
urticarial, and bullous eruption that may begin at any time 
during the pregnancy, but most commonly occurs during the 
second and third trimesters. It frequently begins during the 
first pregnancy and has a tendency to recur earlier and with 
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greater severity in subsequent pregnancies. Initial onset in the 
postpartum period has also been well documented in up to 
25% of patients and is often explosive, occurring within hours 
of delivering. A frequent observation is a relative remission in 
the weeks prior to delivery followed by a postpartum flare. 

Early lesions of pemphigoid gestationis begin as erythema- 
tous, edematous papules and plaques, which rapidly develop 
into vesicles and tense bullae (Fig. 1). The vesicles and bullae 
may be grouped, hence the historical description of “herpetic,” 
and develop into erosions with crusting. The eruption begins 
in and around the umbilicus in the majority (50%) of patients 
and then spreads to involve the abdomen and thighs (Fig. 2). 
The back, breast, palms, and soles are frequently affected. The 
head and mucosa are involved less frequently (<20%). A 
constant feature of pemphigoid gestationis is pruritus. Itching 
is often extreme and may begin days or weeks prior to the 
appearance of clinical lesions. 

Two skin biopsies are needed to establish the diagnosis: one 
punch biopsy of an intact bullous lesion for routine H & E 
histology and a second punch biopsy taken from perilesional 
skin for direct immunofluorescence. Histology of an early 
urticarial lesion shows a perivascular infiltrate consisting of 
lymphocytes and many eosinophils. Papillary dermal edema 
with spongiosis and intracellular edema of the overlying 


Figure 1 Early lesions of herpes gestationis. 


Figure 2 Periumbilical distribution of herpes gestationis. 
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epidermis are seen. Histology of a bulla reveals basal cell 
necrosis with a resultant subepidermal bulla. There is a 
pronounced inflammatory infiltrate containing many eosino- 
phils. The presence of eosinophils is the most constant feature 
of pemphigoid gestationis (45). 

Using a direct immunofluorescence assay, patients with 
pemphigoid gestationis have a linear deposition of comple- 
ment 3 (C3) along the basement membrane zone in clinically 
normal and involved skin (46). This finding traditionally is the 
hallmark of the disease, remaining the most sensitive and 
specific test for pemphigoid gestationis (45). Immunoglobulin 
G (IgG) deposition is seen as well (30-40% of patients), and 
less frequently IgA and IgM. 

The sera of patients with pemphigoid gestationis contain an 
antibody to a basement membrane constituent of normal skin. 
This antibody, known as “herpes gestationis factor,” avidly 
binds complement and is an IgGl molecule (47). Using 
conventional indirect immunofluorescence, only 25% of 
patients show evidence of “herpes gestationis factor,” and 
usually in low titers. However, complement added indirect 
immunofluorescence reveals the circulating anti-basement 
membrane zone IgG in nearly all patients, thus this technique 
is much more sensitive (38). Salt split skin studies reveal the 
immunoreactants to localize in the epidermal side of the 
lamina lucida, a finding similar to that seen in bullous 
pemphigoid (48). Placental studies reveal a similar deposition 
of C3 and immunoglobulin along the amniotic basement 
membrane. As in lesional skin and plasma, IgG1 is the most 
frequently found immunoglobulin (49). 

Laboratory evaluation is not necessary for the diagnosis of 
pemphigoid gestationis, although there is an increase in 
incidence of antithyroid antibodies detected in affected 
patients but clinically apparent thyroid dysfunction is rare 
(38,50). ELISA testing is now available and will potentially 
replace direct immunofluorescence for diagnosis in the future. 

The primary disease entity in the differential diagnosis of 
pemphigoid gestationis is PUPPP. There is clinical overlap 
between the two diseases in that they are both pruritic 
dermatoses of pregnancy presenting with urticarial plaques, 
wheals, and vesicles. Pemphigoid gestationis is distinctive, 
however, in developing grouped bullae (PUPPP occasionally is 
vesicular), in its initial periumbilical distribution (PUPPP 
classically arises in abdominal and thigh striae), and its earlier 
appearance within the second trimester (PUPPP usually begins 
in the third trimester). On H & E histology, one cannot 
definitively differentiate them. However, direct immunofluor- 
escence of pemphigoid gestationis is consistently positive for 
linear deposits of C3 at the basement membrane, while PUPPP 
shows nonspecific direct immunofluorescence. Indirect 
immunofluorescence studies in PUPPP are negative (51). 

Other vesiculobullous diseases, such as dermatitis herpeti- 
formis, bullous pemphigoid, and bullous erythema multi- 
forme, are easily differentiated from pemphigoid gestationis by 
clinical presentation and routine immunofluorescence. Bul- 
lous pemphigoid has many similarities to pemphigoid 
gestationis both in its clinical appearance and in its ultra- 
structural findings. However, bullous pemphigoid is a disease 
of the elderly and would rarely be seen in the reproductive 
years. The dominant Ig subclass in bullous pemphigoid is IgG4 
compared with IgG1 in pemphigoid gestationis (45). 
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Systemic steroids are the mainstay of therapy for moderate 
to severe pemphigoid gestationis. Recommended prednisone 
dosing is 0.5 mg/kg/day. One can frequently taper to a daily 
prednisone dose of 10mg. Fortunately, the use of low-dose 
systemic steroids in the second and third trimester of 
pregnancy is not associated with increased risk of congenital 
anomalies, although careful monitoring is needed for gesta- 
tional diabetes and hypertension (52). Mild cases are often 
treated with mid- to high-potency topical glucocorticoids and 
oral antihistamines (some studies have shown these medications 
to be ineffective, but they may offer symptomatic relief) (38). 
Alternative therapies include dapsone, cyclosporine, plasma- 
pheresis, and cyclophosphamide, each variably effective at best, 
and all with significant potential for morbidity (38,53,54). 

The usual course of pemphigoid gestationis is extremely 
variable. Many experience complete remission several weeks 
after delivery and mild flaring with resumption of menses. 
Rarely, severe cases of pemphigoid gestationis will persist far 
beyond the postpartum period and require corticosteroid 
therapy. Recurrent disease flares are reported from 2 weeks up 
to 12 years postpartum (38,45). Monthly perimenstrual flares, 
ovulatory flares, and flares with the use of birth control pills or 
estrogen therapy have all been reported in up to 25% of 
patients. These reports support the contention that once 
pemphigoid gestationis is initiated, it is hormonally mediated. 
Once a patient has pemphigoid gestationis, there is a clear 
tendency for it to recur in subsequent pregnancies (there are 
also reports of “skip pregnancies” in 5-10% of cases) with an 
earlier onset and more severe disease, but there are no good 
data to support this (38,55). 

The impact of pemphigoid gestationis on perinatal 
morbidity and mortality is controversial. While Lawley and 
colleagues noted an increase in fetal morbidity and mortality, 
Shornick and coworkers found no increase in maternal or fetal 
complications (34,56). More recent data suggested an increase 
in preterm delivery and fetal growth retardation (57,58). No 
studies show that treatment with systemic steroids alters the 
risk of preterm delivery in these patients (38). In any case, 
good obstetrical and perinatal care gives a favorable outcome 
in the great majority of cases. Rarely do infants born to 
mothers with pemphigoid gestationis have vesicles or bullae 
(<10%). When present, the eruption is mild and transient. 
There appear to be no ill effects on the child nor evidence of 
increased incidence of other autoimmune diseases (46). 
Women with a history of pemphigoid gestationis have an 
increased risk for the development of Grave’s disease (38). 


Pruritic Urticarial Papules and Plaques of Pregnancy 

PUPPP is the most common of the dermatoses of pregnancy 
with an incidence varying from 1 in 160 to 1 in 300 
pregnancies (50,59). In the first report of PUPPP, a woman 
was described with all the clinical features: a pruritic, urticarial 
eruption developing within abdominal striae during the third 
trimester and generalizing to the thighs and buttocks. While it 
was termed toxemic rash of pregnancy, there is no association 
of PUPPP with pre-eclampsia, and this terminology was not 
accepted (60). In 1979, Lawley and colleagues (61) reported 
seven cases in which they carefully defined the clinical features 
of PUPPP and gave it its widely accepted, yet controversial, 
name of pruritic urticarial papules and plaques of pregnancy. 
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Later Holmes and Black suggested the name polymorphic 
eruption of pregnancy based on the varying morphology of the 
lesions (62). Both names are now found in the literature. 

While the etiology remains unknown, there are several 
current theories, one of which involves an inflammatory 
reaction to connective tissue damaged within striae secondary 
to late abdominal wall distension (63,64). Hormonal modula- 
tion may be involved as evidenced by patients with PUPPP 
having higher prevalence of multiple gestations compared with 
the general population. One study found a 13% incidence of 
PUPPP in multiple gestational pregnancies compared with 1% 
incidence in single gestational pregnancies (65). Other theories 
include maternal weight gain, fetal weight, infant sex (males 
more common), and fetal DNA (66,67). 

The onset of PUPPP varies from as early as 17 weeks to 
1 week postpartum, with the majority of patients presenting 
within the third trimester (mean onset 35 weeks) (38). The 
mean duration of the disease is 6 weeks, but it may persist as 
long as 16 weeks. Severe symptoms usually last 1 week. PUPPP 
classically presents with erythematous urticarial plaques on the 
abdomen usually in association with striae and always sparing 
the periumbilical region (Fig. 3) (38,65). Other presentations 
include vesicular, purpuric, targetoid, or polycyclic lesions, 
hence the polymorphous nature. This cutaneous eruption then 
spreads rapidly to involve the thighs, buttocks, breasts, and 
arms while the face, palms, and soles are rarely involved. 
Pruritus is localized to the involved skin. 

Histopathologic findings of an early urticarial lesion reveal 
epidermal and upper dermal edema with a superficial 
lymphohistiocytic perivascular infiltrate. Eosinophils often 
are present in the infiltrate. However, blood eosinophilia is a 
less common feature. Vesicles are present in the most florid 
examples, in which case intense focal spongiosis is seen in the 
epidermis. Direct immunofluorescence studies are nonspeci- 
fic, and indirect immunofluorescence studies are negative, 
which helps differentiate PUPPP from pemphigoid gestationis. 

Treatment of PUPPP is symptomatic due to its self-limiting 
course and lack of serious outcomes. Management of pruritus, 
often very intense and unremitting, is usually accomplished 
with medium-potency topical steroid preparations and oral 
antihistamines. Systemic corticosteroids are sometimes used. 
Reassurance to the patient about this common cutaneous 


Figure 3 Pruritic urticarial papules and plaques of pregnancy developing in 
striae. 
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disease of pregnancy is important, because it usually resolves 
within a few weeks without risk to the fetus. 

Maternal and fetal prognosis is excellent (68). Recurrence 
during subsequent pregnancies, with menses, or oral contra- 
ceptives is uncommon. If it does recur, the disease tends to be 
attenuated. 


Pustular Psoriasis of Pregnancy (Impetigo Herpetiformis) 
Pustular psoriasis of pregnancy is rare, with fewer than 350 
cases reported. It was first described by Von Hebra in 1872, 
and it consists of an acute pustular eruption resembling 
pustular psoriasis arising suddenly in a patient without prior 
history of psoriasis (69). Pustular psoriasis of pregnancy 
continues to be debated as to whether this disease is a variant 
of pustular psoriasis or a distinct clinical entity truly specific to 
pregnancy. Several factors favor a pregnancy-specific derma- 
tosis. These include the absence of a positive family history of 
psoriasis, abrupt cessation of symptoms after delivery, and the 
tendency for recurrence with subsequent pregnancies and oral 
contraceptives (38). 

The onset of pustular psoriasis of pregnancy is usually 
during the last trimester of pregnancy, but it may occur as 
early as the third month. Skin lesions begin as circinate 
erythematous macules or plaques, with 1 to 3mm pustules 
advancing along the peripheral edge, preferentially occurring 
in intertriginous areas. It may spread to mucous membranes as 
well as to the entire integument, sparing only the face, hands, 
and feet. Pruritus is usually not present or very mild. The 
lesions heal with non-scarring post-inflammatory hyperpig- 
mentation. Systemic symptoms are common including fever, 
chills, malaise, nausea, diarrhea, and arthralgias. Rarely does 
the patient present with tetany, delirium, and seizures 
secondary to hypocalcemia. Other potential lab abnormalities 
include leukocytosis with neutrophilia, elevated erythrocyte 
sedimentation rate, hypoalbuminemia, and iron deficiency 
anemia (70-72). 

Histologically, pustular psoriasis of pregnancy is identical to 
pustular psoriasis and is characterized by parakeratosis, 
elongation of the rete ridges, and subcorneal collections of 
neutrophils. Immunofluorescence studies are all negative. It is 
important to remember that these pustules are sterile unless 
the skin becomes secondarily bacterially infected. 

Early recognition of pustular psoriasis of pregnancy is 
crucial, with both maternal and fetal morbidity and mortality 
increased (73). Maternal complications may include profound 
hypocalcemia and the risk of bacterial sepsis, due to failure of 
skin barrier function. Fetal complications include placental 
insufficiency with sequelae such as miscarriage, fetal growth 
restriction, and possible stillbirth (73,74). Fetal well-being 
should be monitored with nonstress tests, biophysical profiles, 
and ultrasound studies as indicated (70). 

First-line treatment during pregnancy is oral corticoster- 
oids. A prednisone dose as high as 60 mg/day may be 
required, with a careful slow taper to prevent a rebound 
phenomenon. Therapeutic consideration may be given to 
cyclosporine (class C), depending on the severity of the 
clinical situation (38,73). After delivery, treatment options 
are broader with oral retinoids (isotretinoin or etretinate), 
narrowband ultraviolet B phototherapy, and methotrexate 
more commonly used (71). 
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CP 

CP, also known as prurigo of pregnancy and prurigo 
gravidarum, is characterized by sudden onset of intense 
pruritus in the absence of primary cutaneous lesions, although 
secondary excoriations may occur (Fig. 4). It classically 
presents during the third trimester in 80% of cases (with 
10-20% during first and second trimesters). Symptoms remit 
within 2 to 4 weeks after delivery but can recur with successive 
pregnancies (38,51). The incidence of this disorder ranges 
from 0.02% to 3% depending on the region, with the highest 
incidence in Chile at 14% to 16% (4,38,75). 

The etiology of CP is secondary to maternal intrahepatic bile 
secretory dysfunction with the pathogenesis remaining un- 
clear. Hormonal alterations most likely play a large role in CP. 
Increased levels of estrogen and progesterone during preg- 
nancy have been shown to inhibit the enzyme glucuronyl 
transferase, resulting in impaired bilirubin conjugation and 
excretion leading to intrahepatic cholestasis. Disease onset and 
resolution correlating with elevation and reduction of 
hormones also favor hormonal alterations. However, several 
other factors including genetic, environmental, and alimentary 
etiologies may play a role in inducing cholestasis, which results 
in elevated levels of bile acids in serum and skin in genetically 
predisposed women (76). 

Clinical presentation is moderate to severe pruritus, which 
may be intermittent initially, occurring only at night. Pruritus 
may be localized to the palms and soles, but tends to become 
generalized. Occasionally, patients may have anorexia, nausea, 
vomiting, and diarrhea. The progression to jaundice occurs in 
approximately one in five patients (38). Jaundice is usually 
mild and may be associated with dark urine and light-colored 
stools. It becomes detectable 1 to 4 weeks after the onset of 
pruritus. The symptoms resolve rapidly postpartum (within 2 
to 4weeks), but may recur in subsequent pregnancies or with 
the use of oral contraceptives in 45% to 70% of patients (38). 

CP should be highly suspected in a patient who presents in 
the third trimester with the complaint of pruritus, but with few 
or absent skin findings. Skin biopsy is of little benefit. 
Laboratory evaluation is necessary for diagnosis, with elevation 
of bile acid the most sensitive indicator of CP (levels greater 
than 11.0 M are significant) (77). The degree of pruritus tends 
to correlate with the bile acid level. Other liver function tests 
may be elevated including transaminases, alkaline phospha- 
tase, and bilirubin (76). It is also important to rule out other 
causes of liver abnormalities, jaundice, and pruritus. 

Maternal and fetal risks are associated with CP. Maternal 
outcomes are generally favorable, but severe cases may lead to 
postpartum hemorrhage secondary to low vitamin K (38). 
Other complications include an increased tendency toward 
cholelithiasis and cholecystitis. Fetal risk includes fetal distress 
in 20% to 30% of cases, premature birth in 20% to 60% of 
cases, and stillbirth in 1% to 2% of cases. Fetal risks are 
thought to be due to the result of placental anoxia secondary to 
decreased fetal elimination of toxic bile acids (38,51,76). 

Medical management of CP is twofold: fetal monitoring and 
treating maternal symptoms. Fetal monitoring should begin 
around the 34th week of gestation. Delivery may need to be 
induced depending on the severity of fetal distress. Topical 
therapy with steroid preparations, emollients, and oral 
antihistamines provides some relief to mild pruritus. In 
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patients with intense pruritus, ursodeoxycholic acid has 
replaced cholestyramine as first-line therapy. Ursodeoxycholic 
acid treatment is the only medical therapy shown to decrease 
both maternal pruritus and fetal mortality (38,51,78). Doses 
range from 450 to 1200 mg/day (38). 


PP and PFP 

In the past, these two dermatoses of pregnancy were viewed as 
separate entities by the majority, but recently Ambros- 
Rudolph et al. have proposed the term “atopic eruption of 


Figure 5 Allergic contact dermatitis, a common dermatosis, which also occurs 
in pregnant patients. 
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pregnancy” (51). This term encompasses PP, PFP, and eczema 
in pregnancy. Though discussed separately, PP and PFP may 
best be considered part of a spectrum. 

PP has an incidence of 1 in 450. It tends to manifest 
during the second or third trimester. Clinically, the patient 
presents with erythematous, excoriated papules or nodules 
along the extensor surfaces most commonly. The lesions can 
appear eczematous or crusted. This is more common in 
patients with a history of atopy (79). A laboratory workup is 
usually not necessary. PP resolves postpartum, but may 
persist for up to 3months. Fetal and maternal prognoses are 
excellent. It may recur in subsequent pregnancies (79). 
Treatment for pruritus is symptomatic including topical 
steroids and antihistamines. 

PFP has an incidence of approximately 1 in 3000 (79). 
Clinical presentation occurs during the second or third 
trimester with pruritic, follicular, monomorphous papules 
and occasionally pustules. The skin findings tend to be on 
the trunk but may become generalized. PFP is a sterile 
folliculitis; however, evaluation to rule out other infectious 
etiologies is warranted. Fetal and maternal outcomes appear 
to be unaltered. One study reported decreased birth weight 
and a male to female ratio of 2:1 (80). Treatment is aimed at 
symptomatic relief. Topical medium potency steroids and 
narrowband ultraviolet B phototherapy have proven 
beneficial (38). 


CONCLUSION 

Pregnancy affects the majority of the biologic systems, and the 
skin is not an exception. It is important to remember that 
many common dermatoses also occur in pregnant patients 
(Fig. 5) as well as significant dermatoses specific to pregnancy. 
Risks to both mother and fetus, associated with specific 
dermatoses of pregnancy, may be identified quickly and 
treated appropriately with accurate dermatologic diagnosis. 
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INTRODUCTION 

The epidemiology and natural history of endocrine diseases 
are such that they commonly occur in women of childbearing 
age. While major endocrinopathies often adversely affect 
fertility, and thereby in effect prevent pregnancy, the innate 
resilience of the human reproductive system, and the 
fundamental good health of most endocrine patients, assures 
that incidental pregnancies will frequently be encountered in 
patients with established endocrine disease. Pregnancy pro- 
foundly affects many of the endocrine systems and the 
laboratory testing upon which confirmation of disease relies; 
thus, physicians who treat pregnant patients are well advised to 
have familiarity with these alterations. Endocrine diseases may 
have adverse consequences for maternal, fetal, and neonatal 
health; likewise, the pregnancy may alter the expression of 
endocrine disease and as well may alter the interpretation of 
diagnostic laboratory testing commonly performed in non- 
gravid patients. Additionally, pregnancy alters choice of 
pharmacotherapy and diagnostic modalities and reagents. 


THYROID DISORDERS 
Physiologic Adaptations of Pregnancy 
In the normal woman, serum thyroxine (T4) and triiodothyronine 
(T3) concentrations increase by approximately 50% because of 
expansion of the protein-bound pool of thyroid hormones. This in 
turn is due to marked increase in plasma thyroxine-binding 
globulin (TBG), a consequence of reduced hepatic clearance 
owing to estrogen-induced sialylation of TBG (1). In addition to 
the expansion of the total circulating pool of thyroid hormones, 
renal clearance of iodide increases, due to the increase in 
glomerular filtration rate accompanying pregnancy-related vo- 
lume expansion. Finally, early in gestation, maternal thyroid 
hormones are passed via the placenta to the fetus, and throughout 
pregnancy, iodide is transferred to the fetus transplacentally (2). 
To meet the expanded requirement for total serum thyroxine and 
to offset increased loss of iodide in the urine and to the fetus, 
maternal thyroid synthesis and secretion of T4 and T3 increases 
throughout gestation. Accurately assessing the adequacy of 
circulating maternal thyroid hormones is challenging. Clinical 
laboratory measurement of free T4 is increasingly available and has 
largely supplanted older methodology wherein total T4 (“free” 
plus TBG-bound T4) was measured. However, at this time, free T4 
normal ranges have not been benchmarked well for each trimester 
of pregnancy, and there are inconsistent data reporting values of 
free T4 lower, the same, or higher than that in nonpregnant 
patients (1,3). At the present time, it is prudent to request 
measurement of total serum T4 and adjust the normal reference 
range to 1.5 times the nonpregnant adult normal range (4). 
Thyroidal iodide transport, synthesis of thyroid hormone, and 
release of stored thyroid hormone are all controlled by the 
secretion of thyroid-stimulating hormone (TSH) from the 


pituitary gland. In turn, TSH is stimulated by hypothalamic 
thyrotropin-releasing hormone (TRH). TRH and TSH secretion 
is inhibited in negative feedback fashion by rise in serum T4 and 
T3 to the equilibrium set point. During the first trimester of 
pregnancy, TSH levels consistently fall below the non-gravid 
baseline. Since this change accompanies the rise in serum human 
chorionic gonadotropin (beta-hCG), and since hCG has con- 
siderable structural homology to TSH, it has been assumed that in 
the first trimester, hCG transiently supplants TSH as the primary 
stimulator of maternal thyroid function. As hCG concentrations 
wane from gestational weeks 10 to 20, serum TSH returns toward 
its usual baseline value (1). In the first trimester, to allow for 
partial replacement of TSH function by hCG, it has been 
suggested that the normal upper limit for maternal TSH be 
adjusted to no more than 2.5mU/L (5). With this caveat, TSH is 
an excellent screening test for thyroid disease in pregnancy and is 
generally recommended as the test of first choice. 


Normal Fetal and Neonatal Thyroid Physiology 

The fetal thyroid begins to take up iodine and synthesize T4 at 
10 weeks of gestation. Fetal T3 is low throughout gestation (6). 
Normally, only a small amount of maternal thyroid hormone 
traverses the placenta to reach the fetal circulation, but may be 
vital for fetal brain development (7), particularly in athyrotic 
fetuses (8). Iodides, antithyroid drugs, and thyroid-stimulating 
immunoglobulins (TSIs) cross the placenta maternal-to-fetus 
readily and affect fetal thyroid function. In the immediate 
postpartum period, neonatal plasma TSH peaks at approxi- 
mately 30mU/mL several hours after birth, accompanied by 
increased plasma T4 and T3. Thereafter, plasma TSH falls to 
the adult reference range within a few days, and plasma T4 and 
T3 fall to the adult reference range within 1 month. 


Hypothyroidism 
Primary hypothyroidism is defined by elevated serum TSH above 
the normal reference range, and this finding occurs in about 
2.5% of pregnancies (3,9). Severity of the thyroid deficiency is 
further characterized by the magnitude of TSH elevation (“mild” 
disease = TSH 2.5-10mU/L; “moderate” disease = TSH 10 to 
<20mU/L; “severe” disease = TSH>20mU/L and T4 below 
the lower limit of the pregnancy-adjusted reference range). 
Secondary hypothyroidism due to pituitary insufficiency is far 
less common (unless the patient is known to have pituitary or 
hypothalamic disease), since anterior pituitary insufficiency 
commonly adversely affects pulsatile gonadotropin secretion to a 
profound degree, with the result that unassisted conception is 
unusual in such patients. Secondary hypothyroidism is defined 
by subnormal plasma T4 without an appropriate degree of 
TSH elevation. 

Unless the patient has a history of radioactive iodine 
treatment or thyroid surgery, primary hypothyroidism is 
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overwhelmingly due to chronic lymphocytic thyroiditis 
(Hashimoto’s thyroiditis). Postablation hypothyroidism or 
post-thyroidectomy hypothyroidism, stemming from radio- 
active iodine or surgical treatment of hyperthyroidism, goiter, 
or thyroid nodular disease (including thyroid cancer), is the 
other principal cause of hypothyroidism encountered in 
pregnant women. In most instances, the patient will be known 
hypothyroid prior to pregnancy, although of course exceptions 
will be encountered in clinical practice. 

Symptoms of hypothyroidism in pregnant women are subtle 
and often attributed to the pregnancy itself. Cold intolerance, 
mild weight gain, fatigue, somnolence, depression, dry skin, 
constipation, and myalgias are some of the “classic” symptoms. 
There may have been a history of anovulation, dysfunctional 
uterine bleeding, or infertility pre-dating the pregnancy. 
Physical signs offering clues to diagnosis include goiter 
(Hashimoto’s thyroiditis glands are often of palpably firm 
consistency), pretibial myxedema (rare), and delayed return 
phase of deep tendon reflexes, particularly at the ankle. 
Untreated maternal hypothyroidism increases the risks of 
gestational hypertension (up to 36%) (10), caesarean section 
due to fetal distress (up to 56%) (11), placental abruption 
(threefold increased risk vs. euthyroid pregnancies) (12), and 
pre-term labor (approximately twofold increased risk vs. 
euthyroid pregnancies) (12). Neonatal consequences of mater- 
nal hypothyroidism include a two- to threefold increased risk 
for low birth weight and delayed mental and motor develop- 
mental milestone attainment. There is also concern that 
ultimate cognitive attainment of offspring of hypothyroid 
mothers is slightly less than offspring of euthyroid mothers (5). 

Hypothyroidism in pregnancy should be treated with 
levothyroxine (13). Owing to the increased TBG-bound pool 
of circulating T4, higher levothyroxine doses are prescribed 
for pregnant than for nonpregnant patients. For the patient 
newly diagnosed and not previously treated, if the serum TSH 
is >10mU/L, a starting levothyroxine dose of 2mcg/kg/day is 
prudent (4), whereas for TSH<10mU/L, a starting levothyr- 
oxine dose of 1 mcg/kg/day may be sufficient (2). For women 
already receiving levothyroxine treatment at the time of 
conception, the dose requirement increases predictably by 
25% to 50%. Functionally athyrotic patients (those with 
postablation hypothyroidism or post-thyroidectomy hypothyr- 
oidism) have a larger dose increase than patients with primary 
hypothyroidism due to Hashimoto’s thyroiditis, probably 
because in the latter condition, the thyroid is still capable of 
some T4 generation albeit to a subnormal extent (14). 
Conservatively, a serum TSH<2.5mU/L should be targeted as 
goal for therapy; dose of levothyroxine should be increased for 
values >2.5mU/L and TSH retested monthly with further dose 
titration until stable. A suggested formula for dose increase 
based on TSH is to increase levothyroxine by 50mcg/day for 
TSH<10mU/L; by 75mcg/day for TSH 10 to 20mU/L; and 
by 100mcg/day for TSH > 20mU/L (2,14). 


Congenital Hypothyroidism 

Approximately 1 in 5000 live births is associated with 
congenital hypothyroidism, most usually due to thyroid 
agenesis or dysgenesis (15). Other causes include genetic 
defects of hormone synthesis, maternal treatment with 
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antithyroid drugs or radioactive iodine, and placental 
transfer of maternal TSH receptor inhibitory antibodies. 
Antithyroid drugs and iodides may induce fetal goiter 
large enough to produce tracheal obstruction (16). 
Hypothyroid infants appear normal at birth, but develop 
mental retardation due to the syndrome of cretinism unless 
treated soon after birth. Neonatal screening of TSH is 
essential for early diagnosis and prevention of irreversible 
neurologic damage and has become a universal practice in the 
United States. 


Thyrotoxicosis (Hyperthyroidism) 

The term “thyrotoxicosis” distinguishes excessive serum T4 
and/or T3 from all causes (including, importantly, excessive 
ingestion of levothyroxine, liothyronine, or dessicated 
thyroid hormone), from “hyperthyroidism,” which specifi- 
cally implies excessive active production of thyroid hormones 
by the native thyroid gland. In practice, the term “hyperthyr- 
oidism” is generally used interchangeably with “thyrotox- 
icosis.” Hormonally, the syndrome is defined by suppressed 
serum TSH (usually <0.1 mU/L); if T4 and/or T3 are not 
elevated beyond the normal range but the TSH is suppressed, 
the condition is referred to as “subclinical hyperthyroidism.” 
Prevalence of hyperthyroidism in pregnancy is in the range of 
0.1% to 0.5%, and 85% to 90% of cases are due to diffuse 
toxic goiter (Graves’ disease). As the name suggests, Graves’ 
disease is usually accompanied by a fleshy-consistency goiter 
ranging from minimally enlarged to three to four times that 
of the normal thyroid. Graves’ disease is caused by an 
autoantibody, TSI, which binds to and activates the thyroidal 
TSH receptor, usurping the normal function of TSH in 
unregulated fashion (17). Other than Graves’ disease, possible 
causes of hyperthyroidism in pregnancy include toxic adenoma 
(a solitary, usually large, thyroid nodule with autonomous, 
TSH-independent production of T4 and/or T3), toxic multi- 
nodular goiter (typically with multiple thyroidal nodules or 
regions autonomously producing T4 and/or T3), subacute 
thyroiditis (painless lymphocytic thyroiditis), and excessive 
ingestion of thyroid hormones either prescribed or obtained 
surreptitiously. Trophoblastic tumors associated with very 
high levels of beta-hCG (typically >100,000IU/L) can cause 
hyperthyroidism due to activation of the TSH receptor by 
hCG (18,19). In the first trimester, some patients with 
hyperemesis gravidarum have elevation of T4 and non- 
suppression of T3, in contrast to other conditions with nausea, 
vomiting, and poor oral intake, wherein T3 levels are invariably 
low (20). Sixty percent of patients with hyperemesis have serum 
TSH<0.4mU/L and approximately half have a serum free T4 
elevated above the normal range. TSH and T4 normalize as hCG 
serum levels decline beyond week 20 of gestation. 

Symptoms of thyrotoxicosis include heat intolerance, 
weight loss, anxiety, palpitations, tachycardia, and ex- 
cessive sweating, along with poor exertional tolerance and 
easy fatiguability. Not surprisingly, in many instances, the 
symptoms will be erroneously attributed to those of 
normal pregnancy. Physical clues to the possibility of 
thyrotoxicosis include goiter, proptosis, lid lag, stare, a 
fine resting hand tremor, warm moist palmar skin, and 
generalized hyperreflexia. 
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Maternal—Fetal Risks of Hyperthyroidism 

Untreated maternal hyperthyroidism is associated with several 
adverse outcomes of the pregnancy. Preterm labor occurs in 
up to 88% of untreated mothers, compared with 8% whose 
hyperthyroidism is optimally treated (21). Pre-eclampsia in 
untreated or poorly controlled hyperthyroid mothers occurs at 
approximately twice the frequency as in well-controlled 
hyperthyroid mothers (22), and stillbirth may occur in up to 
50% of untreated mothers, compared with a 0% to 16% risk in 
optimally treated mothers (21). Small-for-gestational age and 
various congenital malformations may occur at increased 
frequency in the neonates of untreated or poorly controlled 
hyperthyroid mothers (17). 


Treatment 

Thionamide drugs are the only treatment, which can be 
recommended with respect to both maternal and fetal health 
during the course of pregnancy and can be used to treat 
hyperthyroidism due to Graves’ disease, toxic adenoma, or 
toxic multinodular goiter. Due to the mechanism of action of 
this class of drug and the pathophysiology of subacute 
thyroiditis (passive leakage of pre-formed T4 and T3 from a 
damaged gland, rather than excess production), thionamides 
are ineffective in the treatment of subacute thyroiditis. 
Propylthiouracil (PTU) and methimazole (MMI) are the 
available thionamides in the United States. The mechanism of 
action of thionamides is interference with the key steps of 
thyroid hormone synthesis (thyroidal organification of iodine 
and coupling of iodotyrosines), by serving as a competitive 
substrate for the thyroid peroxidase enzyme. Accumulation of 
thionamide in the thyroid gland, rather than serum levels 
of drug, is required for optimal effect. Thus, 7 to 8 weeks of 
treatment is usually required before a euthyroid state can be 
expected clinically (23). Both drugs cross the placenta and 
have potential to cause fetal hypothyroidism and, for this 
reason, can be used to treat fetal hyperthyroidism. Historically, 
PTU is preferred over MMI in pregnancy because MMI is 
thought to be associated with a rare congenital scalp defect, 
aplasia cutis. The association is, however, very weak and has 
not been observed in several well-done case-control series. 
Therefore, for patients who do not tolerate PTU, MMI could 
be considered as alternative therapy and is probably 
far preferable to the alternative of no treatment of severe 
maternal hyperthyroidism (2). PTI is given in a dose range of 
50 to 150mg/day orally three times; doses >600mg/day pose 
high risk of fetal/neonatal hypothyroidism. Even at a maternal 
dose of PTU<100mg/day, about one in five neonates have 
above-normal serum TSH at birth (24). To minimize the risk 
of significant neonatal hypothyroidism, the general recom- 
mendation is to titrate treatment of maternal hyperthyroidism 
so as to minimize symptoms, but maintain T4 levels in the 
upper third of the normal range for pregnancy and not 
necessarily normalize serum TSH during the pregnancy (25). 
The lowest possible dose of PTU, which attains these goals of 
treatment, should be maintained if at all possible. Adequacy of 
treatment can be reassessed at 2- to 4-week intervals throughout 
gestation, with adjustment of the PTU dose at about that 
frequency (2). Most authorities recommend not exceeding a 
dose of 450 to 600mg/day PTU. If MMI is used as an alternative 
to PTU, the dose should not exceed 30 to 40mg/day. 
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Unlike PTU, MMI can be effectively administered as a single 
daily dose, which may be of value in patients who have difficulty 
fully adhering to a thrice-daily medication schedule. Adverse 
effects of thionamides include, commonly, skin rashes, most 
characteristically, urticaria. Serious drug-related hepatitis (due 
to PTU) and cholestasis (due to MMI) are possible, and 
periodic monitoring of hepatic transaminases (aspartate 
aminotransferase and alanine aminotransferase) is recom- 
mended. Approximately 1 in 200 users of PTU or 1 in 300 users 
of MMI develop agranulocytosis, which usually declares as 
neutropenic fever. Standard recommendation to patients is to 
seek prompt care and have a complete blood count with 
differential for any febrile illness, while they are taking a 
thionamide drug (26). 

A beta blocker drug can be used during pregnancy as an 
adjunct to thionamide therapy and is especially useful to 
quickly gain control of tachycardia, extreme nervousness, and 
tremor in extremely symptomatic patients. The best-studied 
drug in pregnancy is propranolol, which can be given in a dose 
range of 10 — 40mg/day orally four times. The dose is titrated 
to subjective symptomatic improvement and to heart rate <90 
beats/min. Curtailing the dose to the minimum necessary to 
attenuate symptoms is prudent, as beta blockers may cause 
fetal growth retardation in dose-dependent fashion. If 
possible, delaying the initiation of propranolol until the 
second trimester may also be prudent, because of evidence 
from one study that combined use of thionamide and 
propranolol was associated with a 24% risk of first-trimester 
miscarriage, versus 5.5% miscarriage rate when thionamide 
alone was used (27). Beyond the first trimester, the only 
significant risk of propranolol has been low birth weight. 

Stable low-dose iodide used for 1 to 2weeks in conjunction 
with thionamide therapy appears safe, as long as the dose is 
limited to 6 to 40 mg/day of potassium iodide or equivalent (28). 
The major practical usage of iodide therapy would be in short- 
term preparation of a patient for thyroid surgery in pregnancy 
or to rapidly reduce circulating T4 and T3 in a patient with severe 
hyperthyroid illness. Radioactive iodine, which is a popular 
treatment for Graves’ disease, toxic adenoma, and toxic multi- 
nodular goiter in non-gravid patients, is strictly contraindicated 
in pregnancy, due to concern not only for fetal thyroid ablation 
but also for possible induction of various congenital defects. 

For very severe maternal hyperthyroidism that cannot be 
controlled by PTU or MMI, or for patients unable to take 
thionamides due to serious adverse drug reactions, or for large 
maternal goiter threatening airway obstruction, subtotal 
thyroidectomy prior to gestational week 24 in the second 
trimester is a reasonable consideration (29). Preparation of the 
patient for surgery can include PTU or MMI, if tolerated, plus 
a beta blocker and potassium iodide 6 to 40 mg/day beginning 
10 to 14days preoperatively. The role of iodide in this setting is 
to reduce the vascularity of the thyroid prior to surgery, 
thereby limiting operative blood loss (2). 


Fetal and Neonatal Hyperthyroidism 

Fetal and neonatal hyperthyroidism is caused by placental 
transfer of maternal TSI to the fetus (30). Fetal disease is 
heralded by tachycardia (>160/min), growth retardation, 
goiter, craniosynostosis, and increased perinatal mortality (31). 
Fetal hyperthyroidism can be treated in utero by prescribing 
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PTU 50 to 150mg/day orally three times to the mother, 
anticipating that the drug will cross the placenta and be 
incorporated into fetal thyroid, thereby inhibiting synthesis of 
T4 and T3. Active previously untreated Graves’ disease 
obligates PTU treatment in the mother as well as in the fetus. 
However, a common dilemma involves a mother previously 
treated with radioactive iodine (less commonly, with subtotal 
thyroidectomy) prior to gestation for Graves’ disease who now 
has postablation hypothyroidism, is euthyroid on replacement 
levothyroxine, but who continues to have high-titer TSI. In 
such pregnancies, there is still a finite risk of fetal and neonatal 
hyperthyroidism due to placental transmission of TSI to the 
fetus. A strategy for the detection and treatment of fetal 
disease, and prevention of neonatal disease, is to measure 
maternal TSI titer during the second trimester in mothers who 
have a history of Graves’ disease. A highly positive TSI test 
leads to careful surveillance of fetal growth and heart rate (2). 
For poor growth or excessive tachycardia, the mother 
continues to receive her usual levothyroxine dose but is 
concurrently treated with PTU 50 to 150mg/day three times, 
titrating the dose to fetal heart rate and goiter size as assessed 
by ultrasound at 2-week intervals (31). Neonatal hyperthyr- 
oidism complicates 1% to 2% of pregnancies in women with 
Graves’ disease (32) and manifests as irritability, tachycardia, 
poor weight gain, goiter, and, potentially, heart failure and 
death. T4 and TSH should be measured in cord blood if the 
mother has a history of Graves’ disease. Neonatal hyperthyr- 
oidism is treated with PTU, iodine, and propranolol and 
usually resolves within 1-3 months, as TSIs are cleared from 
plasma. 


POSTPARTUM THYROID DISORDERS 

Graves’ disease commonly spontaneously improves during the 
third trimester and flares in the postpartum period, and may 
first become evident then. The differential diagnosis of 
postpartum thyrotoxicosis is principally between Graves 
disease and postpartum subacute thyroiditis (also known as 
painless lymphocytic thyroiditis), which affects about 5% of 
postpartum women (33). It occurs within the first 3 
postpartum months and produces mild or moderate thyr- 
otoxicosis that lasts up to 3 months, and then either resolves or 
is followed by transient hypothyroidism, which lasts for several 
months and then spontaneously resolves. In up to one-third of 
affected patients, permanent hypothyroidism ensues; such 
cases are difficult to distinguish from Hashimoto’s thyroiditis 
and are usually accompanied by high levels of thyroid 
peroxidase autoantibody. Distinguishing postpartum Graves’ 
disease from postpartum thyroiditis can be difficult. Graves’ 
disease is very likely to be associated with a significant goiter, 
which may be accompanied by a bruit over the thyroid or 
supraclavicular fossa, while postpartum thyroiditis is asso- 
ciated with normal thyroid or minimal goiter, and no bruit. 
Proptosis is not seen in postpartum thyroiditis, so if present 
implies Graves’ disease. Measurement of radioactive iodine 
uptake (RAIU) can be performed if the patient is not nursing; 
uptake is always nearly undetectable (<5% 24-hour RAIU) in 
thyroiditis and is elevated (>30% 24-hour RAIU) in Graves’ 
disease. TSI would only be positive in Graves’ disease, but is an 
expensive and usually unnecessary test. The pathophysiology 
of postpartum thyroiditis involves leakage of T4 and T3 from a 
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damaged gland; thus, thyroid hormones are not being actively 
synthesized, and antithyroid drug therapy with thionamides 
has no rational role. Treatment of postpartum thyroiditis is 
limited to beta blocker for control of symptoms, including 
heart rate, nervousness, and tremor. Close follow-up with 
measurement of TSH and T4 every 1 to 2months is desirable. 
If hypothyroidism occurs and is bothersome to the patient, 
treatment with levothyroxine can be entertained for up to 6 
months. Hypothyroidism persisting beyond 6months post- 
partum is likely to be permanent, and levothyroxine titrated to 
normalization of TSH is desirable at that time. Women who 
experience postpartum thyroiditis during one pregnancy are 
likely to experience recurrences with subsequent pregnancy 
and can be counseled and monitored accordingly (33). 


Thyroid Nodules 

Solitary thyroid nodules occur in up to 15% of women in the 
first trimester and in up to 24% of women in the first 3 months 
postpartum (34). Upward of 90% of such nodules represent 
benign disease (follicular or colloid adenomas), but deserve 
cytologic diagnosis to exclude the possibility of thyroid 
carcinoma. As in non-gravid patients, women in the first 
two trimesters of pregnancy can be evaluated by ultrasound- 
guided fine needle biopsy (35). If cytology confirms papillary 
thyroid carcinoma, the patient could undergo thyroidectomy 
during the second trimester. Alternatively, the size of the lesion 
may be followed by repeat ultrasound at midtrimester. A 
known cancer, which has enlarged significantly, can be 
referred for surgery; if it has remained stable in size, surgery 
is deferred until the patient is postpartum (2). Conversely, if 
cytology is read as “consistent with follicular neoplasm” 
(which conveys an approximately 20% risk of malignancy), it 
is a reasonable practice to delay thyroidectomy until the 
postpartum period. Conclusively benign cytologic findings in 
euthyroid patients provide excellent reassurance, and simple 
long-term clinical follow-up is sufficient. 


ANTERIOR PITUITARY DISORDERS 

Normal Physiology 

Thyrotropin (TSH), corticotropin (ACTH), the gonadotro- 
pins [luteinizing hormone (LH) and _ follicle-stimulating 
hormone (FSH)], prolactin, and growth hormone (GH) 
comprise the hormonal products of the anterior pituitary 
gland. With one key exception, the secretion of anterior 
pituitary hormones is governed by secretion of stimulatory 
hypothalamic releasing hormones, which traverse the pituitary 
stalk via the portal veins. The known hypothalamic releasing 
hormones specific for each of the anterior pituitary are TRH, 
corticotrophin-releasing hormone (CRH), gonadotropin- 
releasing hormone (GnRH, for both LH and FSH), and 
growth hormone-releasing hormone (GHRH) for GH. 
Control of prolactin secretion, in contrast to the other trophic 
hormones, is primarily inhibitory, with the inhibitory signal 
hormone being dopamine of hypothalamic origin, circulated 
to the anterior pituitary via the hypothalamic—hypophyseal 
portal veins in the pituitary stalk. Knowledge of the normal 
hypothalamic stimulatory and inhibitory control of anterior 
pituitary hormone secretion explains common patterns of 
disease. Hypothalamic lesions are frequently heralded by 
deficiency of GH, ACTH, TSH, LH, and FSH and concurrently 
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by hyperprolactinemia. Anatomically large secretory tumors of 
one discrete cell type of anterior pituitary origin usually 
overexpress one hormonal product (ACTH, TSH, or GH) 
producing a clinically recognizable syndrome; compression of 
the pituitary stalk by the tumor may impede communication of 
releasing hormones and dopamine, and therefore such large 
tumors commonly are accompanied by partial hypopituitarism 
and modest hyperprolactinemia. 


Pituitary Adaptations in Normal Pregnancy 

Beginning soon after conception, under the influence of rising 
estrogen concentration, hypertrophy and hyperplasia of 
lactotroph cells result in an approximately 40% increase in 
pituitary volume by term (36,37). In accord with the gain in 
lactotroph cell numbers, serum prolactin increases, usually 
peaking at approximately 200ng/mL during the third trimester 
of pregnancy. Pituitary LH and FSH secretion are inhibited by 
prolactin, due to feedback inhibition of GnRH secretion by 
hyperprolactinemia (38). 

Placental production of a variant GH stimulates elevated 
serum levels of somatomedin-C during the third trimester, 
which in turn inhibits GHRH and native GH of pituitary 
origin secretion in the third trimester (39,40). 

Throughout gestation, serum cortisol levels progressively 
increase, reaching two to three times the non-gravid baseline 
value by term. Some of the increase is accounted for by the 
expansion of the serum pool of protein-bound, biologically 
inactive cortisol due to estrogen-stimulated hepatic synthesis 
of cortisol-binding globulin. However, plasma free cortisol is 
also approximately three times elevated versus the non-gravid 
baseline value and is reflected by 24-hour urinary free cortisol 
values of the same magnitude. 

Because rising concentrations of human chorionic gonado- 
tropin early in gestation transiently usurp control of thyroid 
hormone secretion from TSH, TSH levels normally decline in 
the first trimester, gradually returning to baseline values by the 
third trimester (3,40). 


Pituitary Tumors 

Pituitary tumors, which are most frequently benign adenomas 
of a single cell type, are classified as microadenomas if <1 cm in 
diameter, and as macroadenomas if >1cm in diameter. They 
may be either clinically nonfunctional (in which case, 
immunostaining is commonly positive for FSH), or secretory, 
with prolactin, GH, or ACTH excess. Microadenomas produce 
clinical effects only through hormone excess or hormone 
deficiency caused by feedback signaling, whereas macroade- 
nomas can cause hypopituitarism by either stalk compression 
or displacement of normal anterior pituitary cells and can 
produce symptoms due to mass effect, with headaches due to 
dural stretch, and/or visual field defects due to encroachment 
of optic chiasm (40,41). 

Clinically important pituitary hormone deficiencies during 
pregnancy are secondary hypothyroidism and secondary 
adrenal insufficiency, caused respectively by TSH and ACTH 
deficiency. Prolactin deficiency poses no significant hazard to 
the viability of the pregnancy or to maternal—fetal health; 
however, prolactin deficiency would declare in the postpartum 
period as failure to lactate. Evaluation of suspected hypopi- 
tuitarism or pituitary tumor during pregnancy should include 
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measurement of serum free T4 measurement, assessment of 
cortisol response to injected cosyntropin (synthetic ACTH), 
and magnetic resonance imaging (MRI) (without gadolinium 
contrast) of the sellar region. If there is suspicion of visual field 
compromise based on clinical exam, or if the MRI shows 
encroachment of the optic chiasm, formal visual field 
assessment (Goldman fields) by an ophthalmologist is 
recommended (40). If adenoma resection is required, the vast 
majority can be removed by a transsphenoidal approach (31). 


Hyperprolactinemia 

Hyperprolactinemia is a common endocrine disorder in young 
women and may be responsible for up to one-third of cases of 
infertility. Because hyperprolactinemia suppresses GnRH, 
which in turn results in diminished gonadotropin pulsatility, 
disruption of ovulation and consequent anovulatory bleeding, 
amenorrhea, or luteal phase defects can all occur, and the 
hyperprolactinemia may also produce galactorrhea. Significant 
and persistent hyperprolactinemia may be due to either micro- 
or macro-sized prolactinomas. Modest hyperprolactinemia 
(serum prolactin, 20-50 ng/mL) may be due to microprolacti- 
noma, pituitary stalk compression by a non-prolactinoma 
pituitary tumor, hypothalamic lesions, or a variety of 
dopamine antagonist medications (40). 

Prolactin levels >200ng/mL are virtually certainly due to 
prolactinoma; however, since physiologic hyperprolactinemia 
of pregnancy approaches 200ng/mL, and since lactotroph 
hyperplasia and hypertrophy of normal pregnancy may mimic 
pituitary adenoma, it is rare that prolactinoma would be 
suspected or confirmed during pregnancy (40). 

Because medical therapy or surgical therapy of prolactino- 
ma can be highly effective in restoring ovulatory function to 
formerly infertile hyperprolactinemic women, intended or 
unintended pregnancy in such patients is an entirely likely 
outcome. Drugs used to treat prolactinoma are bromocriptine, 
pergolide, quinagolide (not approved for use in the United 
States), and cabergoline; commonly, when pregnancy is 
recognized, the patient with prolactinoma will be receiving 
one of these agents. What is known about this class of drugs 
during pregnancy is largely reassuring. Bromocriptine and 
cabergoline are classified by the U.S. Food and Drug 
Administration as class B (no definite evidence of harm; 
available information and reported experience indicates 
probably safe for use) in pregnancy. Once pregnancy is 
recognized, a decision about how to manage dopamine agonist 
drug therapy for the duration of pregnancy should be based on 
the tumor size, symptoms, and the natural history of 
prolactinomas during pregnancy. Pooled reported experience 
with 376 patients suggests that only 1.3% of microprolactino- 
mas enlarge sufficiently during pregnancy so as to produce 
clinical symptoms of mass effect (visual compromise or 
intractable headache) (40,42). Given the favorable prognosis, 
recommendation is that drug therapy for microprolactinoma 
be discontinued as soon as pregnancy is confirmed. Neuroi- 
maging during the pregnancy would be recommended only if 
symptoms of visual field defect or intractable headache were to 
occur. Monitoring of serum prolactin during pregnancy is not 
helpful and not advised. Of the previously untreated patients 
with macroprolactinoma, 20% to 25% may develop 
symptomatic tumor enlargement during pregnancy, but if 
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the macroprolactinoma has been previously treated with 
surgery, the risk of symptomatic enlargement is only 2% to 
3%. For the patient who has previously undergone transsphe- 
noidal resection of macroprolactinoma, and who is not 
receiving medication therapy at the time of conception, 
careful follow-up during the pregnancy, with monthly visits 
emphasizing symptoms of headache or visual compromise, is a 
prudent recommendation. Women with macroprolactinoma 
treated with primary medication treatment (no surgery) often 
respond with considerable size reduction of the tumor, are 
able to conceive, and constitute the most problematic group of 
hyperprolactinemic patients in pregnancy for whom generic 
recommendations are made. Consideration is given to simply 
continuing bromocriptine or cabergoline throughout the 
pregnancy, as rapid enlargement of macroadenomas is a risk 
when medication therapy is discontinued. At a minimum, 
careful surveillance and monthly office visits to elicit 
symptoms, and reinstitution of medical therapy or transsphe- 
noidal tumor debulking should be pursued if symptomatic 
tumor enlargement occurs. Formal testing of visual fields in 
each trimester of pregnancy is commonly advised (40,42). 


Acromegaly 

Maternal Effects 

Infertility or hypogonadotropic hypogonadism frequently 
accompany acromegaly, and pregnancy is an unusual enough 
occurrence that there have been fewer than 100 cases of 
pregnant acromegalics reported in the literature. Acromegaly 
is caused by GH excess and is most commonly due to a 
pituitary adenoma. Approximately 80% of recognized acro- 
megalic pituitary tumors are >1cm in size (macroadenomas), 
with the remainder being microadenomas. Characteristic 
clinical findings include enlargement of hands (particularly 
broadening of the digits) and feet, with increased glove, ring, 
and shoe size often reported by patients. Characteristic facial 
features include wide spacing between teeth and prognathism, 
consequent to enlargement of the mandible, frontal bossing 
consequent to the enlargement of frontal sinuses, thick lips 
and broad fleshy nose consequent to soft-tissue expansion, and 
prominent nasolabial folds. Carpal tunnel syndrome, hyper- 
tension, and diabetes mellitus occur with increased frequency 
in actively acromegalic patients (40). 

Confirmation of acromegaly suspected for the first time 
during pregnancy is complicated by the normal increase in 
serum IGF-1 in late pregnancy, and by the GH variant of 
placental origin, which cannot be easily distinguished from GH 
of pituitary origin. Early in pregnancy, a very high serum IGF-1 
would be suggestive of acromegaly, and the diagnosis can be 
confirmed by documenting failure of GH suppressibility (<2ng/ 
mL) during a 75-g oral glucose suppression test. MRI of the sella 
and suprasellar region should be performed to identify and 
assess the size of the responsible pituitary adenoma. By the third 
trimester, definitive diagnosis of acromegaly may reasonably be 
deferred until after delivery (40). 


Fetal Effects 

The limited reported clinical experience with acromegalic 
pregnancies suggests no ill effect on fetal development directly 
attributable to maternal GH and IGF-1 excess. Rather, the 
major fetal risks are likely related to acromegaly-linked 
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complications of diabetes mellitus (which can occur in up to 
20% of acromegalic pregnancies) and hypertension (up to 
35% of acromegalic pregnancies) (43). If observed, these 
complications are managed in usual fashion for the duration of 
the pregnancy. 


Management of the Pregnant Acromegalic Woman 

The most likely clinical scenario involving acromegaly and 
pregnancy is pregnancy in a woman previously diagnosed and 
treated for the disease. She may in fact have been cured by 
transsphenoidal resection of an adenoma; confirmation of 
cure rests with sustained suppressibility of GH to oral glucose 
challenge and normalization of serum IGF-1. If so, pregnancy 
should be managed as a normal pregnancy. For patients not 
surgically cured, the most conventional and effective long- 
term management involves use of a long-acting somatostatin 
analog, either octreotide or lanreotide. Frequently, treatment 
with a somatostatin analog normalizes IGF-1 and restores 
fertility; consequently, pregnancy can occur. The available 
information about pregnancies occurring in treated women 
identifies no adverse fetal consequences (44—46). However, 
because octreotide and lanreotide do cross the placenta (47) 
and because experience with continuation of these drugs 
throughout pregnancy is extremely limited, a conservative and 
mainstream recommendation is to discontinue the somatos- 
tatin analog once pregnancy is recognized (40). Symptomatic 
enlargement of acromegalic pituitary adenomas during 
pregnancy is an uncommon complication (one reported case) 
(48); should this be encountered in the first two trimesters, 
consideration could be given to transsphenoidal resection or to 
reinstitution of somatostatin analog therapy. 


Lymphocytic Hypophysitis 

Late in the third trimester or early in the postpartum period, 
lymphocytic hypophysitis represents a rare cause of hypopi- 
tuitarism or visual field defects. Anatomically, the disorder 
may be suspected by thickening of the pituitary stalk or by 
sellar mass, which cannot be distinguished from a pituitary 
tumor. The diagnosis is definitively established by surgical 
resection or biopsy demonstrating absence of tumor cells and 
diffuse lymphocytic infiltration (40). Clinically, lymphocytic 
hypophysitis is distinguished from Sheehan’s syndrome by the 
absence of obstetric hemorrhage in the former and its presence 
in the latter (49). If surgical biopsy is not undertaken, 
spontaneous resolution may occur (50,51), and attention 
should be given to treatment of hypopituitarism. The limited 
available experience suggests that ACTH deficiency is 
especially common (49), so assessment of the hypothalamic— 
pituitary—cortisol axis is especially important; identified 
deficiency should be treated with a cortisol agonist in standard 
physiologic replacement dose (e.g., hydrocortisone 20mg 
orally in the morning and 10mg in the late afternoon or 
equivalent). 


Sheehan’s Syndrome 

Postpartum pituitary necrosis (Sheehan’s syndrome) results 
from an ischemic insult to the pituitary as a complication of 
peripartum hemorrhage (52) and is distinctly rare in modern 
obstetric practice (53). Physiologic enlargement of the 
pituitary in late gestation, consequent to the physiologic 
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expansion of lactotrophs, seems to render the gland especially 
sensitive to hemodynamic insult. In the setting of known 
obstetric hemorrhage or maternal hypotension during the 
labor and delivery process, Sheehan’s syndrome is suspected 
if postpartum lactation fails to occur. Lactation failure 
heralds possible loss of other critical pituitary hormonal 
function, including ACTH and TSH, which should be 
assessed through appropriate testing. Diagnosis is confirmed 
by MRI, typically demonstrating the absence of a pituitary 
tumor and possibly demonstrating an edematous or hemor- 
rhagic gland. Frequently, deficiencies of ACTH and TSH are 
not evident for years, so long-term follow-up of affected 
women is essential (40). 


POSTERIOR PITUITARY DISORDERS 

In normal pregnancy, the osmotic thresholds for vasopressin 
[arginine vasopressin (AVP), also known as antidiuretic 
hormone (ADH)] release and thirst are lowered, resulting in 
plasma osmolality about 10mOsm/kg lower than that in 
nonpregnant women (54). The metabolic clearance of AVP is 
markedly accelerated by mid-pregnancy, probably owing to 
circulating placental vasopressinase, which degrades AVP. 


Diabetes Insipidus 

Diabetes insipidus (DI) is the inability to concentrate urine, 
owing to AVP deficiency [central or neurogenic diabetes 
insipidus (CDI)] or renal tubular resistance to AVP (nephro- 
genic diabetes insipidus) (55). Causes of CDI include head 
trauma and hypothalamic tumors and other anatomic lesions; 
many cases are idiopathic. Transient forms of CDI may occur 
in pregnancy, owing to unmasking of subclinical disease by 
circulating vasopressinase (56) or to excessive circulating 
vasopressinase in the setting of hepatic dysfunction (57). Other 
causes of polyuria should be excluded by appropriate and 
pragmatic patient assessment. Diabetes mellitus causes poly- 
uria, but if so, it is always accompanied by glycosuria. Urine 
dipstick consistently negative for glucose excludes this 
possibility. So long as thirst sensation is intact, plasma 
osmolality remains normal if patients are able to drink and 
have access to water. In the presence of CDI or nephrogenic 
DI, nonavailability of water or inability of the patient to drink 
because of nausea, vomiting, or impaired cognition will 
quickly result in dehydration and hyperosmolar hypernatre- 
mia. Various forms of dipsogenic DI also occur, but since AVP 
secretion and response are typically normal, a strong clinical 
clue suggestive of dipsogenic DI is significant hypoosmolar 
hyponatremia (as opposed to slight hypernatremia or normal 
serum sodium concentration, which is expected in either CDI 
or nephrogenic DI). Dipsogenic DI is commonly due to a 
primary psychiatric disorder—notably, schizophrenia—or 
may be due to hypothalamic disorders (e.g., neurosarcoidosis), 
which reset the “osmostat” for thirst. 

Cardinal symptoms of DI are polyuria and polydipsia. 
Polyuria must not be confused with increased frequency of 
voiding, which is a common symptom of normal pregnancy. 
Actual polyuria is defined by increased urine volume (more 
than 2.5liters/24hours), in the absence of glycosuria. A water 
deprivation test (55), which includes hourly measurement of 
urine volume and osmolality, body weight, and vital signs, and 
measurement of plasma sodium every 3—4hours, is the “gold 
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standard” traditional method of establishing the diagnosis of 
DI, but may be unnecessary if matched serum and urinary 
sodium, osmolality, and urine volumes reconcile with the 
clinical history. If a water deprivation test is performed, the 
patient should be seated or standing throughout the test, since 
urinary concentrating capacity is compromised during 
pregnancy by the lateral recumbent position. Water depriva- 
tion is achieved by enforced withholding of beverages and 
food, until a clinical endpoint is reached during the test. 
Endpoints justifying termination of water deprivation include 
(i) 3% decrease in baseline (time 0) body weight, (ii) urine 
osmolality rise <30mOsm/kg/hr for 3consecutive hours, or 
(iii) plasma sodium > upper limit of normal reference range. 
Upon attainment of an endpoint, the AVP analog desmo- 
pressin (DDAVP) 0.1mL is administered intranasally, and 
urine osmolality is measured again after 1 to 2hours. In severe 
CDI, maximal urine osmolality increases more than 50% after 
administration of DDAVP. In nephrogenic DI, maximal urine 
osmolality increases significantly less than 50%, and often not 
at all following administration of DDAVP. 

Pregnant women with severe CDI may be treated with 
maintenance dosing of DDAVP, which is not degraded by 
placental vasopressinase. The usual dose is 0.1 to 0.2mL 
(10-20mg) intranasally once daily at bedtime or else twice 
daily. The major clinical risk of DDAVP treatment is excessive 
dosing, with the potential for seizures due to water intoxica- 
tion (severe plasma hypoosmolar hyponatremia). In the 
authors’ experience, this risk is minimized by limiting therapy 
to once-daily dosing, administered at bedtime, deliberately 
allowing a late-day period of breakthrough polyuria. Some 
patients with preexisting CDI may require an increase in the 
dose of DDAVP during pregnancy; therapy can be titrated by 
clinical response of symptoms and further guided by matched 
urine and serum sodium and osmolality. 


ADRENAL DISORDERS 

Normal Glucocorticoid Physiology 

The adrenal cortex produces two hormones of biologic 
importance, cortisol and aldosterone. If cortisol or aldosterone 
production is biologically inefficient due to defective steroido- 
genic enzymes, androgenic precursor steroids may accumulate 
to a physiologically significant degree. Important roles of 
cortisol include sustainment of blood glucose under physio- 
logically stressful or fasting conditions via facilitation of 
gluconeogenesis, modulation of the systemic inflammatory 
response, sustainment of blood pressure, and facilitation of 
renal free water excretion and promotion of renal sodium 
conservation and potassium excretion. Cortisol circulates in 
plasmas in both free and protein-bound forms; the free form is 
biologically active and the protein-bound form represents a 
slow-release reservoir pool. Cortisol-binding globulin (CBG) 
is the predominant binding protein for cortisol, and CBG 
production can be reduced or increased in disease states and 
under a variety of physiologic conditions. Cortisol secretion is 
controlled by circadian pulses of ACTH (in synergy with 
ADH). Normal circadian ACTH fluctuation results in peak 
secretion during the nocturnal hours after midnight, resulting 
in peak serum cortisol between 0600 and 0800hours. 
Throughout the day, ACTH secretion wanes toward nadir 
between 2200hours and midnight, at which time serum 
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cortisol normally does not exceed 5mcg/dL. Signals for ACTH 
release include hypothalamic CRH as well as ADH. CRH and 
ADH secretion is stimulated by physiologic stress and 
hypoglycemia, and CRH and ACTH secretion is inhibited by 
rising concentrations of serum cortisol (negative feedback 
inhibition). 

The other major adrenal cortical steroid hormone, aldos- 
terone, is a mineralocorticoid promoting renal sodium 
reabsorption and potassium excretion, and maintenance of 
extracellular fluid volume and blood pressure. Although 
ACTH stimulates aldosterone secretion, the primary regula- 
tion of aldosterone secretion is via the renin—angiotensin 
signal pathway. Decreased delivery of sodium to glomeruli via 
afferent arterioles in the nephron stimulates renin secretion by 
juxtaglomerular cells. Renin in turn activates the angiotensin- 
converting enzyme, resulting to conversion of inactive 
angiotensin-1 to active angiotensin-2 in the lung; angioten- 
sin-2 is the major stimulant of aldosterone synthesis and 
secretion by the adrenal. Aldosterone in turn promotes renal 
sodium conservation and extracellular fluid volume expan- 
sion, resulting in rising arterial pressure and increasing 
delivery of water and sodium to the proximal nephron. Renin 
secretion is inhibited by increased sodium delivery to the 
afferent renal arteriole, thereby completing the feedback loop 
of the renin—angiotensin—aldosterone axis. 

In pregnancy, total plasma cortisol is increased, not only 
because of estrogen-stimulated increased CBG but also 
because of increased free cortisol. These changes occur early 
and progressively during gestation, increase further during 
labor, and persist for several days postpartum. Suppression of 
CRH and ACTH by exogenous glucocorticoids such as 
dexamethasone is impaired during pregnancy (58). It is 
possible that tissue responsiveness to cortisol is reduced, as 
normal pregnant women do not show physiologic conse- 
quences of cortisol excess. Maternal plasma renin and 
aldosterone are increased throughout pregnancy. The fetal 
adrenal gland (with a large fetal zone) contributes substantial 
dehydroepiandrosterone sulfate, which is converted by the 
placenta to estrogens (59). 


Adrenal Insufficiency 

Adrenal insufficiency in pregnancy has an estimated frequency 
of 1 per 300 births (60). Recognition and treatment of adrenal 
insufficiency has virtually eliminated maternal mortality, and 
the miscarriage rate may be as low as 15% (61). However, 
primary adrenal insufficiency due to autoimmune adrenalitis 
(Addison’s disease) is frequently associated with other 
autoimmune disorders, including antiphospholipid antibody 
syndrome and systemic lupus erythematosus, which indepen- 
dently confer hazard to the pregnancy (62). 

Adrenal failure can result in either disease of the 
adrenocortical tissue itself (primary adrenal insufficiency), 
due to autoimmune-mediated destruction of adrenocortical 
tissue (Addison’s disease), or replacement of normal adreno- 
cortical elements by metastatic tumor or granulomatous 
tissue, or from loss of trophic stimulation of the adrenal 
cortex by ACTH (secondary adrenal insufficiency). Secondary 
adrenal failure may be caused by any anatomic hypothalamic 
or pituitary lesion, including lymphocytic hypophysitis (49). 
In most cases, adrenal insufficiency will have been diagnosed 
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prior to pregnancy, which will then usually be uneventful 
provided maternal therapy is not interrupted. New-onset 
adrenal insufficiency in a pregnant woman may be heralded by 
symptoms such as malaise, salt-craving, orthostatic faintness, 
persistent vomiting, and weight loss (63). Significant hypona- 
tremia is present in over 90% of cases, but may be difficult to 
distinguish from the “physiologic” hyponatremia of normal 
pregnancy. Hyperkalemia, present in about two-thirds of non- 
gravid patients with untreated primary adrenal insufficiency, is 
usually absent in the pregnant patient (64).Definitive diagnosis 
of adrenal insufficiency rests with measurement of plasma 
ACTH and cortisol, and performance of a cosyntropin 
(synthetic ACTH; Cortrosyn) stimulation test. A very low 
early morning (0600-0800hr) plasma cortisol (<3.0mcg/dL) 
accompanied by a plasma ACTH>100pg/mL is adequate to 
establish the diagnosis of primary adrenal insufficiency at any 
stage of gestation (65,66). After drawing basal blood samples 
for ACTH and cortisol, the cosyntropin stimulation test is 
performed by administering cosyntropin 250mcg intramus- 
cularly or intravenously, and drawing blood samples for 
cortisol 30 and 60minutes post-cosyntropin. While cutoff 
points for “normal” and “abnormal” have not been formally 
established for pregnant patients, there is general agreement 
that maximum stimulated cortisol >30mcg/dL, even in the late 
third trimester, is adequate to exclude the diagnosis of adrenal 
insufficiency (66). Likewise, a maximum stimulated cortisol 
<18mceg/dL is adequate to establish the diagnosis of adrenal 
insufficiency with confidence (63). Additional testing of 
patients found to have adrenal insufficiency may include 
measurement of serum 21-hydroxylase autoantibodies (posi- 
tive in 90% of patients with Addison’s disease), and plasma 
renin-to-aldosterone ratio, which will be markedly elevated in 
primary adrenal insufficiency (63). Patients with “normal” or 
“suppressed” ACTH can be evaluated with pituitary imaging 
via non-gadolinium-enhanced MRI, whereas those with 
primary adrenal insufficiency who test negative for 21- 
hydroxylase antibodies can be assessed with MRI of the 
adrenals. Adrenal insufficiency caused by neoplastic or 
granulomatous disease is most usually associated with adrenal 
enlargement, whereas autoimmune disease causes adrenal 
atrophy. 

Treatment of adrenal insufficiency is straightforward and 
largely empiric. Primary adrenal insufficiency obligates 
hormone replacement for both cortisol and aldosterone, 
whereas secondary adrenal insufficiency obligates replacement 
only for cortisol (since the renin—angiotensin—aldosterone axis 
is preserved). For cortisol replacement, a physiologically sound 
surrogate regimen is hydrocortisone 20mg orally in the 
morning and 10mg orally in the late afternoon; a pharmaco- 
logically equivalent alternative glucocorticoid such as corti- 
sone acetate or prednisone may be substituted. As aldosterone 
surrogate, the synthetic mineralocorticoid fludrocortisone 
(Florinef) is used in a dose averaging 0.1mg (range 0.05-0.2 
mg) orally each morning (67). The dose of fludrocortisone can 
be adjusted to maintain blood pressure and plasma potassium 
within the normal range. During labor and delivery, surgery, 
or severe intercurrent illness, supplemental glucocorticoid in 
doses intended to mimic natural stress-stimulated hypercorti- 
solemia is prescribed. A traditional “stress” regimen is 
hydrocortisone 50mg intravenously every 8hours (63). At 
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this dosage, hydrocortisone exhibits sufficient mineralocorti- 
coid agonism that fludrocortisones is unnecessary. 


Cushing’s Syndrome 

Cushing’s syndrome is the consequence of hypercortisolism (68). 
When diagnosed in pregnancy, the predominant cause (60% of 
total) is an adrenal tumor (benign or malignant) (69). Other 
causes include ACTH-dependent Cushing’s syndrome from a 
pituitary adenoma or from an ectopic source, or hypercortisolism 
of an iatrogenic or surreptitious source from exogenous 
glucocorticoids. 

Clinical manifestations of Cushing’s syndrome include 
central obesity, moon-like plethoric face, dorsal cervical and 
supraclavicular fat pads, thin skin with easy bruising and 
wide, deeply recessed, reddish or violaceous striae, proximal 
muscle wasting and weakness, osteoporosis, and hirsutism. 
Hypokalemia, hypertension, and diabetes mellitus com- 
monly complicate Cushing’s syndrome, but are not invari- 
ably present. Anovulatory oligomenorrhea and infertility 
frequently prevent pregnancy, so Cushing’s syndrome during 
pregnancy is an unusual occurrence. However, the presence of 
gonadotropin receptors in pigmented nodular adrenal hyper- 
plasia and in some adrenal adenomas may account for first 
expression of Cushing’s syndrome manifestations during 
pregnancy (69). When pregnancy does accompany Cushing’s 
syndrome, pre-eclampsia, hypertension, miscarriage, premature 
labor, intrauterine growth retardation, and stillbirth are distinct 
risks (58,70). However, neonatal ACTH suppression and adrenal 
insufficiency are rare, and fetal virilization does not occur. Thus, 
most therapeutic attention and diagnostic efforts are directed 
toward maternal health during the pregnancy. 

Accurate diagnosis of Cushing’s syndrome during preg- 
nancy is difficult based on physiologic changes in cortisol 
secretion in normal pregnancy. Ascertaining whether or not 
the hypercortisolism is ACTH-dependent is an important first 
step, and plasma ACTH<10pg/mL establishes ACTH inde- 
pendence (63). In the first trimester, daily cortisol production 
is comparable with the non-gravid state, and 24-hour urine 
free cortisol reflects this. Thus, in the first trimester, 24-hour 
urine free cortisol values distinctly above the normal range 
establish the diagnosis with some confidence. As pregnancy 
progresses into the second and third trimesters, cortisol 
production normally increases, peaking at about three times 
the non-gravid normal range in the third trimester; thus, to 
confirm hypercortisolism in the third trimester, one would 
need to observe 24-hour urine free cortisol well in excess of 
three times the normal upper limit to diagnose Cushing’s 
syndrome with confidence. Salivary cortisol can be collected at 
home by patients and reflects production of cortisol on an 
hour-to-hour basis. Cushing’s syndrome eliminates the 
normal diurnal fluctuation of cortisol production, such that 
the secretory trough normally observed at 2200 to 2400hours 
is lost. Hence, salivary cortisol at midnight significantly above 
the upper limit of the normal range confirms loss of diurnal 
fluctuation and is consistent with Cushing’s syndrome. The 
combination of 24-hour urine free cortisol > three times the 
upper limit of the normal range and elevated midnight salivary 
cortisol possibly represents the optimal means of confirming 
Cushings syndrome in patients in the second and third 
trimesters (63,71). 
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If Cushing’s syndrome is confirmed by 24-hour urine free 
cortisol and midnight salivary cortisol, appropriate adrenal or 
pituitary imaging is performed, based on whether plasma 
ACTH is suppressed or non-suppressed. If the ACTH is <10 
pg/mL, the adrenals should be imaged by non-gadolinium- 
enhanced MRI. For non-suppressed ACTH, the pituitary 
should be assessed by MRI (63). 

Because of the hazards posed by hypercortisolism to the 
pregnancy and to maternal health, treatment during the 
pregnancy is recommended. Adrenal tumors can be resected 
by flank incision, since up to 20% may be malignant. For 
patients with ACTH-producing pituitary adenoma (Cushing’s 
disease), transsphenoidal adenoma resection has been success- 
fully performed in pregnancy (72). If imaging does not localize 
the site of disease with confidence, medical therapy can be 
entertained, although experience with effective drugs in 
pregnancy is very limited. Metyrapone and ketoconazole are 
categorized as FDA class C agents and represent the best 
available alternative treatments for patients whose Cushing’s 
syndrome cannot be treated surgically (63,73). 


Fetal Virilizing Disorders 

Fetal virilization from maternal androgen excess is uncommon 
in pregnancy, since hyperandrogenemia suppresses GnRH and 
gonadotropins and thus is far more likely to cause oligome- 
norrheic infertility or amenorrhea. Rarely, virilizing adrenal 
(74) or ovarian tumors (75) can occur and are generally 
heralded by signs of maternal virilization, including hirsutism, 
male-pattern balding, increasing skin seborrhea, and deepen- 
ing of the voice. 

A more commonly encountered scenario in pregnancy is in 
couples with a prior history of a virilized newborn with 21- 
hydroxylase deficiency, the most common form of virilizing 
congenital adrenal hyperplasia. For couples with a personal or 
family history of 21-hydroxylase deficiency, genetic screening 
is available through GYP21 genotyping. The couple genetically 
at risk may elect prenatal treatment of the mother with 
dexamethasone, at a dose of 20mcg/kg/day of non-gravid 
baseline maternal weight. Chorionic villous sampling per- 
formed at 9 to 11 weeks of gestation is performed to establish 
fetal sex and presence of fetal CYP21 gene (76). Maternal 
treatment is unnecessary for a male fetus or if fetal CYP21 is 
negative. Dexamethasone treatment of the pregnant woman is 
not without risk, as excessive weight gain, edema, impaired 
glucose tolerance or frank diabetes mellitus, or hypertension 
occurs in up to 50% of treated patients (63). 


Primary Hyperaldosteronism 

Just over 30 cases of primary aldosteronism in pregnancy have 
been reported in the past 40years (77). Aldosteronism is 
characterized by suppressed plasma renin accompanied by 
autonomous adrenal secretion of aldosterone, with clinical 
consequences of hypertension, metabolic alkalosis, and 
frequently (but not invariably) hypokalemia. Plasma renin 
activity increases in the first trimester, and steadily throughout 
gestation, reaching levels three to seven times non-gravid 
baseline values by the late third trimester. Likewise, plasma 
aldosterone increases 5- to 20-fold during pregnancy (63). 
Normally, despite high levels of these hormones, maneuvers 
such as plasma volume expansion with saline or administra- 
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tion of synthetic mineralocorticoid result in appropriate 
suppression of the renin—angiotensin—aldosterone axis. Rising 
plasma progesterone throughout gestation is an important 
physiologic antagonist of mineralocorticoids and offers 
protection against maternal hypertension, despite markedly 
elevated levels of renin, angiotensin, and aldosterone. Very low 
levels of plasma renin (approaching undetectable), accom- 
panied by elevated plasma aldosterone in a pregnant woman 
with hypertension or hypokalemia, would establish the 
diagnosis of primary aldosteronism with some accuracy. 
Adrenal imaging with non-gadolinium-enhanced MRI would 
then represent the next step in evaluation; identification of a 
unilateral adrenal nodule would be consistent with aldoster- 
one-producing adenoma. In nonpregnant patients, catheter- 
ization of adrenal veins for measurement of aldosterone and 
cortisol is frequently performed. Such invasive testing would 
be difficult and largely contraindicated in a pregnant patient, 
so consideration may be given to medical management until 
after delivery (78). Amiloride is an FDA class C antagonist of 
aldosterone and may be the drug of choice for treatment of a 
pregnant patient with hyperaldosteronism (79). 


Pheochromocytoma 

Pheochromocytoma is a tumor of the adrenal medulla or 
extra-adrenal chromaffin tissue that hypersecretes catechola- 
mines (80). Prevalence in pregnancy is estimated to be 
approximately 1 in 54,000, and over 200 cases have been 
reported in the literature (81). Typical clinical manifestations 
include sustained or paroxysmal hypertension, pallor, head- 
ache, palpitations, and diaphoresis. Hypertensive crisis can 
occur and is a feared complication. Serious sequelae include 
chest or abdominal pain, which can mimic acute myocardial 
infarction or acute surgical abdomen, seizures, hemodynamic 
shock (due to volume contraction induced by the excessive 
vasoconstricted state, when catecholamine secretory troughs 
occur), and death. Approximately 10% of pheochromocyto- 
mas are familial, including the multiple endocrine neoplasia 
(MEN) 2a and 2b syndromes (with pheochromocytoma about 
half as prevalent as medullary thyroid carcinoma), von 
Hippel-Lindau, and neurofibromatosis syndromes. Timely 
evaluation and definitive treatment of pheochromocytoma in 
pregnancy is essential, as untreated maternal mortality may 
exceed 15%, and if treated, mortality may be as low as 1% (82). 
Abdominal palpation and labor are known provocateurs of 
catecholamine secretion by pheochromocytoma tumors, and 
hypertensive crisis may accompany a secretory surge of 
adrenomedullary hormones. 

Pheochromocytoma is generally suspected based on the 
presence of maternal symptoms, hypertension, or identifica- 
tion of a family history of MEN, von Hippel—Lindau, or 
neurofibromatosis. Elevated plasma catecholamines and 
metanephrines are strikingly elevated and are reflected in 24- 
hour urinary samples for catecholamines (epinephrine and 
norepinephrine) and metanephrines (metanephrine and 
normetanephrine). Most surgically confirmed pheochromo- 
cytomas have been associated with 24-hour urinary secretion 
three or more times the upper limit of normal for one or more 
of these hormones (83). When clinical suspicion is heightened 
by the finding of one or more extremely elevated urinary 
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catecholamines or metanephrines (epinephrine, norepinephr- 
ine, metanephrine, or normetanephrine), adrenal imaging 
with non-gadolinium-enhanced MRI is accomplished, to 
investigate whether there is a unilateral adrenal tumor. 
Characteristically, pheochromocytomas image very bright on 
T2-weighted MRI and may be very helpful in the pregnant 
patient, for whom imaging modality options are limited (84). 

Confirmation of a pheochromocytoma prior to the third 
trimester should lead to expedited surgical evaluation, to 
optimally perform adrenalectomy during the second trimester. 
In the third trimester, surgery is usually deferred until 
postpartum, but the patient is treated medically for the 
pheochromocytoma, and caesarian section is usually planned 
so that the hypertensive crises associated with vaginal delivery 
can be avoided (63). Prior to surgery, or otherwise if the 
patient cannot be treated surgically, drug treatment empha- 
sizes alpha blocker and later beta blockers. The traditional 
alpha blocker drug is phenoxybenzamine 10 to 20mg/day 
orally twice; the drug may be titrated to a maximum dose of 1 
mg/kg/day until symptoms and hypotension are controlled 
(82). After several days of phenoxybenzamine therapy, a beta 
blocker is added, titrating to heart rate control, with two 
caveats. First, because pheochromocytoma hypertension is a 
profoundly vasoconstricted state, successful vasodilation may 
unmask clinical hypovolemia with orthostatic hypotension. 
Orthostatic blood pressure and symptoms should be routinely 
checked in the drug-treated patient. Second, alpha blocker 
drugs are always used first, for several days, to avoid 
theoretically catastrophic unopposed beta blockade, exacer- 
bating vasoconstriction and potentially provoking a hyperten- 
sive crisis (63). After successful surgical resection of a 
pheochromocytoma, 24-hour urinary metanephrines and 
catecholamines should normalize, and medication therapy 
can be gradually tapered to complete withdrawal. 


CALCIUM DISORDERS 

Physiologic Adaptations of Maternal Calcium Metabolism 

in Pregnancy 

Approximately 50% of circulating plasma calcium is ionized 
(free), and the remainder is complexed with plasma protein, 
most significantly albumin. Parathyroid hormone (PTH) is the 
most important determinant of plasma calcium, directly or 
indirectly controlling all routes of calcium intake and egress. 
Direct effects of PTH are on bone, the body’s largest 
endogenous reservoir of calcium, and on kidney, which can 
up- or downregulate calcium egress. In bone, PTH induces 
osteoblasts to release cytokines stimulating osteoclastic resorp- 
tion of calcium and phosphorus from bone, into the circulation. 
In the proximal nephron, PTH induces active reclamation of 
calcium from glomerular filtrate to interstitial fluid and from 
thence to the circulation. Indirectly, PTH also promotes 
absorption of calcium and phosphorus from the gut, by 
inducing the 1-alpha-hydroxylase enzyme in renal epithelium 
to convert comparatively inactive calcidiol (25-hydroxy- 
vitamin D3) to calcitriol (1,25 dihydroxy-vitamin D3), which 
directly activates gut absorption of calcium and phosphorus. 
PTH is exquisitely sensitive to serum-ionized calcium; slight 
decrement in ionized plasma calcium rapidly results in 
increased PTH secretion; conversely, slight increment in 
ionized plasma calcium inhibits PTH synthesis and secretion. 
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Mineralization of the fetal skeleton requires approximately 
30g of calcium by term, about 80% of which accrues during 
the third trimester of pregnancy. This need is met by increased 
maternal absorption of calcium from the gut, medicated 
by calcitriol (1,25 dihydroxy-vitamin D3), as opposed to 
hyperresorption of calcium salts from the maternal skeleton. 
Compared with the non-gravid state, maternal adaptations 
of calcium homeostasis to pregnancy include decreased 
serum PTH, increased PTH-related peptide (PTHrP), and 
increased calcitriol. It is presumed that PTHrP is largely 
responsible for increased calcitriol production. Maternal 
serum calcitonin also increases, but its physiologic signifi- 
cance is unknown (85). 


Hypercalcemia 

Primary hyperparathyroidism (PHP) is the most common 
cause of hypercalcemia and is rare in pregnancy, with about 
150 reported cases (86,87). The only entirely satisfactory 
treatment for this disease is surgical resection of a solitary 
parathyroid adenoma (the most common culprit) or debulk- 
ing of diffuse parathyroid hyperplastic glands; about 0.8% of 
large surgical series of parathyroidectomies were performed in 
pregnant patients (88). While PHP in pregnancy is rare, 
recognition and treatment are important, as maternal 
complications occur in about 67% and fetal or neonatal 
complications in 80% (89). Approximately 80% of pregnant 
women with PHP will have at least one symptom; these 
include nausea, vomiting, abdominal pain, renal colic, 
muscle weakness, mental sluggishness, depression, and bone 
pain (90). Additionally, hyperemesis gravidarum, weight loss, 
seizures, and pancreatitis may occur more frequently in 
women with PHP than in unaffected women (87,88). Fetal 
complications of maternal PHP include stillbirth (approxi- 
mately 2%), neonatal death (approximately 2%), and neonatal 
tetany (approximately 15%) (91). Neonatal tetany results from 
profound suppression of the neonatal parathyroid function by 
maternal hypercalcemia, which is unmasked at the time 
of delivery, when the previous continuous milieu of 
hypercalcemia is rapidly lost. The condition commonly 
persists for 3 to 5months, but permanent neonatal hypopar- 
athyroidism can rarely be permanent (91). 

Optimal management of PHP recognized during preg- 
nancy is parathyroidectomy performed during the second 
trimester (89). Risk of all neonatal complications was 
reduced by 53% as compared with surgically untreated 
patients, in one large reported series (87). Premature labor is 
a distinct risk when parathyroidectomy is delayed until the 
third trimester, occurring in four of seven treated cases in one 
reported series (92). Influencing the decision of whether or 
not to perform surgery should be the awareness that there are 
no evidence-based medical therapies to offer patients as a 
surgical alternative; treatments would be limited to saline 
hydration and high-dose magnesium infusions (93). Neo- 
nates suffering from hypocalcemic tetany are treated with 
oral or parenteral calcium, and calcitriol, as needed until the 
condition resolves. 

Hypercalcemic disorders other than PHP are very rarely 
encountered in pregnancy. Familial hypocalciuric hypercalce- 
mia, also known as familial benign hypercalcemia, was first 
characterized in the early 1970s as an autosomal dominant 
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genetic disorder notable for mild to moderate hypercalcemia 
accompanied by extremely low fractional excretion of calcium 
(ratio of calcium to creatinine clearance <0.01). It is now 
known to result from a mutation of the calcium-sensing 
receptor in both parathyroid and renal tubular tissues. There 
are no maternal consequences of this disorder, but neonatal 
hypocalcemic tetany can occur, with management similar as in 
maternal hyperparathyroidism (85). It is important to 
recognize the disorder for what it is so that maternal 
parathyroidectomy is not attempted. Malignancy-related 
hypercalcemia has only been reported in two pregnant 
patients, with maternal demise occurring within 4months 
postpartum in both cases (94,95). 


Hypocalcemic Disorders 

Apparent hypocalcemia in pregnant patients may simply 
represent physiologic dilutional hypoalbuminemia. If neces- 
sary, measurement of serum ionized calcium can confirm this 
possibility, which is otherwise usually inferred by the 
concurrent findings of slight hypocalcemia and hypoalbumi- 
nemia. The traditional estimate of total serum calcium for 
hypoalbuminemia is to add 0.8mg/dL to measured serum 
calcium for every decrement of serum albumin of 1.0mg/dL 
below the lower limit of the normal laboratory range. True 
hypocalcemia (low serum ionized calcium) is most often 
consequent to hypoparathyroidism (which can be idiopathic, 
but is more often secondary to a complication of thyroid or 
parathyroid surgery) or pseudohypoparathyroidism (heredi- 
tary resistance to PTH). Most often, a pregnant woman with 
these disorders will have come to clinical attention prior to 
becoming pregnant and is likely to already be receiving chronic 
therapeutic intervention. Maternal consequences of severe 
hypocalcemia include oral and acral paresthesias, carpopedal 
spasms, and potentially fatal laryngospasm; fetal consequences 
include skeletal demineralization and possibly hypercalcemia 
due to neonatal hyperparathyroidism. Because maternal PTH 
normally declines during pregnancy, and calcitriol increases 
under the influence of PTHrP, maternal hypocalcemia is 
sometimes ameliorated by pregnancy, and need for oral 
calcium supplements and exogenous calcitriol is reduced 
(85,96). However, this is by no means universal, and careful 
monitoring of maternal serum calcium is important through- 
out the pregnancy. 

Emergent therapy of symptomatic hypocalcemia (seizures 
or carpopedal or laryngospasm) should be treated with 
intravenous infusion of 10% calcium gluconate, 20mL 
intravenously over 10minutes, followed by continuous 
intravenous drip infusion of calcium 0.5 to 2mg/kg/hr, 
adjusted to keep the plasma calcium level at 8 to 9mg/dL 
(97). Oral maintenance therapy of chronic hypocalcemic 
disorders is usually accomplished with synthetic calcitriol 
(Rocaltrol), 0.25 to 0.5mg orally daily to three times daily, and 
calcium carbonate 1 to 2g orally three times a day with meals. 
The dose of calcitriol is titrated as needed at 2- to 4-week 
intervals to maintain plasma serum calcium of 8 to 9mg/dL. As 
noted, pregnancy may either decrease or increase the non- 
gravid maintenance dose, and frequent (every 2—4weeks) 
measurement of serum calcium throughout the gestational 
period is recommended. 
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INTRODUCTION 

Pregnancy has a significant effect on the normal physiology of 
the gastrointestinal tract, and gut-related symptoms are 
extremely common during gestation. In this chapter, a review 
is presented of the common gastrointestinal disorders in 
pregnancy, which may present difficult management pro- 
blems. The treatment of these disorders in the nonpregnant as 
well as the pregnant patient is discussed, so that the reader will 
become familiar with the special diagnostic and therapeutic 
considerations during pregnancy. 


GASTROESOPHAGEAL REFLUX DISEASE AND REFLUX 
ESOPHAGITIS 

Gastroesophageal reflux disease (GERD) results from the 
inappropriate backwash of gastric contents into the esophagus. 
Although this process occurs frequently in asymptomatic 
individuals, it can also result in heartburn and regurgitation. 
Reflux esophagitis is defined as the presence of typical 
symptoms of GERD in conjunction with endoscopic and 
pathologic changes in the esophagus. 


Epidemiology 

The prevalence of symptoms of GERD is quite high in the 
general population. Large-scale surveys have revealed that 
approximately 33% to 44% of adult Americans experience 
reflux symptoms on a twice weekly to monthly basis (1). 
However, the great majority of this group does not seek 
medical attention. Of those individuals who go to a doctor, 
40% to 70% will show endoscopic evidence of esophagitis. 
Gastroesophageal reflux symptoms are extremely common 
during pregnancy and are an important cause of morbidity in 
pregnancy. Reflux symptoms are reported by 40% to 85% 
women during pregnancy (2,3). The incidence of true reflux 
esophagitis is difficult to determine, because large-scale 
endoscopic studies of pregnant women have not been 
performed. 


Defense Mechanisms for Prevention of Gastroesophageal 
Reflux 

There are several defense mechanisms that act to limit 
contact with and damage to the esophagus by gastric contents 
(Table 1). 


1. Lower esophageal sphincter (LES): The LES is 
probably the major protective barrier, preventing 
reflux of food, acid, and secretions from the 
stomach into the esophagus. The LES relaxes in 
response to hormones, foods, and drugs. Some 
patients with reflux esophagitis have decreased 
resting LES pressures or a completely incompetent 


LES; reflux events also occur in patients with 
normal LES pressures, presumably owing to 
transient LES relaxation (4,5). 

2. Esophageal motility and gravity: Contact of the 
esophageal mucosa with damaging substances is 
limited by esophageal peristalsis and gravity, which 
promote clearing. Aperistalsis, as found in scler- 
oderma, contributes substantially to the develop- 
ment of esophagitis in these patients (in addition to 
an incompetent LES). 

3. Saliva: Saliva has also been shown to neutralize acid. 

4. Intrinsic epithelial defense: The esophageal epithelial 
layer has intrinsic defense systems including cell 
membrane and intercellular components, which 
prevent influx of hydrogen ions as well as intracel- 
lular proteins, which function as buffers. 


Pathophysiology 

The pathophysiology of GERD and reflux esophagitis in 
pregnant patients is incompletely understood. It may be 
multifactorial, involving both mechanical and hormonal 
factors. 


1. LES: Some analyses have shown that resting LES 
pressure decreases in pregnancy, in both early and 
late gestations (6,7). In other studies, LES 
pressure was normal in early pregnancy but 
hypofunction of the LES was detected, as 
measured by decreased responsiveness to drugs 
that increase sphincter pressure (8). Decreased 
LES pressure probably results from elevated 
serum estrogen and especially progesterone levels 
during pregnancy (6). 

2. Intra-abdominal pressure: Although increased 
intra-abdominal pressure has been postulated to 
produce reflux, a study of men with tense ascites as 
a model of pregnancy (9) showed an increase in 
LES pressure and no demonstrable acid reflux. 
Thus, the contribution of increased abdominal 
girth in reflux esophagitis is unclear, but the 
relevance of this model may be questioned. 
Intragastric pressures appear to be increased even 
in early pregnancy, and patients with heartburn 
have lower mean barrier pressures (LES pressure— 
gastric pressure) than asymptomatic pregnant 
individuals (10). 

3. Esophageal motility. Normal esophageal motility, 
which helps clear potentially damaging material 
from the esophagus, is altered in pregnancy; 
peristaltic wave speed and amplitude are both 
reduced (11). 
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Table 1 Esophageal Mucosal Defense Mechanisms 


Mechanism Effect 


Barrier 

Promotes clearing 

Promotes clearing 

Acid neutralization 

Cell membrane, inter- and 
intracellular components 


Lower esophageal sphincter 
Esophageal motility 
Gravity (when upright) 
Saliva 

Intrinsic epithelial defense 


Clinical Features 

The clinical features of GERD during pregnancy do not differ 
from those in the general adult population. Classic symptoms 
of GERD include heartburn (retrosternal burning pain) and 
regurgitation. In patients with long-standing reflux esophagi- 
tis, strictures may result, producing dysphagia or difficulty 
swallowing. Severe reflux esophagitis may produce painful 
swallowing (odynophagia), although this is more likely to be 
associated with infectious causes of esophagitis. Acid reflux 
may lead to esophageal dysmotility and atypical noncardiac 
chest pain. Extra-esophageal symptoms may include hoarse- 
ness, chronic cough, laryngitis, asthma, and recurrent 
aspiration. 


Complications 
A variety of complications can result from reflux esophagitis: 


1. Stricture formation 

2. Bleeding 

3. Pulmonary aspiration 

4. Barretts esophagus—Chronic esophageal inflam- 
mation is thought to lead to Barrett’s esophagus, in 
which the normal squamous esophageal epithelium 
is replaced by specialized columnar epithelium. This 
diagnosis is made by endoscopy with biopsy; 
routine surveillance with periodic endoscopic ex- 
amination and biopsies is indicated because of an 
increased risk of esophageal cancer. 


Diagnosis 
During pregnancy, initial diagnosis of GERD is based on 
symptoms, and an empiric trial of therapy may be initiated. 


1. Barium radiography: Barium studies are less sensi- 
tive compared with upper endoscopy for diagnosis 
of reflux esophagitis. They should be avoided 
during pregnancy because of risk of radiation 
exposure to the fetus. 

2. Upper endoscopy: Endoscopy allows direct visualiza- 
tion of the epithelium, and biopsies can be taken for 
histologic analysis. Endoscopy can be safely per- 
formed during pregnancy for evaluation of intract- 
able symptoms refractory to a trial of standard 
medical therapy or complications such as gastro- 
intestinal bleeding. Please refer to the section on 
“Endoscopy and procedural sedation in pregnancy” 
for further discussion. 

3. Esophageal manometry and pH monitoring: These 
studies are rarely used in patients with atypical or 
refractory symptoms to detect reflux and correlate 
symptoms with reflux events. 
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Table 2 Medications Used in Pregnancy for Gastroesopha- 
geal Reflux Disease 


Drug name 


Antacids 

Aluminum-, calcium-, or None 
magnesium-containing antacids 

H2RAs 

Cimetidine 

Ranitidine (preferred) 

Famotidine 

Nizatidine 

Mucosal protectant 

Sucralfate 

Proton pump inhibitors 

Omeprazole 

Lansoprazole (preferred) 

Rabeprazole 

Pantoprazole 

Esomeprazole 

Promotility agents 

Metoclopramide B 


Abbreviations: FDA, Food and Drug Administration; H2RAs, histamine-2 
receptor antagonists. 


FDA category 
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Management with Maternal—Fetal Consideration 


1. Lifestyle modifications: Initial management of GERD 
usually consists of conservative measures such as 
lifestyle modifications and dietary changes. Avoid- 
ance of smoking, late-night meals, and substances 
that decrease LES pressure such as high-fat foods, 
caffeine, alcohol, and chocolate often provide some 
relief. Patients should remain upright after meals to 
minimize reflux of acidic contents, allowing gravity 
to aid esophageal clearance. Elevation of the head of 
the bed by shock blocks helps maintain the 
beneficial effect of gravity at night. 

2. Medications: Various medications are used for the 
management of GERD (Table 2). 


Antacids: Antacids are generally considered safe in preg- 
nancy (12) and are used by 30% to 50% of women for relief of 
reflux symptoms during pregnancy (13). Magnesium-, 
aluminum-, or calcium-containing antacids are not terato- 
genic in animal studies (13). There are limited data on the 
safety and efficacy of antacids during pregnancy. A large 
retrospective study showed an increased incidence of birth 
defects in women who used antacids along with many other 
medications in the first trimester (14); however, no particular 
antacid was specified, and these data have not been verified in 
another study. More recent analyses of pregnant women in 
both the United States and the Netherlands (15,16) indicate 
that antacid use is common; although no obvious increase in 
rare birth defects has been noted, small increases in common 
abnormalities such as spontaneous abortion, cleft palate, or 
low birth weight would be difficult to detect (15). The major 
immediate side effects of large doses of antacids include 
constipation induced by aluminum-containing antacids 
and diarrhea caused by magnesium-based preparations. The 
use of a combination of these medications usually resolves 
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bowel-related problems. Antacids containing sodium bicarbo- 
nate should be avoided because it can precipitate metabolic 
alkalosis and volume overload (17). 

Sucralfate: Sucralfate is FDA pregnancy category B. It is a 
polysulfated salt of sucrose, which binds to exposed proteins 
found in the base of ulcerated mucosa and produces a 
protective coating of the ulcer site. In a randomized controlled 
study, sucralfate-treated pregnant patients (1g three times 
daily) had a higher frequency of remission of heartburn (90% 
vs. 43%) and regurgitation (83% vs. 27%) compared with 
lifestyle and dietary modifications (18). In animal studies, 
sucralfate was not teratogenic with doses up to 50times those 
used in humans (19). 

Histamine-2 receptor antagonists: All histamine-2 receptor 
antagonists (H2RAs) including cimetidine, ranitidine, famo- 
tidine, and nizatidine are classified as FDA pregnancy category 
B. H2RAs have been recently replaced by proton pump 
inhibitors for treatment of reflux esophagitis in nonpregnant 
patients; however, in pregnant patients with GERD, H2RAs are 
the most commonly used and safest medications for those not 
responding to lifestyle modifications and antacids. Generally, 8 
ormore weeks of therapy is required to produce complete 
healing, and recurrences are frequent when medication is 
discontinued. In a study, efficacy of ranitidine once or twice 
daily was compared with placebo in pregnant women (20). 
Only ranitidine 150mg twice daily demonstrated significant 
relief in symptoms and reduction in the use of antacids. No 
adverse pregnancy or fetal outcomes were noted. A surveil- 
lance study in the United States found no increase in the 
incidence of congenital anomalies among infants exposed to 
various H2RAs including ranitidine, cimetidine, and famoti- 
dine (21). Ranitidine is usually the preferred H2RA during 
pregnancy because of the absence of teratogenicity in animal 
studies and documented efficacy in pregnancy. 

Proton pump inhibitors: Proton pump inhibitors (PPIs) 
including lansoprazole, rabeprazole, pantoprazole, and esome- 
prazole are classified as FDA pregnancy category B drugs. 
Omeprazole is the only PPI, which is classified as FDA 
pregnancy category C because of dose-related embryonic and 
fetal mortality observed in animal studies. PPIs act as 
inhibitors of parietal cell H'/K* ATPase (the proton pump 
responsible for hydrogen ion secretion) and are the most 
effective inhibitors of gastric acid secretion. These are the 
drugs of choice in nonpregnant patients for treatment of 
severe erosive reflux esophagitis and can heal esophageal 
lesions that are refractory to treatment with H2RAs. However, 
PPIs have not been extensively used in pregnancy and limited 
safety data are available for their use during pregnancy. A 
recent meta-analysis showed no significant increase in the risk 
of congenital anomalies in pregnant women exposed to 
various PPIs (22). PPIs should be used only in pregnant 
women with refractory symptoms who are not responding to 
H2RAs. Lansoprazole may be the preferred PPI because of its 
lack of teratogenicity in animal studies and limited safety 
reports during pregnancy. 


Conclusion 

GERD and reflux esophagitis in pregnancy should be managed 
in a step-up approach starting with lifestyle modifications. 
Medical therapy should be initiated for those who do not 
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respond to lifestyle and dietary modifications. Antacids and 
sucralfate are considered as first-line medical agents for GERD 
and/or reflux esophagitis. H2RAs should be introduced if 
symptoms persist despite the use of antacids. PPIs should be 
reserved for pregnant patients with refractory symptoms or 
complications secondary to GERD. Antireflux surgery is 
avoided during pregnancy because the symptoms usually 
resolve after delivery. 


PEPTIC ULCER DISEASE 

An ulcer is an injury to or interruption of the mucosal lining of 
the gastrointestinal tract extending through the muscularis 
mucosa. Peptic ulcer disease (PUD) is an important cause of 
morbidity and mortality in the general population; however, 
severity of symptoms and frequency of complications 
associated with PUD decrease during pregnancy (23-25). 


Epidemiology 

The incidence of PUD is low in pregnant women (23-25). It is 
difficult to ascertain the true incidence of PUD in pregnancy 
because diagnostic testing is generally avoided. Symptoms of 
PUD may be attributed to GERD or nausea and vomiting of 
pregnancy with resolution of symptoms upon treatment, 
thereby precluding further testing (26). Patients may also 
avoid medical attention by self-treatment with nonprescrip- 
tion medications for mild to moderate gastrointestinal 
symptoms. 

A number of hypotheses have been proposed for the low 
incidence of PUD in pregnancy. Plasma levels of histaminases 
are increased during pregnancy due to placental synthesis. The 
histaminases can metabolize maternal histamine leading to 
decreased gastric acid secretion during pregnancy (27). 
Increased estrogen levels can result in hypochlorhydria, and 
gestational progesterone may increase synthesis of the 
protective gastric mucous layer (28). Immunologic tolerance 
during pregnancy may permit growth and colonization of 
Helicobacter pylori without immunologic response and muco- 
sal injury (29,30). Maternal avoidance of ulcerogenic factors, 
such as smoking, alcohol, and nonsteroidal anti-inflammatory 
drug (NSAID) use, and reduced psychologic stress may also 
play a role in the decreased incidence of PUD during 
pregnancy (31,32). 


Etiology and Pathophysiology 
The etiology of PUD is complex and multifactorial. The two 
most common causes of PUD are H. pylori infection and use 
of NSAIDs. H. pylori has been implicated in the pathogenesis 
of PUD. Patients who are colonized with H. pylori have 
histologic evidence of antral gastritis, and eradication of 
infection leads to resolution of gastritis. H. pylori survives in 
the harsh gastric environment by the production of urease, 
which neutralizes acid by the generation of ammonia. 
H. pylori also produces protease, which thins the mucous 
layer and allows penetration and damage of the initial layer of 
mucosal defense. Almost all patients with duodenal ulcers, 
and gastric ulcers unassociated with the use of NSAIDs, are 
infected with H. pylori. The healing of ulcers occurs when 
H. pylori is eradicated and, most importantly, relapse of ulcer 
disease is prevented (33). 

Gastric mucosal defenses, including a thick mucous layer 
and the ability of the mucosa to secrete bicarbonate, can 
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resist damage by acid, pepsin, and biliary reflux. Impairment 
or disruption of these protective mechanisms occurs because 
of inhibition of cyclooxygenase, prostaglandin synthesis, and 
mucosal mucous and bicarbonate secretion, leading to 
superficial gastric mucosal injury or gastric ulcer, predomi- 
nantly in the gastric antrum. NSAIDs, including aspirin, 
increase the risk of PUD by inhibiting cyclooxygenase and a 
direct toxic effect on the gastric mucosa. There are several 
factors that influence the risk of developing PUD in patients 
using NSAIDs. The risk is more in patients taking higher 
doses of NSAIDs for a prolonged duration. Other 
risk factors for PUD include cigarette smoking and alcohol 
consumption (34). Cigarette smoking has been shown 
to slow ulcer healing and is associated with a higher rate 
of ulcer recurrence (35) in smokers compared with 
nonsmokers. 


Clinical Features 

Typical symptoms of PUD include epigastric pain, which is 
relieved by food or antacids. Patients often describe a dull 
“gnawing” or burning sensation, which may awaken them at 
night or may occur in the morning before eating or after 
meals. Because the abdominal pain is often relieved by 
eating, patients with PUD may gain weight. Other symptoms 
arise when duodenal or gastric ulcer is complicated by 
hemorrhage, perforation, penetration, or obstruction 
(Table 3). If the ulcer bleeds, the patient may develop black 
or tarry stools (melena) or hematemesis. Ulcer penetration 
into an arterial blood vessel can lead to massive, brisk 
bleeding with rapid transit of blood through the gastro- 
intestinal tract and bright red blood per rectum (hemato- 
chezia). Abdominal pain that radiates to the back indicates 
possible penetration of the ulcer posteriorly through the wall 
of the stomach or duodenal bulb into surrounding organs. 
Duodenal bulb ulcers may penetrate into the pancreas, 
whereas gastric ulcers can erode into the liver or colon. The 
sudden onset of severe pain in conjunction with physical 
findings of an acute abdomen (rebound tenderness, guard- 
ing, absent bowel sounds, and distention) is associated with 
free perforation of the ulcer, which is a surgical emergency. 
Finally, prolonged nausea and vomiting can result from 
gastric outlet obstruction caused by edema and inflamma- 
tion surrounding an ulcer crater located in the prepyloric or 
pyloric region. It is important to note that complicated ulcer 
disease may present with no antecedent history of abdominal 
pain or other symptoms. 

In pregnancy, the signs and symptoms of PUD and its 
complications may be obscured. First, symptoms that are 
consistent with PUD may also be associated with GERD, 
which is quite common in pregnancy. Nausea and vomiting 
indicating the presence of an obstructing ulcer may be 
mistakenly considered to be “normal” pregnancy-related 
symptoms. Because of the morbidity and mortality associated 
with complicated PUD during gestation, a high index of 
suspicion should be maintained for those patients who develop 
nausea, vomiting, and abdominal pain in the second and third 
trimesters. Finally, in the immediate postdelivery period, signs 
of perforation such as abdominal rebound or guarding may be 
absent or decreased due to muscular relaxation, leading to 
delayed or misdiagnosis. 
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Diagnosis 

During pregnancy, barium radiography is contraindicated 
because of risk of radiation teratogenesis. Upper endoscopy 
(esophagogastroduodenoscopy, EGD) is preferred for the 
diagnosis of PUD in both pregnant and nonpregnant patients 
because of a higher sensitivity and specificity when compared 
with barium radiography (30). EGD also has the ability to 
obtain histologic specimens to test for H. pylori infection and 
to exclude malignant gastric ulcer. In pregnant patients, EGD 
should be reserved only for patients with symptoms refractory 
to intensive medical therapy or PUD-related complications 
such as hemorrhage or gastric outlet obstruction. Since 
duodenal ulcers are benign, follow-up endoscopy to document 
complete healing is unnecessary. A significant although small 
percentage of gastric ulcers are malignant. Therefore, EGD and 
biopsy of gastric ulcers with follow-up until complete healing 
is documented is recommended. 

In all patients with documented PUD, the presence of 
H. pylori infection should be determined. Upper endoscopy 
with gastric biopsy for histologic examination is considered 
the “gold standard” for the detection of active H. pylori 
infection. Histologic examination may also reveal changes in 
the gastric mucosa indicative of H. pylori infection, such as 
intestinal metaplasia or dysplasia. Gastric biopsy for detection 
of urease activity (Clotest), an enzyme produced in abundance 
by H. pylori, can also be used for the detection of active 
infection. Noninvasive methods include serologic detection of 
IgG antibodies to H. pylori, stool antigen assay for H. pylori, 
and urease breath test. Antibiotics, bismuth, and PPIs can 
affect the sensitivity of the test results. It is recommended 
to discontinue antibiotics for 4 weeks and hold PPIs for at least 
2 weeks prior to testing for H. pylori infection. 


Management of PUD 

Acid secretion by the parietal cell is controlled by neural, 
paracrine, and endocrine influences. Receptors for histamine 
(H2 receptors) and gastrin are present on the surface of the 
parietal cell; exposure to either histamine or gastrin leads to 
acid secretion. Cholinergic neural signals interact with 
muscarinic receptors to produce acid secretion. In response 
to these and other stimuli, vesicles containing the proton 
pump, or H‘/K* ATPase, fuse to the cell membrane and H* 
ions are secreted into the gastric lumen. Treatment of PUD in 
the general population is primarily directed at blocking the 
interaction of histamine with its receptor. The treatment of 
PUD focuses on (i) healing of the ulcer crater and (ii) 
permanently eradicating H. pylori if present. Healing of the 
ulcer crater can be achieved by 4 to 8 weeks of therapy with 
antacids, H2RAs, or PPIs. 


Table 3 Complications of Peptic Ulcer Disease 


Gastrointestinal bleeding (melena, hematemesis, hematochezia 
if brisk bleeding) 

Perforation (acute abdomen with abdominal distention, rebound, 
guarding, absent bowel sounds) 

Penetration (intractable abdominal pain, pancreatitis, gastrocolic 
fistula) 

Obstruction (nausea, vomiting, early satiety) 
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Management with Maternal—Fetal Consideration 

Antacids are preferred as the first line of therapy for PUD 
during gestation. Most antacids are considered safe in 
pregnancy, particularly those containing magnesium or 
aluminum, because they are not well absorbed systemically 
after oral ingestion. Recommended doses of antacids are 15 to 
30 mL 1 hour after meals and at bedtime. Iron malabsorption 
may result from antacids, and because iron deficiency is 
common during pregnancy, antacids should be administered 
at a different time than iron supplements to avoid this possible 
drug complication (36). 

Sucralfate is FDA pregnancy category B and is a good 
alternative to antacids in pregnancy. It is a preferred drug for 
PUD during pregnancy because it is not absorbed systemically 
and has not been shown to be teratogenic in animal studies (12). 

H2RAs are highly effective in the treatment of PUD. About 
80% of duodenal ulcers in the general population heal after 
treatment with H2RAs (37). All H2RAs including cimetidine, 
ranitidine, famotidine, and nizatidine are classified as FDA 
pregnancy category B. A recent meta-analysis revealed that 
H2RAs are not associated with an increased risk of congenital 
malformations (38). Use of H2RAs in pregnancy is recom- 
mended for refractory PUD, which does not respond to antacids 
or sucralfate, and for complicated ulcer disease (e.g., gastro- 
intestinal bleeding, obstruction). Ranitidine is the preferred 
H2RA because of a better documented safety profile in humans. 

PPIs effectively suppress gastric acid secretion by inhibiting 
the H*/K* ATPase on the surface of the parietal cell. PPIs are 
highly effective in the treatment of PUD. Omeprazole is rated as 
category C during pregnancy because of embryotoxicity without 
teratogenicity in animal studies (19). All other PPIs, including 
lansoprazole, rabeprazole, pantoprazole, and esomeprazole, are 
classified as FDA pregnancy category B drugs. Lansoprazole is 
the preferred PPI during pregnancy because of lack of clinical 
data regarding the safety of newer PPIs. Treatment with PPIs 
during pregnancy should be reserved only for patients with 
refractory or complicated PUD, which does not respond to 
alternative medical therapies, including H2RAs. 


Eradication of H. pylori Infection 

Treatment of H. pylori infection is recommended in the 
general population because the risk of ulcer recurrence is lower 
after H. pylori eradication (39). Triple drug regimen consisting 
of antibiotics and PPI therapy is usually used for treatment of 
H. pylori infection. The recommended antibiotics for eradica- 
tion of H. pyloriinfection during pregnancy include amoxicillin 
(FDA category B), clarithromycin (FDA category C), 
and metronidazole (FDA category B). However, administration 
of antibiotics for treatment of H. pylori infection should be 
avoided during pregnancy. Therapy is usually deferred until 
postpartum because of low risk of complications from 
untreated H. pylori infection during pregnancy and to avoid 
potential fetal risk from exposure to antibiotics. 


HYPEREMESIS GRAVIDARUM 

Definition 

Hyperemesis gravidarum (HG) is a severe and disabling 
condition with potentially life-threatening complications. One 
of the most widely quoted definitions of HG is that proposed 
by Fairweather (40) in 1968, who described this syndrome as 
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“vomiting occurring in pregnancy, appearing for the first time 
before the twentieth week of gestation and of such severity as 
to require the patient’s admission to the hospital, the vomiting 
being unassociated with such coincidental conditions as 
appendicitis, pyelitis, etc.” HG is defined as nausea and 
vomiting in pregnancy, typically in the first trimester, resulting 
in dehydration, weight loss, and electrolyte imbalances severe 
enough to interfere with the nutritional and metabolic status 
of the patient and requiring admission. 


Epidemiology 

Nausea or vomiting is a common symptom occurring in up to 
80% of women during pregnancy (41). HG is a much rarer 
disorder, affecting only 0.3% to 1.5% of pregnancies (42). HG 
is the most common cause of hospitalization during the first 
half of pregnancy. There is an increased risk of recurrence, 
with the risk of HG about 15% in a woman with a previous 
history of HG during pregnancy, compared with 0.7% with no 
prior history of HG (43). Several epidemiologic risk factors 
have been identified (Table 4). 


Pathophysiology 

Although nausea and vomiting in pregnancy and hyperemesis 
have been studied for many years, the etiology of these 
disorders remains obscure. A variety of pathophysiologic 
mechanisms for HG have been proposed. Etiology of HG is 
probably multifactorial, with both physiologic and psychologic 
components. 


Hormonal 
Because of its presentation early in the first trimester, a 
hormonal etiology has been suggested. Serum and urinary 
human chorionic gonadotropin (hCG) levels have been 
compared in emetic, hyperemetic, and non-emetic pregnancies; 
the results of these studies are inconsistent. Some groups have 
found no correlation between hCG levels and nausea and 
vomiting (44,45), whereas others report higher levels in emetic 
vs. non-emetic patients (46). However, increased free beta 
subunit of hCG has been found in the sera of hyperemetic 
patients compared with normal pregnant controls (47). 
Analyses of serum estradiol levels also conflict. Depue and 
coworkers (44) found that estradiol levels and sex hormone 
binding globulin capacity were elevated in hyperemetic patients 
in the first trimester. Others did not show a correlation between 


Table 4 Epidemiologic Risk Factors and Associated 
Conditions in Hyperemesis Gravidarum (HG) 


HG is more common in Western countries 

Ethnicity: Higher incidence in Asians and Africans 

Young age (<20years): HG is more common in younger 
maternal age 

Family history of HG: Increased likelihood of HG 

Parity and multiple gestations: HG is more common in 
nulliparous and multiple pregnancy 

Body mass index (BMI): Low prepregnancy BMI is associated 
with HG 

Coexisting medical conditions: HG is associated with molar 
pregnancy, hyperthyroidism, psychiatric illness, diabetes, 
and asthma 

Prior history of HG: 15% recurrence risk 
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estradiol levels and nausea and vomiting, but these analyses did 
not include many hyperemetic patients (46). 

There is a strong association between HG and abnormal 
thyroid function tests. Transient hyperthyroidism is frequently 
observed in hyperemetic patients (48). In one series, 73% of 
hyperemetic pregnant patients showed an increased free 
thyroxine (T4) index (48). Hyperthyroxinemic patients 
demonstrated tachycardia and weight loss but no other 
symptoms of Graves’ disease. The hyperthyroid state tends 
to be short-lived, resolving by the third trimester, and usually 
does not require treatment. The mechanisms underlying 
transient hyperthyroidism in patients with hyperemesis are 
unknown. hCG has been implicated due to the structural 
similarity between hCG and thyroid-stimulating hormone 
(TSH), which may lead to hCG stimulating thyroid activity. 
Thyroxine and TSH levels in early pregnancy have been 
correlated with the severity of HG symptoms and electrolyte 
abnormalities (49). 


Gastric Dysmotility 

Decreased gastric motility is found to cause nausea. Measure- 
ment of gastric myoelectric activity in women with and 
without nausea in pregnancy revealed a much higher incidence 
of abnormal electrical patterns in nauseated patients compared 
with non-nauseated pregnant women (50); the physiologic 
significance of these findings is unclear. 


Psychogenic 

Psychologic factors have been considered for many years in the 
pathogenesis of hyperemesis. Analyses of the maternal 
relationships of pregnant hyperemetic women have revealed 
a variety of disturbances including over-strong maternal 
attachments (51) or negative maternal relationships (52). 
Persistence of hyperemesis into the third trimester was 
significantly associated with psychiatric symptoms (52). 


Clinical Signs and Symptoms 

Although vomiting may begin before the first missed 
menstrual period, persistent vomiting requiring hospitaliza- 
tion usually peaks between 8 and 12 weeks of gestation (40,51). 
Majority of the symptoms resolve by 20 weeks. Patients usually 
describe typical “morning sickness,” which then becomes 
more severe and persists throughout the day. Intractable 
vomiting may lead to development of complications including 
dehydration and oliguria. Weight loss of more than 5% of 
prepregnancy weight is usually one of the diagnostic criteria. 
Physical examination may reveal signs of dehydration with 
poor skin turgor and tachycardia. Jaundice is occasionally 
present and the odor of ketones may be noted in the patient’s 
breath. Neurologic symptoms include changes in mental status 
ranging from drowsiness to coma, and evidence of peripheral 
neuropathy due to vitamin Beg or By2 deficiency. 


Diagnosis 

The diagnosis of HG is based on the presence of symptoms of 
intractable nausea and vomiting, and any of the several indicators 
of severity including weight loss of more than 5%, ketonuria, 
signs of dehydration, and serum electrolyte imbalances. Evidence 
of major organ dysfunction may be present in more 
severe cases, including neurologic symptoms (Wernicke’s 
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encephalopathy (53) and peripheral neuropathy (54)), renal 
failure, liver dysfunction, or retinal hemorrhage. 

Elevated levels of blood urea nitrogen and creatinine, 
abnormal thyroid and liver function tests, ketosis and 
ketonuria, hyponatremia, hypochloremia, and hypokalemia 
are common laboratory abnormalities. HG is a diagnosis of 
exclusion. It is important to exclude other causes of nausea 
and vomiting such as pyelonephritis, gastroenteritis, and 
acute intra-abdominal conditions including pancreatitis, 
appendicitis, and cholecystitis (51). 


Management 

Treatment for HG is supportive because the condition is 
mostly self-limiting. The principles of management of HG 
include control of nausea and vomiting, correction of 
dehydration and electrolyte abnormalities, psychologic 
support, and prevention and treatment of complications. 


Control of Nausea and Vomiting 

Because of reluctance to use medications, especially in the first 
trimester, patients with uncomplicated nausea and vomiting 
are generally advised lifestyle modifications including small 
meals and avoid ingesting large amounts of liquid; specific 
therapy is usually not required. By contrast, the management 
of HG is challenging and often frustrating. Recurrent 
admissions are common and occur more often in nulliparous 
women (55). 

Antiemetics are commonly used for the management of 
nausea and vomiting during pregnancy, but there are little data 
regarding their safety and efficacy in HG (Table 5). Anti- 
histamines and phenothiazines are considered the most 
effective antiemetic medications. In general, antihistamines 
are considered to have the lowest teratogenic risk. A meta- 
analysis showed no evidence of teratogenicity or other serious 
maternal or fetal adverse outcomes associated with the use of 
antihistamines for nausea and vomiting during pregnancy 
(56). Phenothiazines include prochlorperazine and chlorpro- 
mazine. Isolated case reports have reported cleft palate, 
skeletal, limb, and cardiac abnormalities in association with 


Table 5 Common Antiemetics Used in Nausea and 
Vomiting of Pregnancy 


Drug class Dosage 

Antihistamines 

Promethazine 12.5-25 mg orally, i.m., or rectally 
every 4 hours 

Dimenhydrinate 50-100 mg orally every 4—6 hours or 
50mg i.m. or iv. every 4-6 hours 
(total dose should not exceed 
400mg/day, 200 mg/day if also 
taking doxylamine) 

Doxylamine 12.5mg orally three to four times daily 

Dopamine antagonists 

Prochlorperazine 5—10mg orally or i.v. every 6 hours 
(Max dose 40m¢/day) 

Metoclopramide 5—10mg orally, i.m., or i.v. every 


8 hours 
5HT3 antagonist 


Ondansetron 4-8 mg orally or i.v. every 8 hours 


Abbreviations: i.m., intramuscularly; i.v., intravenously. 
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the use of phenothiazines; however, there is no evidence of 
adverse fetal effects in clinical studies (57). No adverse fetal 
outcomes have been found with the use of metoclopramide in 
animals or humans (57). Recently 5HT3 antagonists (ondan- 
setron) have been shown to have efficacy for nausea and 
vomiting during pregnancy, and their use seems to be 
increasing (58). No adverse effects in animal studies and no 
reported increase in birth defects have been found with the use 
of ondansetron during pregnancy (58). 


Correction of Dehydration and Electrolyte Abnormalities 
Initial therapy should focus on repletion of fluids, usually by 
an intravenous route, and resolution of electrolyte imbalances. 
Chronic or severe hyponatremia must be corrected slowly and 
cautiously to avoid the complication of cerebral pontine 
myelinolysis (54,59). An increase in serum sodium of no more 
than 12mmol/L/day is recommended. 

Repletion of vitamin deficiencies including thiamine is 
critical since prolonged vomiting may lead to severe depletion. 
Thiamine deficiency resulting in Wernicke’s encephalopathy 
should be considered in pregnant patients with mental status 
changes and other neurologic symptoms. All women with HG 
symptoms should be prescribed thiamine supplementation 
(thiamine 50mg orally or 100mg intravenously daily) if their 
symptoms are prolonged for 3 weeks or more. Women with 
HG should take folic acid 5mg daily, once oral intake has 
resumed because of deficiency induced by vomiting. 

When nausea and vomiting have resolved after treatment with 
intravenous fluids, oral hydration is begun slowly and diet is 
advanced from liquid to solid as tolerated (51,60). The cessation 
of vomiting and commencement of normal weight gain are the 
therapeutic endpoints to be achieved. In severe cases, in-hospital 
and even home-based parenteral hyperalimentation can be used 
if nutrition cannot be maintained orally (61). 


Psychologic Support 

Psychologic support is offered by nursing staff and physicians 
depending upon the needs of the patient. Intervention by a 
psychiatrist is recommended if there is evidence of an obvious 
psychiatric disorder (51) or occasionally for patients with 
third-trimester vomiting, which may indicate more serious 
psychologic problems (52). 


Management of Complications 

In the past, HG was regarded as a dreaded complication of 
pregnancy. Maternal mortality was high and primarily caused 
by severe metabolic disturbances. Improvements in fluid and 
electrolyte management have dramatically reduced the 
mortality rate of HG to virtually zero (51). Although 
uncomplicated nausea and vomiting in pregnancy may be an 
indicator of a favorable fetal outcome (62), the effects of 
hyperemesis on the fetus are unclear. A study of hyperemetic 
pregnancies associated with abnormal thyroid function 
indicated a higher than expected rate of premature labor and 
an increased incidence of low birth weight (49). Whether these 
effects were due to hyperemesis or hyperthyroxinemia is 
unclear. Analyses of the birth weights of babies born to 
hyperemetic mothers have been confounded by a varied 
patient population. Fairweather (40) found no change in birth 
weight when he reviewed birth records of a large group of 
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women with hyperemesis. However, others (62,63) have 
subclassified hyperemetic patients into mild versus severe 
disease based on maternal weight loss, heavy ketonuria, 
elevated urea nitrogen or creatinine, and electrolyte distur- 
bances; those with severe hyperemesis gave birth to babies with 
significantly lower weights. Also more growth-retarded babies 
were found in the groups of mothers with hyperemesis and 
weight loss, or hyperemesis requiring multiple admissions (55). 
The risk of congenital anomalies may also be increased. One 
study suggested an increase in minor integumentary defects 
including webbed toes and an extra finger, and skin tags. 
However, the number of patients was small and the possible 
influence of anti-emetic medication was not clarified. 


INFLAMMATORY BOWEL DISEASE 

The inflammatory bowel diseases (IBDs) include two 
disorders, Crohn’s disease (CD) and ulcerative colitis (UC). 
Both illnesses are characterized by inflammation of the 
gastrointestinal tract. Clinical manifestations commonly in- 
clude diarrhea and abdominal pain, and patients may suffer 
multiple exacerbations and remissions. In CD, a transmural 
inflammatory process occurs, which can affect any part of the 
gastrointestinal tract from mouth to anus. On the other hand, 
the inflammatory process of UC is mucosal and is limited to 
the colon and rectum. IBD commonly affects women during 
the childbearing years; therefore, problems in the management 
of these disorders during pregnancy are frequently encoun- 
tered by both the obstetrician and the gastroenterologist. In 
this section, the effect of IBD on fertility and pregnancy 
outcome, and the impact that pregnancy has on the course of 
IBD are discussed, and an approach to the management of 
these disorders in pregnancy is presented. 


Epidemiology 

The incidence of CD is now approximately equivalent to UC in 
North America and Europe. In North America, incidence rates 
range from 2.2 to 14.3 cases per 100,000 person years for UC 
and 3.1 to 14.6 cases per 100,000 person years for CD (64). 
Combined prevalence of CD and UC is approximately 100 per 
100,000 population. The incidence of IBD has a bimodal 
distribution, with the peak age of onset between 15 and 30 years 
of age (65). A second peak in the incidence of IBD occurs 
between the ages of 50 and 80. There is marked geographic 
variation in the incidence of IBD. IBD is more common in 
developed nations compared with countries with poor sanita- 
tion. The regions with the highest incidence of UC include the 
United States, Northern Europe, and Israel. There is no gender 
specificity; however, within the United States, there is racial and 
ethnic variation. Incidence rates are increased in Jews and in 
white versus non-white populations, although the incidence in 
black populations may in fact be increasing (66). 


Etiology 

The etiology of IBD is at present unknown, but is thought to 
be multifactorial (67). A number of infectious agents have 
been postulated to be pathogenic. A bacterium similar to 
Mycobacterium paratuberculosis was isolated from the intestine 
of patients who underwent surgical resection for active CD, yet 
in the majority of patients, this organism cannot be cultured. 
Other potential agents involved in eliciting an immune 
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response have been postulated to include cow’s milk proteins, 
other foods, water, viruses, and smoking, yet none has been 
definitively linked to either disease. Intestinal permeability has 
been shown to be altered in CD; a “leaky bowel” may allow 
translocation of antigens that elicit an immune response. 
Although the antigen that triggers the gut’s immunologic 
response is unknown, there is active research directed at 
understanding the intestinal mucosal immune system in 
normal and affected individuals. The contribution of auto- 
immunity, cytokines, mucosal B and T cells, as well as 
neutrophil function is being actively examined in IBD. 

Genetic factors play an important role as indicated by family 
studies. First-degree relatives of patients with IBD are 
approximately 3 to 20times more likely to develop the disease 
than the general population (68). In one report, children in 
whom both parents had IBD (CD or UC) had up to a 33% 
chance of developing IBD by age 28 (68). Stronger familial 
association has been shown for CD than for UC. Twin studies 
showing disease concordance in monozygotic but not 
dizygotic twins further strengthen the evidence that genetic 
influences play a role in the pathogenesis of CD (67). In a 
study that included 80 twins with IBD, the concordance rate 
for monozygotic twins was markedly higher in CD than UC 
(58% vs. 6%) (69). 

The inflammatory process of UC is confined to the colon. 
This disease may affect the rectum alone, the rectum plus the 
left colon, or it may be pancolonic. By contrast, in CD, 
inflammation can be found anywhere throughout the gastro- 
intestinal tract, from mouth to anus. The commonest sites of 
involvement are small bowel alone (predominantly distal 
ileum) (30%), colon alone (15-25%), or ileocolon (40-55%). 
Perianal and perirectal disease is commonly encountered, 
manifested by fissures, fistulae, and abscesses. 

In UC, mucosal lesions predominate; the muscularis 
propria is rarely involved. Crypt abscesses, in which collections 
of neutrophils invade crypt epithelium and may even be 
present in the crypt lumen, are characteristic of UC, yet may 
also be seen in CD. Evidence of chronic inflammation is also 
apparent with lymphocytic, plasma cell, and eosinophilic 
involvement of the lamina propria. Marked edema, hemor- 
rhage, and pseudopolyps are often found in active UC. By 
contrast, the presence of granulomas and transmural inflam- 
mation with deep ulcerations that extend to the muscularis 
propria are more characteristic of CD. “Skip areas” (interven- 
ing normal mucosa) or rectal sparing are consistent with CD. 


Clinical Signs and Symptoms 

There are both similarities and differences in the presentation 
of UC and CD. Patients afflicted with either disorder may 
present with abdominal pain, diarrhea, weight loss, fevers, and 
malaise. Multiple extraintestinal manifestations accompany 
both illnesses. 


UC 

The inflammatory process characteristic of UC is confined to 
the colon. Some patients initially present with inflammation 
confined to the rectum (ulcerative proctitis); the disease may 
progress during subsequent exacerbations to other areas of the 
colon or may remain in the rectum. Other patients suffer from 
more extensive colitis and may have disease up to and 
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including the cecum. Due to rectal involvement, patients often 
complain of urgency and frequency of bowel movements as 
well as tenesmus. Rectal bleeding and diarrhea are the 
hallmarks of this disease. Abdominal pain is usually mild but 
may be severe in fulminant colitis. In mild cases, physical 
examination may be unremarkable, whereas patients with 
more active disease develop fevers, tachycardia, diffuse 
abdominal tenderness, and occasionally distention. A serious 
complication of acute UC, which may be heralded by the 
appearance of abdominal distention, is toxic megacolon. 
Massive dilatation of the inflamed colon may progress to 
perforation; this is a surgical emergency and requires 
immediate colectomy. A significant long-term complication 
of UC is the development of colon cancer. Patients are at an 
increased risk for carcinoma after 8 to 10 years of disease and 
are screened with yearly colonoscopy. 


CD 

CD is a chronic indolent disorder characterized by multiple 
remissions and exacerbations. Patients commonly present 
with abdominal pain, diarrhea, weight loss, anal pain, and 
drainage. On physical examination, abdominal tenderness and 
inflammatory masses particularly in the right lower quadrant 
and pelvis can be palpated. Because the inflammatory lesion is 
transmural, perianal fissures, internal fistulae between the 
bowel and skin, bladder, or vagina, as well as free perforation 
with abscess formation are common complications. 


Extraintestinal Manifestations 

Both UC and CD are associated with a wide variety of 
extraintestinal manifestations. The “colitis-related” manifesta- 
tions include skin, eye, and joint diseases, which present in 
parallel with recrudescent disease activity. Skin manifestations 
such as erythema nodosum and pyoderma gangrenosum, and 
oral lesions including diffuse aphthous ulcerations may be 
severe enough to require treatment with corticosteroids. 
Arthritic complaints include ankylosing spondylitis, sacroiliitis, 
and peripheral large joint arthritis. Ocular diseases such as 
uveitis, iritis, and episcleritis may be present in approximately 
15% to 20% of patients and may be the initial symptom that 
prompts a visit to a physician. Nonspecific complications of CD 
include a variety of liver diseases such as fatty liver, 
pericholangitis, primary sclerosing cholangitis, hepatic granu- 
lomas, and abscesses. In patients who have had extensive small 
bowel resection, malabsorption may result in deficiency of 
vitamin D and calcium, leading to osteoporosis. Increased 
absorption of oxalate from the gut lumen may lead to enhanced 
urinary excretion and the development of oxalate stones. 


Diagnosis in the Nonpregnant Patient 

In the nonpregnant patient, endoscopy has a pivotal role in 
establishing a diagnosis of IBD. The presence and extent of 
disease tend to be underestimated when radiographic studies are 
compared with direct endoscopic visualization, since subtle 
mucosal abnormalities can only be detected with endoscopy. 
The addition of biopsy adds considerably to the sensitivity and 
specificity of endoscopy in the diagnosis of IBD. Radiographic 
studies are now considered an adjunctive rather than a primary 
diagnostic tool. Small bowel barium radiograms may demon- 
strate terminal ileal narrowing, strictures, and enteric fistulae. 
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This may be useful in the evaluation of stricturing or fistulizing 
CD, and if patients are unable to undergo colonoscopy due to 
medical comorbidities. However, other imaging modalities such 
as small bowel wireless capsule endoscopy, CT, or MRI have 
supplanted the barium radiographic studies for evaluation of 
small bowel involvement in CD. 

Endoscopic evaluation including upper endoscopy (for 
patients who have upper abdominal symptoms suggestive of 
CD), flexible sigmoidoscopy, and colonoscopy provides direct 
visualization of the gut’s mucosa. Characteristic findings of 
ulcerative and Crohn’s colitis include erythema, edema, 
granularity, ulceration, and friability of the colonic epithelium. 
Strictures may result from chronic inflammation. However, it 
is important to emphasize that these findings, while consistent 
with IBD, are not diagnostic, since they may also be found in a 
variety of infectious and other colitides. Abnormalities such as 
aphthous ulcerations and erythema may also be found in the 
upper gastrointestinal tract in CD. Biopsies taken during 
endoscopy may show the presence of granulomas or crypt 
abscesses and may help confirm the clinical impression. 


Diagnosis in Pregnancy 

There are limited data regarding the safety of endoscopic 
procedures during pregnancy. In those patients with un- 
diagnosed abdominal pain, diarrhea, or rectal bleeding in 
whom IBD is suspected, flexible sigmoidoscopy under either 
minimal or no sedation appears to be safe (70). Complete 
colonoscopy usually requires a greater degree of sedation and 
is avoided when possible, although it is safe with appropriate 
monitoring of vital signs and oxygenation. In the pregnant 
patient, all efforts should of course be made to avoid fetal 
exposure to radiation, and radiologic procedures are not 
recommended. However, in emergent situations (when bowel 
perforation, abscess, or toxic megacolon are being consid- 
ered), radiologic examinations may be necessary; there is some 
evidence to suggest that a very low dose of irradiation may 
have no long-term harmful effects (71). 

Stool studies for routine bacterial pathogens (including 
Clostridium difficile) are extremely important in the initial 
evaluation of a patient in whom IBD is suspected. Infectious 
colitides such as those caused by salmonella, shigella, yersinia, 
Campylobacter fetus, Giardia lamblia, and amebae may present 
with an identical picture and demonstrate similar endoscopic 
findings. In patients infected with human immunodeficiency 
virus, organisms such as Mycobacterium avium-intracellulare, 
cryptosporidiosis, isospora, and cytomegalovirus can be ruled 
out with stool cultures and histologic examination of biopsies. 


Management with Maternal—Fetal Consideration 

Critical issues in the management of IBD during pregnancy 
include (i) the effects of pregnancy on the course of IBD and 
(ii) the impact of IBD and its therapy on fertility, pregnancy, 
and fetal outcome. 


Effects of Pregnancy on the Course of IBD 

Early studies in the 1950s and 1960s indicated that pregnancy 
had an adverse effect on the course of UC, yet more recent 
studies dispute these findings. Part of the reason for this 
discrepancy is the realization that the spontaneous risk of 
exacerbation of UC in the nonpregnant patient is similar to the 
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rate of relapse reported for pregnant patients with this illness. 
Pregnant women with IBD are as likely to flare (34% per year) 
as nonpregnant women with UC (32% per year) (72). With 
the advent of more effective medical therapy for UC, it has 
become apparent that pregnancy does not adversely affect the 
course of this disease. Those patients with quiescent disease 
will usually remain inactive (73,74), whereas those with active 
colitis will demonstrate persistent disease or worsen during 
pregnancy (75). 

Patients with quiescent CD are probably not at increased 
risk for precipitating active disease when pregnant (76,77). 
Again, in those patients who are already active, approximately 
two out of three will continue to be ill or will worsen during 
pregnancy (75,77,78). Therefore, patients with IBD are usually 
counseled to avoid pregnancy when in a phase of moderate to 
severe disease activity. 


Effects of IBD on Fertility, Pregnancy, and Fetal Outcome 
Patients with UC demonstrate fertility rates that are compar- 
able with those of the general population (76,78), although 
there are few case-controlled studies. In considering CD, there 
are conflicting reports; some groups have shown that as many 
as 50% of women of child-bearing age are subfertile, 
correlating with disease activity, whereas others have shown 
no difference in fertility rates when compared with the general 
population (76,79-81). Many studies did not account for 
disease activity, the patient’s desire to become pregnant, or 
other risk factors that could decrease fertility. In fact, a recent 
report revealed that fertility may not be impaired in women 
who wished to conceive; there was a voluntary decrease in the 
number of pregnancies, arising from a desire to avoid 
pregnancy because of illness (79). Men with IBD who take 
sulfasalazine may show diminished fertility due to direct toxic 
effect on sperms (82). 

The risk of spontaneous abortion in patients with quiescent 
CD or UC is probably no higher than that in the general 
population (75), but in several studies it has been shown to be 
increased as much as twofold in those patients with active 
disease (72,83,84). Reports indicate that IBD predisposes 
patients to a significant risk of preterm delivery (79), as 
defined by birth before 37 weeks of gestation. Therefore, 
vigilant monitoring of patients in the third trimester is 
recommended. Fortunately, once pregnancy occurs, the 
likelihood of a normal fetal outcome is identical to that in 
the general population. In almost all studies, the incidence of 
small-for-gestational-age babies and congenital defects was 
not increased, even in those patients on multiple medications 
such as steroids and sulfasalazine. 


Management of IBD in Pregnancy 

To improve the likelihood of a favorable outcome, patients are 
generally encouraged to avoid pregnancy during periods of 
disease activity if this is at all possible. Numerous retrospective 
analyses have ascertained that patients with IBD can be 
successfully treated without adverse effect to the mother or 
fetus. Medications should be reduced to the minimal amount 
required. In reports in which low birth weight or congenital 
anomalies were detected, it was often difficult to ascertain 
whether the severity of the bowel disease or the medications 
used were the major contributor. 
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Aminosalicylates are one of the cornerstones of medical 
therapy of IBD and are considered low risk for use in 
pregnancy. Most are pregnancy category B (sulfasalazine, 
mesalamine, and balsalazide) with the exception of olsalazine, 
which is category C. Sulfasalazine contains a sulfapyridine 
residue linked to 5-aminosalicylic acid (5-ASA), the active 
moiety. Its mechanism of action is unknown, but it has been 
shown to inhibit production of leukotriene B4, an important 
mediator of inflammation, block prostaglandin production, 
and inhibit immunoglobulin secretion by mononuclear cells. 
Sulfasalazine crosses the placenta (85) and is found in breast 
milk, although in low concentrations. Serum levels of 
sulfasalazine in newborns are the same as in the mother 
(86). This drug is thought to be safe during pregnancy (87). 
There are a few case reports of congenital defects in infants of 
treated patients; however, a population-based study did not 
find a significant increase in congenital abnormalities in 
children of women treated with sulfasalazine (88). Its efficacy 
in maintaining remission in UC makes its continuation during 
pregnancy an important consideration. Patients are usually 
tapered to the lowest dose that is effective in suppressing 
disease activity. Sulfasalazine has anti-folate effects, and it is 
recommended that women take folate supplementation of at 
least 2mg daily during the prenatal period and pregnancy. 

Because of multiple side effects associated with the 
presumably inactive sulfapyridine moiety, both topical and 
oral agents that contain only 5-ASA have been developed. 
Topical therapy with 5-ASA (mesalamine) enemas is an 
effective treatment for acute proctitis or proctitis with left- 
sided colitis. In addition, several oral forms of 5-ASA 
(Pentasa®, Asacol®, and Dipentum®) have been released for 
treatment of both CD and UC. These drugs contain 5-ASA in 
formulations that prevent their premature absorption from 
the gastrointestinal tract. A number of studies have established 
the safety of oral and topical aminosalicylates in pregnancy 
(89-91). A meta-analysis of mesalamine formulations used 
during pregnancy demonstrated no increased risk for con- 
genital malformations, stillbirths, spontaneous abortions, 
preterm delivery, or low birth weight with the use of 
mesalamine (92). Thus sulfasalazine and 5-ASA drugs can be 
used during pregnancy as in nonpregnant women with IBD. 

Corticosteroids, including budesonide, are pregnancy cate- 
gory C. Steroid therapy is frequently used in the treatment of 
moderate to severe and fulminant UC, and moderate to severe 
active CD. In severely ill, hospitalized patients, high doses of 
intravenous steroids are employed to control bowel inflam- 
mation. Corticosteroid enemas are important topical agents 
for the treatment of proctitis and left-sided colitis. The major 
side effects associated with long-term corticosteroid therapy 
(such as cataracts, osteoporosis, diabetes, and hypertension) 
make it imperative that patients be tapered off this medication 
as soon as possible. Unfortunately, some patients with IBD 
require long-term corticosteroid use to treat persistently active 
disease; in these patients, a trial of an immunosuppressive 
agent such as 6-mercaptopurine (6-MP) or azathioprine 
(AZA) may be used to facilitate steroid tapering. 

Evidence suggests that steroids should be used with caution 
in the first trimester because of an association with an 
increased risk of oral clefts (93). A number of studies showed 
no adverse effects on fetal outcome in women who took 
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corticosteroids during pregnancy (94,95). A meta-analysis of 
five studies of oral corticosteroid use did not reveal a major 
teratogenic risk of major malformations in the offspring of 
exposed patients at therapeutic doses (95). A significant 
increase was noted in risk of oral clefts (OR 3.69; 95% CI, 
2.15-6.32); however, the increased risk appeared to be in 
women taking steroids for non-IBD diseases such as asthma. A 
case series of eight patients receiving budesonide during 
pregnancy demonstrated no increase in maternal adverse 
events (96). Corticosteroids also appear to be safe during 
breast-feeding (97). As in their nonpregnant counterparts, 
pregnant patients should be taken off steroids if at all possible, 
yet treatment during pregnancy can be safely initiated or 
continued as needed to control disease activity. 

Immunosuppressive agents such as 6-MP and its prodrug AZA 
are primarily used to maintain remission in UC and CD. These 
agents are often used as steroid-sparing agents to facilitate 
discontinuation or dose reduction of steroids. 6-MP and AZA 
are pregnancy category D. Animal studies show teratogenicity 
with increased rates of cleft palate and skeletal anomalies (98). 
However, in these studies, animals were exposed to significantly 
higher doses than those used in humans. Limited data exist 
regarding the long-term adverse effects that may result from the 
use of these medications in IBD. However, regarding usage in 
pregnancy, there is a large body of data from the transplant 
population, which indicate that treatment with these agents is 
surprisingly well tolerated. The doses used for treatment of UC 
and CD are much lower than that used in transplant patients. 
Few studies also indicate their relative safety in pregnant IBD 
patients (99,100). It is reasonable to continue these drugs during 
pregnancy in patients who cannot be managed with other 
alternative medications. 

AZA and 6-MP are detectable at low levels in breast milk. 6- 
MP excretion in breast milk occurs within the first 4 hours 
after intake (101). Mothers taking these medications should be 
discouraged from nursing; however, there is no absolute 
contraindication to breast-feeding. Lactating mothers are 
advised to wait 4 hours after dosing to feed. 

Methotrexate is a pregnancy category X drug. Methotrexate is 
a folic acid antagonist and should not be used in women 
considering conception. It is contraindicated in pregnancy 
because of its mutagenic and teratogenic effects. Methotrexate is 
associated with multiple congenital anomalies including cranio- 
facial malformations and central nervous system abnormalities, 
including anencephaly and mental retardation (102). 

Antibiotics are frequently used in the treatment of CD. 
Particularly, metronidazole is useful in the treatment of 
perianal complications such as fistulae or abscesses. Metroni- 
dazole is pregnancy category B. A number of studies have 
demonstrated that metronidazole is not associated with an 
increased risk of birth defects or cancer in humans (103,104). 
However, long-term use in pregnancy remains controversial 
due to its teratogenic and carcinogenic potential. Breast- 
feeding should be withheld for 12 to 24 hours if a single dose of 
metronidazole is given. Long-term use of metronidazole 
should be avoided during breast-feeding due to potential 
toxic effects. 

Biologic therapy has opened a new era in the treatment of IBD. 
All three biologic agents including infliximab, adalimumab, 
and certolizumab are pregnancy category B. These agents inhibit 


GASTROINTESTINAL DISEASES AND PREGNANCY 


the activity of tumor necrosis factor and are used for induction 
and maintenance of remission in IBD patients. Data on the safety 
of infliximab in pregnancy are limited; however, no maternal 
toxicity, embryotoxicity, or teratogenicity to infliximab has been 
observed. The two largest studies are the Crohn’s Therapy, 
Resource, Evaluation, and Assessment Tool (TREAT) registry 
and the Infliximab Safety Database (105,106). The TREAT 
registry is a prospective, multicenter study of CD patients. Of 
more than 6200 patients enrolled, 117 of 168 pregnancies were 
exposed to infliximab. No fetal malformations were seen. 
Miscarriage and neonatal complication rates were not statistically 
significant between the infliximab-exposed and unexposed 
group (105). The Infliximab Safety Database is a retrospective 
database that records voluntary adverse event reports associated 
with infliximab use. The expected versus observed outcomes 
among women exposed to infliximab were reported no different 
than those of the general population (106). Ina recent case series, 
infliximab remained undetectable in breast milk while maternal 
levels remained in the therapeutic range (107). Case reports have 
also described successful use of adalimumab in women with CD 
and pregnancy (108-110). 


Special Considerations—Surgical Management, Pregnancy with 
Tleostomy, or Ileoanal Anastomosis 
Despite advances in the medical management of IBD and 
improved therapy during pregnancy, surgical treatment is 
occasionally necessary. Emergent colectomy may be indicated 
for fulminant colitis unresponsive to medical therapy or for 
complications of UC such as toxic megacolon and colonic 
perforation. Morbidity and mortality rates for both fetus and 
mother are unknown; although there are scattered case studies of 
successful surgical intervention, fetal deaths have been reported. 
Fertility and fecundity (rate of conception per menstrual 
cycle) are decreased after surgery for CD and colectomy with 
ileal pouch anal anastomosis for UC (111,112). Ileostomy may 
predispose to intestinal obstruction, which may be difficult to 
recognize, since abdominal pain may be mistakenly attributed 
to uterine contractions. An increased frequency of nocturnal 
stooling was noted in patients with ileoanal pouches (113). 
Patients may undergo vaginal or cesarean delivery and fetal 
outcome seems unaffected by the presence of an ileostomy or 
ileoanal anastomosis. 


PANCREATITIS 

Acute inflammation of the pancreas, or pancreatitis, is rare in 
pregnancy, ranging in incidence from 1 case per 1000 to 1 in 
10,000 pregnancies occurring usually late in the third trimester 
or early in the postpartum period (114-116). Acute pancrea- 
titis can cause significant fetal and maternal morbidity and 
mortality including premature delivery, shock, sepsis, and 
multiorgan dysfunction syndrome. Management of this 
disorder in pregnancy is often complicated and requires 
careful monitoring of the mother and fetus. 


Etiology and Pathogenesis 

The etiology and pathogenesis of acute pancreatitis are similar 
to those in the nonpregnant population (Table 6). Chole- 
lithiasis is the most frequent cause of acute pancreatitis during 
pregnancy accounting for more than 70% cases (117). Weight 
gain and hormonal changes during pregnancy predispose to 
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Table 6 Etiologies of Pancreatitis 


Gallstones (most common) 

Hypertriglyceridemia 

Alcohol 

Obstruction (tumors, strictures) 

Drugs (diuretics, azathioprine, sulfonamides, metronidazole, 
estrogens, valproic acid) 

Trauma (blunt or penetrating abdominal injury, ERCP, surgery) 

Viruses (mumps, hepatitis B, Coxsackie) 

Metabolic (hypercalcemia, hyperparathyroidism) 

Pre-eclampsia/eclampsia 

Idiopathic (20% cases) 


gallstone formation (118). Cholesterol secretion in bile 
increases during pregnancy leading to a supersaturated bile. 
Changes in serum hormonal levels may also result in bile 
stasis, which in turn favor stone development. Acute 
pancreatitis may be precipitated when gallstones become 
impacted at the ampulla of Vater or pass into the duodenum 
initiating premature activation of intracinar trypsinogen to 
trypsin (119). Release of activated digestive enzymes into the 
pancreatic parenchyma may result in autodigestion and injury. 

Hypertriglyceridemia (serum triglyceride levels > 1000 mg/dL) 
is the second most common cause of acute pancreatitis during 
pregnancy. Hyperlipidemic pancreatitis accounts for 4% to 6% 
of cases with the majority of cases being associated with either 
type I or V familial hyperlipoproteinemia (117). During 
pregnancy, triglyceride levels elevate due to increase in estro- 
gen-induced synthesis (120). In women with familial hyperlipi- 
demias, further elevation of serum lipid levels during pregnancy 
leads to an even higher risk of pancreatitis. In patients with 
hypertriglyceridemia, it is postulated that pancreatic lipase 
becomes activated and releases fatty acids into the pancreas, 
producing inflammation, or that vascular obstruction results 
from blockage of vessels by fat globules (121). 

Alcohol causes pancreatitis probably due to a direct toxic 
effect. Patients who have pancreatic duct obstruction from 
strictures, tumors, or other lesions may develop pancreatitis 
because of backflow of pancreatic juices into the gland, although 
the mechanism of enzyme activation in the pancreas is unclear. 
Pre-eclampsia or eclampsia is a rare cause of pancreatitis with its 
microvascular abnormalities that may affect the hepatic, 
splanchnic, renal, and placental circulation (117). 


Clinical Signs and Symptoms 

Acute pancreatitis can be divided into mild and severe or 
necrotizing pancreatitis. The presenting signs and symptoms 
of pancreatitis in pregnant patients are similar to those in the 
nonpregnant population. Characteristic symptoms include 
acute abdominal pain radiating to the back and associated with 
nausea and vomiting. Abdominal pain may worsen while lying 
flat or improve after assuming a forward or fetal position. 
Obstruction of the common bile duct as it courses through the 
head of the pancreas can lead to jaundice. Fever, pleuritic pain, 
and shock may result from peripancreatic fluid collection and 
pancreatic parenchymal hemorrhage. Physical examination 
may reveal epigastric tenderness, guarding and rebound, 
decreased, or absent bowel sounds, ecchymosis of the flank 
(Grey-Turner’s sign) or periumbilical region (Cullen’s sign) 
and ascites. Several other diseases such as duodenal ulcer 
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perforation, cholecystitis, hepatitis, bowel obstruction, dia- 
betic ketoacidosis, and pre-eclampsia may share a similar 
presentation (122). 


Diagnosis 

Typical symptoms of severe acute epigastric pain radiating to 
the back, nausea, and vomiting in conjunction with elevated 
serum amylase and/or lipase levels strongly suggest the 
diagnosis of pancreatitis. Pregnancy does not affect serum 
amylase or lipase levels; therefore, marked elevations in 
amylase and lipase levels are reliable markers of acute 
pancreatitis during pregnancy (117). However, there are many 
other pathologic states in which these enzymes may be elevated, 
since organs other than the pancreas synthesize and release 
amylase. Bowel ischemia or obstruction, perforated viscus, 
ovarian/tubal diseases such as salpingitis or ruptured ectopic 
pregnancy, cholecystitis, and a variety of salivary gland and 
pulmonary diseases (mumps, pneumonia) may also lead to 
elevations in serum amylase and lipase. Elevation of serum 
alanine aminotransferase to more than three times the upper 
limit of normal is a high sensitivity for biliary pancreatitis (123). 

The severity of pancreatitis can be predicted to a certain 
extent by using Ranson’s criteria, a series of biochemical 
parameters (124). Poor prognostic signs include (at presentation) 
age greater than 55 years, white blood cell count greater than 
16,000/mm?, glucose concentration greater than 200m¢/dL, 
lactate dehydrogenase level greater than 350IU/L, and serum 
glutamic-oxaloacetic transaminase level greater than 250IU/L. 
Within 48 hours of presentation, a decrease in hematocrit of 
more than 10%, a drop in serum Ca** level below 8mg/dL, 
arterial oxygen pressure less than 60mmHg, base deficit 
greater than 4mEq/L, rise in blood urea nitrogen level of greater 
than 5mg/dL, or fluid sequestration of more than 6liters may also 
indicate more severe disease. 

Ultrasonography, without fetal radiation, is the initial test of 
choice to detect gallstones with a high accuracy during 
pregnancy. However, if common bile duct stones or biliary 
sludge are suspected based on ultrasound examination or 
biochemical abnormalities, a more invasive test may be 
required such as endoscopic ultrasonography (EUS) or 
magnetic resonance cholangiopancreatography (MRCP), 
which can provide an adequate view of the bilio-pancreatic 
duct anatomy. EUS and MCRP do not involve radiation and 
are often the tests of choice for detecting CBD stones. 
Computer tomography (CT) scan is not recommended during 
pregnancy as it carries a small radiation risk to the fetus. 
Endoscopic retrograde cholangiopancreatography (ERCP) is 
no longer widely used as a diagnostic study due to its post- 
procedure pancreatitis risk, radiation exposure, and the 
availability of newer and safer techniques such as EUS and 
MRCP (119). Performing diagnostic EUS or MRCP helps to 
identify patients who require therapeutic ERCP. 


Complications 

Maternal Complications 

Patients with pancreatitis may develop hypovolemia and shock 
due to fluid sequestration and prolonged nausea and vomiting. 
Hypocalcemia may occur, possibly owing to entrapment of 
calcium in necrotic pancreatic tissue. Other metabolic 
abnormalities include hypochloremic alkalosis resulting from 
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vomiting. Severe pancreatitis may result in disseminated 
intravascular coagulation and adult respiratory distress 
syndrome. 

Pancreatic pseudocyst is a collection of pancreatic fluid 
within a fibrous cavity; its presence may be heralded by 
persistent abdominal pain or chronically elevated amylase 
levels. Infected pancreatic necrosis must be considered if 
patient develops fever and leukocytosis. A CT scan or 
ultrasonogram (the latter is preferable in the pregnant patient) 
may reveal the presence of fluid and necrosis in the pancreas, 
but cannot determine whether or not there is concomitant 
infection. The diagnosis of infected pancreatic necrosis is 
therefore usually made on clinical grounds. Hemorrhagic 
pancreatitis due to necrosis and blood vessel rupture may lead 
to massive bleeding. Pancreatic ascites results from rupture of 
pancreatic ducts with leakage of amylase-rich fluid into the 
peritoneum. 

Over the years, the maternal mortality rate associated with 
pancreatitis has significantly decreased. Older reviews reported 
a very high mortality rate of up to 37% (125); however, more 
recent studies have shown no maternal mortality attributed to 
acute pancreatitis (126,127). The improvement in the out- 
come of pregnant patients with pancreatitis is mainly due to 
earlier diagnosis with better imaging and less invasive 
therapeutic options including ERCP and laparoscopic chole- 
cystectomy. 


Fetal Complications 

Premature labor is the main cause of adverse fetal outcomes in 
pancreatitis during late pregnancy (116). The rates of preterm 
delivery ranged between 15% and 19% (128). Fetal growth 
restriction can occur but may in part be avoided by the use of 
total parenteral nutrition (TPN). Fetal loss rate of 4.7% has 
also been reported (119). 


Management with Maternal—Fetal Consideration 

The treatment of acute pancreatitis in pregnancy follows the 
same guidelines as in the nonpregnant patient. The manage- 
ment is primarily supportive and aimed at correcting any 
underlying predisposing factors. Close observation is impera- 
tive, keeping in mind that multiple organ systems may be 
affected. The treatment of gallstone and hyperlipidemic 
pancreatitis in pregnancy deserves special consideration and 
is discussed separately. 


General Measures 

The general management of uncomplicated acute pancreatitis is 
mainly supportive including bowel rest, fluid resuscitation, 
correction of electrolyte and metabolic abnormalities, and pain 
control. Volume depletion is frequently encountered due to 
vomiting and fluid sequestration into the retroperitoneum. 
Aggressive intravenous fluid replacement is necessary to prevent 
pancreatic necrosis and systemic complications. Patients are 
given nothing by mouth for bowel rest. Fluid and electrolyte 
balance is closely observed; in particular, correction of 
hypocalcemia and hypomagnesemia may be necessary. Abdom- 
inal pain is a prominent feature in acute pancreatitis and may be 
severe requiring analgesics. Intravenous opiates may be used 
cautiously for pain control during pregnancy. Meperidine and 
fentanyl are the preferred analgesics during pregnancy (129). 
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Prophylactic antibiotics are not routinely recommended 
in uncomplicated pancreatitis if there is no evidence of 
infection (130). Although therapeutic delivery has been 
considered in the past, recent literature suggests that termina- 
tion of pregnancy does not affect the outcome of acute 
pancreatitis and is not recommended (131). 


Nutrition 

In mild pancreatitis, oral intake should be initiated when pain 
subsides and advanced as tolerated. Patients with a prolonged 
course due to severe pancreatitis or its complications may be 
unable to eat even after several days of hospitalization. To 
ensure adequate fetal growth and maintenance of maternal 
nutrition, TPN can be instituted (132-134). Most of the 
reported complications of TPN in pregnancy are the same as 
those found in the nonpregnant patients and are mainly 
catheter related, including sepsis and thrombosis. The rate of 
maternal complications such as septic complications second- 
ary to centrally inserted central venous catheters for TPN is 
greater than that in the nonpregnant patients. Thus, 
peripherally inserted central venous catheters may be prefer- 
able for parenteral nutrition during pregnancy (119,129). 
There are no reports of adverse fetal outcomes related to TPN 
in pregnant patients. Enteral nutrition (EN) via nasojejunal 
feeding is preferable compared with TPN (129). EN has been 
shown to be associated with fewer infectious complications, 
shorter hospital stay, and reduced surgical interventions in 
patients with acute pancreatitis (135). EN helps to maintain 
intestinal barrier and prevents bacterial translocation. Mon- 
itoring fetal growth with serial ultrasonograms is generally 
recommended (132) to ensure that fetal nutritional demands 
are met. 


Management of Complications of Acute Pancreatitis 

Patients with pancreatic pseudocysts should be monitored with 
serial ultrasonograms to document resolution of the cysts. 
Patients should be closely monitored for new symptoms such 
as abdominal pain, fever, chills, gastric outlet obstruction, or 
obstructive jaundice. Drainage of pseudocysts should be 
considered in patients who are symptomatic or have an 
infected pseudocyst. Endoscopic, percutaneous, or surgical 
drainage of the pseudocysts may be considered. 

The occurrence of infected pancreatic necrosis is a leading 
cause of morbidity and mortality in severe pancreatitis. 
Infected pancreatic necrosis should be suspected if patient 
develops unexplained fever, leukocytosis, and/or signs of sepsis 
in conjunction with a CT scan, which reveals necrosis in the 
pancreas. Antibiotic therapy with broad-spectrum antibiotics 
such as imipenem should be initiated if pancreatic infection is 
suspected. Radiologic-guided fine-needle aspiration of the 
necrotic area is recommended to determine whether it is 
sterile or infected. Sterile necrosis is usually managed 
conservatively; however, infected pancreatic necrosis requires 
surgical debridement (necrosectomy). 


Gallstone Pancreatitis 

Because of the risk of recurrent pancreatitis due to 
cholelithiasis, indications for cholecystectomy during preg- 
nancy should be the same as in the nonpregnant patient. Once 
pancreatitis resolves, laparoscopic cholecystectomy is ideally 
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performed in the second trimester because during this period 
organogenesis is complete and technical problems due to an 
enlarging uterus are limited (131). A laparoscopic approach is 
preferable over open cholecystectomy because it is associated 
with shorter hospital stay, decreased narcotic use, and an 
earlier resumption of oral intake without affecting maternal or 
fetal mortality (119). In patients with onset of pancreatitis in 
the third trimester, postpartum cholecystectomy may be 
performed. ERCP with sphincterotomy may be useful in 
patients with severe acute pancreatitis, cholangitis, persistent 
biliary obstruction, and in those who are not ideal surgical 
candidates during the first and third trimesters of pregnancy 
(119). Fetal radiation exposure during ERCP can be kept 
below the teratogenic doses by limiting fluoroscopy times and 
shielding the pelvis. 


Hyperlipidemic Pancreatitis 

The management of hyperlipidemic pancreatitis poses a 
challenging problem. Attempts at refeeding patients after 
symptoms of pancreatitis subside may be difficult since even 
low-fat diets may lead to elevation of triglycerides and 
recurrent symptomatology (133). In these situations, particu- 
larly in patients who are not near term, adequate nutrition 
must be maintained. TPN has proven to be an efficacious 
method for delivering an appropriate calorie load without 
supplementation with fats, leading to improved regulation of 
triglyceride levels. Other supportive therapies include low-fat 
diet, antihyperlipidemic therapy, insulin, heparin, and plas- 
mapheresis (134). Planned delivery of patients at term who 
have pancreatitis due to hyperlipidemia is recommended by 
some authors (136), and preterm delivery may be considered 
only in patients whose clinical status deteriorates, since lipid 
abnormalities are clearly worsened by pregnancy. 


ENDOSCOPY AND PROCEDURAL SEDATION IN 
PREGNANCY 

Endoscopy during pregnancy appears to be safe provided the 
indication for endoscopy is appropriate and adequate precau- 
tions are taken. A multidisciplinary team involving an 
endoscopist, obstetrician, and an anesthesiologist may be 
required for the management of gastrointestinal diseases in 
pregnancy requiring endoscopic diagnosis and intervention. 
Potential risks associated with endoscopy during pregnancy 
include the following: 


1. Fetal hypoxia: Caused by maternal hypotension and 
hypoxia due to oversedation and may lead to fatal 
consequences. 

2. Exposure of the fetus to potentially teratogenic 
drugs and radiation. 

3. Maternal positioning during endoscopy can cause 
inferior vena caval obstruction by the pregnant 
uterus, which can lead to decreased uterine blood 
flow and fetal hypoxia. 


According to the guidelines issued by the American Society 
for Gastrointestinal Endoscopy for endoscopy in pregnant 
women (137): 


1. Always have a strong indication, particularly in 
high-risk pregnancies, 
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2. Defer endoscopy to the second trimester whenever 
possible, 

3. Use the lowest dose of sedative medication, 

4. Minimize procedure time, 

5. Position the pregnant patient in the left pelvic tilt or 
left lateral position to avoid vena caval or aortic 
compression, 

6. Presence of fetal heart sounds should be confirmed 
before sedation is begun and after the endoscopic 
procedure is completed, 

7. Obstetric support should be available in the event of 
a pregnancy-related complication, and 

8. Endoscopy is contraindicated in obstetric complica- 
tions such as placental abruption, imminent 
delivery, ruptured membranes, or pre-eclampsia. 


EGD 

EGD appears to be safe during pregnancy. The indications for 
considering EGD during pregnancy include significant upper 
gastrointestinal bleed, dysphagia, odynophagia, severe abdom- 
inal pain, and refractory nausea and vomiting. In one study, 
the diagnostic yield of EGD for upper gastrointestinal bleed 
was reported to be 95% (138). There were no cases of 
premature labor or congenital fetal malformation. 


Flexible Sigmoidoscopy/Colonoscopy 

The common indications for flexible sigmoidoscopy and/or 
colonoscopy during pregnancy are rectal bleeding, diarrhea 
with negative evaluation, and strong indication for a colon 
mass. Sigmoidoscopy may establish diagnosis in majority of 
patients and should be considered first. Colonoscopy may be 
required if refractory lower gastrointestinal symptoms persist 
and sigmoidoscopy was not diagnostic. The safety and efficacy 
of flexible sigmoidoscopy and colonoscopy were reported in a 
study in which 48 sigmoidoscopies (46 patients) and 
8 colonoscopies (8 patients) were safely performed during 
pregnancy (70). There were no adverse fetal outcomes, and no 
evidence that sigmoidoscopy or colonoscopy precipitated the 
onset of labor. The safety of polyethylene glycol (PEG) 
electrolyte solutions has not been studied in pregnancy. PEG 
solutions are classified as category C. Tap water enemas may be 
used for bowel preparation for flexible sigmoidoscopy. 
Removal of majority of colon polyps should be deferred until 
the postpartum period. 


ERCP 

Pregnancy is associated with an increased risk of gallstone 
formation due to alterations in the bile composition (139). 
Therefore, the usual indications for ERCP in pregnant patients 
include complications related to gallstones including chole- 
docholithiasis, cholangitis, and gallstone pancreatitis. Several 
studies have reported safety of ERCP during pregnancy with 
no adverse fetal effects (140,141); however, ERCP should be 
performed only by an experienced endoscopist preferably at a 
higher volume tertiary care center. ERCP should be avoided 
during the first trimester due to radiation exposure. Fluoro- 
scopy and procedure times should be minimized. Radiation 
exposure should be kept to a minimum by placing lead sheets 
under the pelvis and lower abdomen. Other diagnostic 
modalities that do not involve radiation such as MRCP and 
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Table 7 Common Sedation Medications for Endoscopic 
Procedures 


Drug name FDA category 


Meperidine 

Fentanyl 

Midazolam 

Propofol 

Glucagon (antiperistaltic agent) 

Naloxone (opioid reversal agent) 
Flumazenil (benzodiazepine reversal agent) 
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endoscopic ultrasonography (EUS) should be considered 
if probability of choledocholithiasis requiring therapeutic 
intervention is low. 


General Precautions 

Patient Positioning 

Pregnant patients should not be placed in the decubitus or 
prone position during endoscopic procedures. Position 
pregnant patients in left pelvic tilt or left lateral position to 
avoid vena caval or aortic compression. External abdominal 
pressure should be avoided. If pressure is required, it should be 
minimal and directed away from the uterus. 


Medications for Sedation During Pregnancy and Lactation 
EGDs and flexible sigmoidoscopies may be performed without 
sedation. However, if sedation is required, it should be kept to 
a minimum. For procedural sedation during pregnancy, 
meperidine (category B) is preferred. Small doses of mid- 
azolam (category D) may be used as needed. If deep sedation is 
required, then propofol administered by an anesthesiologist 
should be the preferred choice (Table 7). 

Fentanyl is preferred to meperidine for procedural sedation 
in women who are breast-feeding. The concentrations of 
fentanyl in breast milk are low, and lactation may be continued 
after fentanyl administration. Infants should not be breast-fed 
for at least 4 hours after midazolam administration. After 
4 hours, breast milk should be pumped and discarded before 
reinitiating breast-feeding. Continued breast-feeding after 
propofol exposure is not recommended, although the period 
of prohibition is not known (137). 
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Liver disease in pregnancy is uncommon, and in the majority 
of cases, there is no need for a change in the management of 
liver disorder till pregnancy ceases. Most often, abnormalities 
in liver tests are related to conditions not specific to pregnancy. 
The liver is affected both physiologically and anatomically 
during the course of pregnancy. As pregnancy progresses, the 
liver is squeezed toward the chest and, therefore, a palpable 
liver below the right subcostal region is indicative of under- 
going hepatic disorder. 

Liver diseases in pregnancy are classified into those not 
specific to pregnancy and those unique to pregnancy. 
Furthermore, liver diseases unique to pregnancy are classified 
according to their onset during pregnancy and their associa- 
tion with pre-eclampsia. In this chapter, we will review 
changes in liver anatomy and function during pregnancy, liver 
diseases not specific, and liver diseases unique to pregnancy. 


LIVER ANATOMY, HISTOLOGY, AND FUNCTION IN 
PREGNANCY 

Anatomically, the liver is generally not palpable below the right 
costal margin secondary to the enlarging gravid uterus. Both liver 
size and gross appearance do not change during pregnancy. 
Furthermore, minimal histologic changes occur in pregnancy. 
These include cellular and nuclear pleomorphism, increased 
numbers of binucleate cells, steatosis, increased cellular and 
nuclear glycogen, hypertrophied Kupffer cells, and some 
lymphocytic infiltration of the portal tracts. During normal 
pregnancy, plasma volume is increased by 50% to 70% and 
reaches its maximum by 32 to 34 weeks of pregnancy. This 
results in hemodilution of all serum protein concentrations. 
Serum albumin concentration decreases, but the rates of albumin 
synthesis and catabolism are not affected. Hypoalbuminemia can 
occur in the third trimester regardless of liver disease. However, 
prolongation of prothrombin time (PT) and hyperbilirubinemia 
would raise the concern of significant liver disease. Other serum 
protein concentrations such as alpha-2-macroglobulin, alpha-1- 
antitrypsin, and ceruloplasmin are increased. Pregnancy is 
characterized by a hypercoagulable state and increased risks of 
deep venous thrombosis. Almost all coagulation factors increase 
during pregnancy except protein S. Moreover, fibrinolysis is 
inhibited. This physiologic state tends to decrease the risk of 
bleeding during delivery; however, it increases the risk of mate- 
rnal venous thrombosis. Indeed, PT is generally not affected 
during pregnancy and any changes in PT should be considered 
abnormal and justify further investigation. Serum lipid 
concentrations increase in late pregnancy secondary to 
increased levels of estrogen and progesterone. Elevations in 
estrogen and progesterone levels enhance cholestasis and 
production of lithogenic bile and reduce gallbladder motility. 
These alterations predispose pregnant women for gallstone 
and biliary sludge formation. Measurement of serum lipids in 


pregnancy is rarely useful unless in the setting of acute 
pancreatitis. During pregnancy, the total red cell mass is 
actually increased but rapidly decreases as pregnancy ceases. 
The cardiac output increases but the absolute hepatic blood 
flow remains unchanged. Plasma volume increases specially 
during the second trimester resulting in falling hemoglobin 
levels due to hemodilution. Serum aminotransferases [alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST)] are not altered by pregnancy and are considered the 
most useful test indicative of hepatocellular injury. Serum 
alkaline phosphatase activity levels rise during the third 
trimester as a result of increased production of placental and 
bone isoenzymes. Indeed, measurement of serum alkaline 
phosphatase activity is not a suitable test for the diagnosis of 
cholestasis during pregnancy. Total and free bilirubin con- 
centrations are decreased during pregnancy partly due to 
hemodilution (Table 1). Gilbert’s syndrome is characterized 
by an increase in unconjugated hyperbilirubinemia with 
absolute normal aminotransferases. The management of 
pregnant women with Gilbert’s syndrome is not any different 
than those who are not pregnant, and medical reassurance 
should be provided. The syndrome of hemolysis, elevated liver 
enzymes, and low platelets (HELLP) is associated with indirect 
hyperbilirubinemia and should be differentiated from Gilbert’s 
syndrome. Pregnancy is also associated with mild increase in 
serum bile acids secondary to reduced bile salt transport. 
Measurement of serum bile acid concentrations may be useful 
for the diagnosis of cholestasis during pregnancy. 


PHYSICAL EXAMINATION DURING NORMAL 
PREGNANCY 

Spider naevi and palmar erythema are commonly observed 
during pregnancy and in oral contraceptive receivers. Spider 
naevi consist of a central arterial vessel from which small 
capillaries lead off radially. These are found in 53% by the 
9 months of pregnancy (1) and tend to be more common 
among white women. Palmar erythema is frequently observed 
in patients with chronic liver disease and in pregnancy. It 
manifests itself as a diffuse patchy erythema of the palms up to 
the start of the wrist joint. Occasionally, the soles of the feet are 
also affected, hence the name plantar erythema. Palmar 
erythema is observed in 63% of white women and 35% of 
black women during pregnancy (2). Scratch marks and 
pruritus are found in cases with cholestasis and biliary 
cirrhosis. Pregnancy is considered a pruritogenic state. The 
cause of this unbearable itching is deemed to be due to a 
decrease in bile salt transport secondary to a reduction in both 
sinusoidal and canalicular bile salt transporters. The concen- 
tration of bile salts in blood is within normal range in most 
pregnant women, but levels of unconjugated chenodeoxy- 
cholic acid are higher in late pregnancy. Anatomically, the liver 
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is displaced toward the chest by an enlarging uterus and 
palpable liver is considered abnormal in pregnancy. It is 
important to screen for cirrhosis in the physical examination 
of pregnant women with viral hepatitis. Detection of 
cirrhosis may not always be easy because spider angioma 
and palmar erythema can be seen in both cirrhotic and 
pregnant states. However, evidence for splenomegaly is 
suggestive of cirrhosis. 


LIVER DISEASE NOT SPECIFIC TO PREGNANCY 

Viral Hepatitis 

Viral hepatitis is the most common cause of jaundice in 
pregnancy. The hepatotropic viruses (hepatitis A, B, C, D, E, 
non-A, and non-B) are responsible for the majority of these 
infections and accounts for 40% of jaundice in pregnant 
women in the United States (3). The course and outcome of 
viral hepatitis is no different in pregnant patients than in other 
individuals except in the case of hepatitis E, which has been 
associated with a higher morbidity and mortality in pregnant 
women in the third trimester (4). 


Table 1 Biochemical Changes During Normal Pregnancy 


Test Change 


White cell count 
Hemoglobin 
Platelets = 
Albumin i 
Aminotransferases a 
Alkaline phosphatase | 
GGT 
Bilirubin wii) 
Prothrombin time _ 
Fibrinogen il 
Globulins T 
Glucose 
Creatinine 
Uric acid 
Bile acids = 
Cholesterol T 
Triglycerides il 
Alpha-fetoprotein T 
1 
T 


eo 


in & and B globulins and | in y globulin 


Ceruloplasmin 
Ferritin 


Abbreviation: GGT, gamma glutamyl transpeptidase. 
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Herpes hepatitis is an extremely rare disease in immuno- 
competent adults with an associated mortality of 39% (5). 
Most infections occur in the third trimester of pregnancy. 
Altered CD4/CD8 lymphocyte ratio and impaired natural 
killer cell function are blamed for the development of systemic 
herpes virus infection. Hepatitis manifests with coagulopathy, 
markedly elevated liver transaminases (>1000IU), and low 
bilirubin. Liver biopsy reveals coagulative necrosis, multi- 
nucleated cells with ground-glass intranuclear inclusions, and 
peripheral chromatin condensation (6). Early treatment with 
intravenous acyclovir is lifesaving. 

The diagnosis of viral hepatitis is usually made on the basis 
of serologic testing (Table 2). Although viral hepatitis is not 
associated with teratogenicity, transmission of viral infection 
to the fetus may occur, which may result in premature labor. 
Transmission of infection is believed to occur primarily during 
the peripartum. For some infections, measures can be taken to 
prevent or lessen the severity of hepatitis in the newborn. 


Hepatitis A 

Hepatitis A virus (HAV) is a small, spherical RNA virus that 
usually causes a self-limiting clinical hepatitis. The virus is 
transmitted by the fecal-oral route and replicates exclusively 
within the hepatocytes and is excreted in bile. HAV infection 
does not lead to chronic hepatitis but relapsing cholestatic 
hepatitis have been described (7). The average incubation 
period is about 28 days (range 15-50 days). Fecal shedding 
occurs for about 2 weekes after infection. The overall case- 
fatality ratio is less than 1%. Intrauterine transmission of HAV 
is very rare but perinatal infection could occur. Acute HAV 
infection during pregnancy is associated with high risk of 
maternal complications and preterm labor (8). Serologic 
diagnosis of acute HAV is made by the presence of anti- HAV 
IgM. Anti-HAV IgM is typically present for several weeks but 
may be present for up to lyear. The presence of anti- HAV IgG 
antibody denotes immunity either by previous infection or 
vaccination and confers long-lasting immunity. Intrauterine 
transmission of HAV is very rare; however, perinatal transmis- 
sion can occur. Neonates of mothers who acquire HAV in the 
last trimester should receive immune globulin (IG) at the time 
of delivery (9). Pregnant women who travel to an endemic area 
should receive prophylactic IG. Individuals who are exposed to 
acute HAV should receive IG within 10 days of exposure. 
Studies show that post-exposure prophylaxis can prevent 


Table 2 Serologic Diagnosis of Common Viral Hepatitis in Pregnancy 


Virus 
Hepatitis A 
Hepatitis B 


Hepatitis C 


Hepatitis D 


Hepatitis E 


Acute 


Anti-HAV IgM 
Anti-HBc IgM 
HBs Ag 

HBe Ag 

HCV RNA 


Anti-HCV Ab +/- 


Anti-HDV IgM 
HD Ag? 
HBs Ag 
Anti-HEV IgM 


Chronic Recovered Immunity 
Not applicable Anti-HAV IgG Anti-HAV IgG 
Anti-HBc total Anti-HBc total Anti-HBs Ag 
HBs Ag 
HBe Ag*/e Ab Anti-HBs Ag 
Anti-HCV Ab Anti-HCV Ab Not applicable 
HCV RNA HCV RNA - 

Anti-HDV Anti-HDV Total? Not applicable“ 
HD Ag? 
HBs Ag 
Anti-HEV IgG Anti-HEV IgG Not applicable 


“HBeAg will be present during periods of high replication. Markers of hepatitis B infection will also be present because HDV cannot replicate without 
HBV. “Although no specific vaccine for hepatitis D exists, individuals vaccinated for HBV will be protected from infection with HDV. Abbreviations: HAV, 
hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HDV, hepatitis D virus; HEV, hepatitis E virus. 
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infection or lessen its severity in those who become infected. 
Mothers infected with HAV are encouraged to breast-feed and 
HAV infection is not a contraindication for breast-feeding (10). 


Hepatitis B 

Hepatitis B virus (HBV) is a 3.2kb, circular, partially double- 
stranded deoxyribonucleic acid (DNA) virus belongs to the 
Hepadnavirus group. HBV can result in both acute and 
chronic infections. Carriers with chronic HBV are at risk for 
the development of liver cirrhosis, hepatic decompensation, 
and hepatocellular carcinoma (HCC) (11). A person is said to 
be a hepatitis B surface antigen (HBsAg) carrier if serum 
HBsAg has persisted for more than 6 months; if the clinical 
and chemical findings fail to show any signs of acute hepatitis; 
and if no or minimal histologic changes are detectable. HBV is 
generally noncytolytic but liver injury is attributed to host 
immune response. In contrast to HCV that replicates in the 
cytoplasm of the hepatocytes, HBV (dsDNA) enters into the 
nucleus and is converted to covalently closed circular form 
known as cccDNA (12). This is remarkably a stable species 
from which all viral mRNAs are transcribed and is resistant to 
antiviral therapy. The virus is transmitted by perinatal, 
percutaneous, and sexual exposure, as well as by close 
person-to-person contact. Vertical transmission is very 
infrequent in the first and second trimesters, yet prevails in 
the third trimester. With the coexistence of HBsAg, HBeAg, 
and high HBV DNA in the third trimester, the child is nearly 
always infected. Perinatal transmission of HBV infection 
represents the single largest cause of chronically infected 
individuals worldwide (13). An estimated 350 million persons 
worldwide are chronically infected with HBV (14). North 
America, Northern Europe, and the Oceanic areas are low 
prevalence areas (<2%) (15,16). In the United States, there are 
an estimated 1.25 million hepatitis B carriers, defined as 
persons positive for HBsAg for more than 6 months (16). The 
incubation period is 25 to 180 days. The age at which HBV 
infection occurs is an important factor affecting the outcome. 
The earlier the infection occurs, the higher is the risk for 
chronicity. The risk of developing chronic HBV infection after 
acute exposure ranges from 90% in newborns of HBeAg- 
positive mothers to 25% to 30% in infants and children 
under 5 and to less than 5% in adults. The diagnosis of acute 
HBV infection is established by the presence of positive serum 
HBsAg and the IgM fraction of the antibody to hepatitis B core 
(anti-HBc IgM). Pregnant women who had an immediate 
exposure to hepatitis B virus may be given injection of hepatitis 
B immunoglobulin (HBIG) ideally within 72 hours of exposure 
and hepatitis B vaccine within 7 days of exposure (17). Hepatitis 
B vaccine is generally safe in all trimesters of pregnancy. The 
current HBV screening guidelines from the Centers for Disease 
Control and Prevention, the American College of Obstetrics 
and Gynecology, and the Immunization Practices Advisory 
Committee recommend that all pregnant women be tested for 
HBsAg during each pregnancy and that women at high risk for 
chronic hepatitis B be screened on admission for delivery, even 
if they previously have been tested or vaccinated (18). HBsAg- 
positive women who are pregnant should be counseled and 
make sure that their providers are informed so hepatitis B 
immune globulin (HBIG) and hepatitis B vaccine can be 
administered to their newborn immediately after delivery. 
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Immunization with HBIG and vaccine starting at birth reduces 
the risk of transmission to less than 10% among infants born to 
HBsAg/HBeAg-positive mothers (19). One such immunization 
schedule includes three intramuscular injections, the first one 
given between the time of birth and before the hospital 
discharge, and the second and third injections given at 1 and 
6 months of age, respectively (18). The standard vaccination 
strategy for infants born to mothers who test positive for HBsAg 
includes the administration of 100 1U HBIG (human hepatitis B 
Immunoglobulin-VF, CSL Bioplasma) and hepatitis B vaccine 
[Recombivax HB (5mg), Merck, or Engerix-B (10mg), Glax- 
oSmithKline] within 12 hours of birth (20). HBIG is given 
intramuscularly and at a different site from that used for 
vaccination. Immediate household contacts should also be given 
HBIG and vaccination. The current vaccines contain noninfec- 
tious HBsAg and should cause no potential risk to the fetus. 

The current (2009) Federal Drug Administration (FDA)- 
approved therapy for HBV in nonpregnant patients include 
subcutaneous injection of interferon/pegylated interferon 
alpha and orally administered nucleoside/tide analogs such 
as Lamivudine, Adefovir, Entecavir, Telbivudine, and Teno- 
fovir (21). Interferon is considered FDA category C drug in 
pregnancy and is not recommended. Lamivudine, an oral 
nucleoside analog, classified as FDA category C drug in terms 
of safety, is given to mothers with high HBV DNA during the 
second and third trimesters to reduce the risk of transmission 
at the time of delivery. It is generally not recommended for use 
against HBV in the first trimester of pregnancy. However, 
potential benefits may justify the potential risk. The data on 
adefovir, entecavir, telbivudine, and tenofovir safety are 
limited in pregnancy. Although HBV may be found in breast 
milk, a study comparing breast-fed versus non-breast-fed 
babies of seropositive mothers demonstrated no difference in 
the infection rate. 


Hepatitis C 

Hepatitis C virus (HCV) is a hepatotropic positive single- 
stranded RNA virus of the Hepacivirus genus and a member of 
the Flaviviridae family. HCV infection is one of the major causes 
for development of liver cirrhosis and end-stage liver disease in 
the world. The prevalence of HCV antibody in pregnant women 
is equivalent to that of the general population (0.5%) (22). The 
most remarkable feature of hepatitis C virus is its ability to 
establish chronic infection in 55% to 85% of acute cases. 
Approximately 20% of chronically infected patients go on 
to develop cirrhosis, hepatic decompensation, and HCC after 20 
to 30 years of infection (23). Chronic HCV infection is estimated 
to affect 180 million people worldwide, including 2 to 3 million 
Americans (1.6% of the general population) (24). There are six 
HCV genotypes (1, 2, 3, 4, 5, and 6), and a large number of 
subtypes (la, 1b, 1c, etc.) have been identified (25). Currently, 
injection drug use is the primary mode of HCV transmission in 
the United States. Other risk factors include clotting factor 
therapy prior to the year 1987, blood transfusion prior to the year 
1992, contaminated therapeutic equipment, occupational needle- 
stick, and sexual and perinatal transmission. The average rate of 
perinatal transmission is 5% to 6% (26). Infants born to mothers 
with HCV and human immunodeficiency virus coinfection have 
increased rate of HCV transmission (14-17%) (27). The risk of 
perinatal HCV transmission is related to HCV RNA titer and is 
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unrelated to delivery mode (vaginal vs. cesarean). Factors 
associated with increased risk of perinatal transmission are 
prolonged rupture of the membrane for more than 6 hours, 
amniocentesis, and perineal lacerations. Although HCV can be 
transmitted intrapartum, prevention by caesarean delivery is not 
generally indicated. Studies have evaluated breast-feeding of 
infants born to HCV-infected women, which indicate that the 
average rate of infection is 4% in both breast-fed and bottle-fed 
infants (28), and most experts do not consider breast-feeding a 
mode of transmission. The prevalence of hepatitis C in pregnancy 
does not differ significantly from that of hepatitis C in the age- 
and sex-matched general population. Routine prenatal HCV 
screening is not recommended; however, women with significant 
risk factors for infection should be offered antibody screening. 

Fetal outcomes, such as birth weight, American Pediatric 
Gross Assessment Record score, and umbilical pH, have not 
been found to be different in children born to hepatitis 
C-infected mothers. Similarly, maternal outcome and obstetric 
complications are not greater in mothers chronically infected 
with hepatitis C in the absence of cirrhosis and portal 
hypertension. The diagnosis of acute or chronic HCV infection 
generally requires testing of serum for both antibody to HCV 
(anti-HCV) and for HCV RNA with a sensitive quantitative 
HCV RNA assay (Table 3). Anti-HCV is passively acquired by 
the infant and may persist for up to 18 months. Moreover, the 
rate of spontaneous clearance in the perinatal transmission of 
HCV is high. Infants born to mothers with HCV should not be 
tested for HCV till 18 months of age (29). 

The course of hepatitis C can be affected by pregnancy. 
Some studies have reported an increase in HCV RNA 
levels in the third trimester of pregnancy, but others have 
not. On the contrary, serum ALT levels tend to be lower 
in the third trimester and return to normal by 6 months 
after delivery. 

The currently recommended therapy of chronic HCV 
infection in nonpregnant patients is the combination of a 
pegylated interferon-alfa and ribavirin. This regimen has been 
shown to be effective in 40% to 70% of patients (30-32). In 
mid 2011, two new direct-acting antiviral agents have been 
approved in combination with pegylated interferon and 
ribavirin for hepatitis C therapy in non-pregnant genotype 1 
patients. HCV treatment success is measured by sustained 
virologic response (SVR) (defined as undetectable HCV RNA 
by a sensitive assay 6 months following discontinuation of 
treatment). Interferon is classified by the FDA as a category C 
drug while ribavirin is a category X product, indicating that its 
use is contraindicated in women who are pregnant. Interferon 
monotherapy is far less effective than combined therapy with 
ribavirin and is associated with low SVR rates, and hence the 
risk of HCV therapy outweighs its benefit during pregnancy. 
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Hepatitis E 

Hepatitis E virus (HEV) is a positive-stranded RNA virus that 
belongs to the Hepeviridae family. The virus is transmitted via 
the fecal-oral route, commonly by contaminated water 
supplies. Vertical transmission of hepatitis E virus ranged 
between 33% and 50% (33,34). The virus is endemic in the 
Middle East, India, Southeast Asia, Central Asia, Central 
America, and South America. Hepatitis Eis an acute disease that 
does not progresses to chronicity, although reports of chronic 
HEV have been described in liver transplant recipients (35,36). 
The clinical presentation is basically the same as that for HAV. 
HEV infection is known to cause severe hepatitis, fulminant 
liver failure, preterm labor, and increased mortality in pregnant 
women especially in their third trimester with reported 
maternal mortality rates as high as 20% to 31.1% (4,37). 
The incubation period is 3-8 weekes, with a mean of 40 days. 
Cholestatic hepatitis is common. Acute hepatitis E infection is 
diagnosed by detection of IgM anti-HEV or a rising titer of IgG 
anti-HEV. The treatment is supportive therapy. A proved 
effective vaccine against HEV is currently not available. There 
is no current evidence that HEV infection is transmitted in 
breast milk. 


Autoimmune Hepatitis 

Autoimmune hepatitis (AIH) is a syndrome of progressive 
hepatocellular inflammation and necrosis of unknown cause, 
frequently leading to cirrhosis (38). The disease is character- 
ized by loss of tolerance to hepatic autoantigens. AIH occurs 
predominantly among women, particularly in their younger 
years, and may influence their fertility and pregnancy. 
Pregnant women with AIH have a reduced fertility rate 
secondary to amenorrhea and anovulation, which might be 
related to hypothalamic—pituitary dysfunction. Serious ma- 
ternal complications can occur in 9% of cases with a high rate 
(52%) of postpartum flares (39). In one large review by Candia 
et al. analyzing 101 pregnancies, fetal death rate was observed 
in 19% with a perinatal mortality of 4% (40). Most fetal deaths 
occurred before the 20th week of pregnancy. 

In the United States, AIH affects 100,000 to 200,000 patients 
with an incidence of 1.9 per 100,000 per year and a point 
prevalence of 16.9 per 100,000 persons per year (41). AIH 
occurs at two age peaks, one in adolescence and young 
adulthood and the other in the sixth or seventh decade. About 
70% of cases involve females, and there is a frequent 
association with other autoimmune disorders such as 
thyroiditis. 

The diagnosis is based on histologic abnormalities (portal 
tract inflammation with moderate infiltration with lympho- 
cytes, plasma cells, and piecemeal necrosis), characteristic 
clinical and laboratory findings (absence of other causes of 


Table 3 Interpretation of Serum Hepatitis C Virus (HCV) Antibody and HCV RNA 


Anti-HCV HCV RNA 
Negative Negative 
Positive Positive 
Positive Negative 
Negative Positive 


Interpretation 


No previous or current exposure to HCV 

Acute or chronic HCV infection 

Resolution of HCV either spontaneously or after 
response to treatment, false positive ELISA test 

Acute HCV infection; chronic HCV in setting of 
immunosuppressed state; false-positive HCV RNA test 
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liver injury and abnormal aminotransferases), abnormal levels 
of serum globulins, and the presence of one or more 
characteristic autoantibodies (42). Immunosuppressive therapy 
with azathioprine (AZA) and corticosteroids are the principal 
therapy of AIH. Corticosteroid therapy induces clinical, 
laboratory, and histologic improvements in 80% of patients 
with AIH (43). Corticosteroids and AZA are generally safe during 
pregnancy but birth defects have been described (44). Pregnant 
women with AIH need careful monitoring during pregnancy and 
for several months postpartum. 


Wilson’s Disease 

Wilson’s disease (WD) is a rare autosomal recessive disorder of 
hepatic copper metabolism caused by defective copper 
transporting ATPase in the liver causing a decrease in biliary 
excretion of copper and abnormal accumulation of copper in 
many tissues, notably the liver, brain, kidneys, and cornea. The 
most common gene mutation described in WD is ATP7B. WD 
is a rare disorder with a worldwide prevalence of 1:30,000. 
Clinical manifestations depend on the affected organs and 
include acute or chronic hepatitis, cirrhosis, hemolysis, chorea, 
tremors, spasticity, and psychiatric changes. A Kayser—Fleischer 
ring is often observed once neurologic or psychiatric symptoms 
develop. The diagnosis is made by a low serum level of 
ceruloplasmin and an elevated concentration of copper in the 
liver tissue. Women with WD have high rates of infertility due 
to menstrual irregularities and recurrent miscarriages (45,46). 
The former is the result of hormonal changes caused by hepatic 
failure and copper toxicity and the latter is caused probably by 
increased copper deposition in the uterus. Hemolysis can be a 
presenting feature in some cases. 

The current available anticopper agents are penicillamine, 
zinc, trientine, and tetrathiomolybdate. The main therapy is 
penicillamine, a copper-chelating agent. Although this agent 
has been used in pregnancy without teratogenic effect, 
transient goitrous hypothyroidism in infants born to mothers 
with WD on penicillamine has been reported (47). Cessation 
of therapy can lead to fulminant liver failure and death during 
pregnancy. Zinc intake at a dose of 25 to 50mg three times 
daily in pregnancy appears to be safe with very minimal 
teratogenicity (48). Since penicillamine has an antipyridoxine 
effect, supplementation with vitamin Be is recommended. 


Primary Biliary Cirrhosis 

Primary biliary cirrhosis (PBC) is an autoimmune cholestatic 
liver disease characterized by progressive destruction of 
intrahepatic bile ducts, predominantly seen in middle-aged 
women. Typical symptoms are fatigue, pruritus, and 
abdominal pain. Jaundice develops in advanced liver disease. 
At presentation, about 40% of the patients are asymptomatic, 
but 30% to 50% already have hepatomegaly and 15% present 
with splenomegaly. PBC is associated with a large variety of 
other diseases, such as Sjogren’s syndrome, arthropathy, 
CREST (calcinosis cutis, Raynaud’s phenomenon, esophageal 
dysfunction, sclerodactyly, and telangiectasia) syndrome, and 
autoimmune thyroiditis. The characteristic serologic hall- 
mark of PBC is the anti-mitochondrial antibody, a highly 
disease-specific autoantibody found in 90% to 95% of 
patients (49). Up to now, it is not known whether pregnancy 
was harmful in PBC patients. Previous reports suggested 
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increased rates of infertility and preterm labor. Ursodeoxy- 
cholic acid (UDCA, 10-15 mg/kg/day) is regarded as the first- 
line treatment for PBC. UDCA appears to be safe and is 
considered FDA class B in pregnancy. UDCA may improve 
pruritus and serum liver tests. 


Portal Vein Thrombosis 

Portal vein thrombosis (PVT) is a rare occurrence during 
pregnancy. Malignant tumors, cirrhosis, and other causes of 
intra-abdominal inflammation such as pancreatitis, appendici- 
tis, cholecystitis, duodenal ulcer, and inflammatory bowel 
disease are the leading local risk factors (50). Management 
differs in acute and chronic PVT in pregnancy. The goal of 
treatment of acute PVT is to recanalize the obstructed veins, 
which may prevent intestinal infarction and subsequent portal 
hypertension. Correction of the causal factors should be 
achieved as soon as possible. Anticoagulation should be given 
for at least 3 months and that a permanent anticoagulation 
therapy is considered for patients with prothrombotic condi- 
tions (51). Pregnant patients with chronic PVT should be 
offered screening for gastroesophageal varices. In patients with 
extrahepatic portal hypertension without gastroesophageal 
varices, labor and vaginal delivery are preferable and less 
morbid, with a passive second stage of labor in order to avoid 
increased intra-abdominal pressure. Elective cesarean section is 
advisable in patients with gastroesophageal varices. Portal vein 
cavernoma is a rare disease resulting from extrahepatic PVT and 
development of collateral venous circulation (51). This disease 
is often accompanied by splenomegaly, portal hypertension, 
esophageal, gastric, or jejunal varices, and thrombocytopenia. 
Early diagnosis and treatment of gastroesophageal varices before 
pregnancy are recommended, which can be accomplished by 
screening upper endoscopy and therapy with sclerotherapy or 
esophageal band ligation of esophageal varices and/or institu- 
tion of nonselective —beta blocker therapy is warranted. 


Budd-Chiari Syndrome 

Budd-Chiari syndrome (BCS), also known as hepatic venous 
outflow tract obstruction, is characterized by occluded hepatic 
venous outflow tract at various levels from small hepatic veins 
to inferior vena cava, resulting from thrombosis or its fibrous 
sequelae (51,52). Most patients with BCS have a “primary” 
disorder and share one or more prothrombotic risk factors, 
mainly myeloproliferative disorders (MPD), oral contraceptive 
use, factor V Leiden mutation, and antiphospholipid syn- 
drome. MPD, particularly polycythemia vera, are observed in 
approximately half of the cases of BCS, but fewer than 10% of 
the subjects with overt MPD develop BCS. The characteristic 
clinical triad of acute BCS is right upper quadrant pain, 
hepatomegaly, and ascites (53,54). The diagnosis of BCS is 
established with Doppler sonography of the hepatic vessels. 
MRI can provide detailed examination of the hepatic and 
splanchnic vessels. Chronic thrombosis may evolve to 
precipitate portal hypertension with the formation of ascites, 
porto-systemic encephalopathy, and gastroesophageal varices. 
Women with BCS who desire to become pregnant should be 
screened for gastroesophageal varices with upper endoscopy, 
and if found, treatment should be offered preferably with 
esophageal band ligation or sclerotherapy. Most patients are 
placed on long-term warfarin therapy if nonpregnant and on 
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low-molecular weight heparin if pregnant as soon as possible, 
and preferably before conception. 


Cirrhosis and Portal Hypertension 

Pregnancy is uncommon in the setting of cirrhosis possibly 
due to altered sex hormones and hepatocellular injury. The 
rates of spontaneous abortion, premature birth, and perinatal 
death are all increased in women with cirrhosis. The 
incidence of cirrhosis in pregnancy is estimated to be 
approximately 1 in 5950 pregnancies (55). Maternal morbid- 
ity and mortality is high during pregnancy in cirrhotic 
patients (10.3-18%). Maternal deaths are due primarily to 
gastrointestinal hemorrhage from varices (56). During 
pregnancy, a hypervolemic state develops leading to an 
increase in portal flow and elevation of portal pressure 
transmitted to the collateral veins with increased risk of 
variceal bleeding. Esophageal variceal bleeding has been 
reported in 18% to 32% of pregnant women with cirrhosis 
and in up to 50% of those with known portal hypertension. 
Those with preexisting varices, 78% will have gastrointestinal 
bleeding during pregnancy, with a mortality rate of 18% to 
50% (57). The outcome of pregnancy in women with 
cirrhosis is influenced by the underlying etiology of liver 
disease. AIH and alcoholic liver disease tend to have a 
favorable outcome in comparison with those with viral 
hepatitis. Endoscopic surveillance and banding of esophageal 
varices are recommended during pregnancy. Upper endo- 
scopy in general appears to be safe during pregnancy. Primary 
prophylaxis with nonselective beta blockers is recommended. 
Propranolol and/or nadolol are considered FDA category C. 
The risks of nonselective beta blockers include fetal 
bradycardia, hypotension, hypoglycemia, and intrauterine 
growth retardation. Endoscopic band ligation seems to be a 
safe procedure in pregnancy. Termination of pregnancy is 
warranted in the presence of progressive hepatic decom- 
pensation. Vaginal delivery is usually safe and early forceps 
delivery or vacuum extraction should be considered to 
prevent any rise in portal pressure due to prolonged straining 
during labor. Cesarean section with general anesthesia is 
preferable in high-risk patients to avoid increase in portal 
pressure during labor. 


Gall Stones and Biliary Tract Disease 

The incidence of gallstones during pregnancy is estimated to 
be 3% to 12%; however, symptomatic gallstones occur in only 
1.2% of these pregnancies (58). Hormonal changes during 
pregnancy, altered gallbladder motility, and increased choles- 
terol secretion are major predisposing factors for the 
development of gallstones and biliary sludge. The commonest 
clinical presentations are biliary pain and gallstone pancreatitis 
and the least common is acute cholecystitis. The management 
of symptomatic uncomplicated biliary tract disease is usually 
conservative. In patients with symptomatic choledocholithia- 
sis, endoscopic management using endoscopic retrograde 
cholangiopancreatography (ERCP) is an alternative option. 
Since fluoroscopy poses a radiation risk to the fetus, 
abdominal shield to the pregnant patient should be provided. 
Laparoscopic cholecystectomy can be performed safely during 
pregnancy with no maternal mortality, although spontaneous 
abortions and preterm labor have been reported. 
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Table 4 Classification of Liver Diseases Unique to 
Pregnancy According to Their Onset in Pregnancy and 
Association with Pre-eclampsia/Eclampsia 


Liver diseases not associated 
with pre-eclampsia/eclampsia 


Liver diseases associated 
with pre-eclampsia/eclampsia 
HELLP syndrome (occurs in 
second/third trimester) 
Acute fatty liver disease of 
pregnancy (occurs mainly 
in second/third trimester) 


Hyperemesis gravidarum (occurs 
mainly in first trimester) 

Intrahepatic cholestasis of 
pregnancy (occurs in second 
and third trimesters) 


Abbreviation: HELLP, hemolysis, elevated liver enzymes, and low platelets. 


LIVER DISEASES UNIQUE TO PREGNANCY 

Four unique disorders of liver dysfunction have been 
recognized during pregnancy. These include (i) hepatic 
involvement in hyperemesis gravidarum (HG), (ii) intrahe- 
patic cholestasis of pregnancy (ICP), (iii) the syndrome of 
HELLP, and (iv) acute fatty liver of pregnancy (AFLP) 
(Table 4). 


Hyperemesis Gravidarum 

During pregnancy, nausea and vomiting are common; 
however, in some instances, the entity is protracted and may 
result in hospitalization. Intense nausea and vomiting in the 
first trimester associated with 5% weight loss, dehydration, 
ketonuria and electrolytes imbalance, and metabolic alkalosis 
are highly suggestive of HG. Risk factors include previous 
history of HG, previous molar pregnancy, preexisting diabetes, 
gastrointestinal disorders, asthma, singleton female pregnancy, 
pregnancy with multiple male fetuses, multiple gestations, 
hyperthyroid disorders, psychiatric illness, and small pre- 
pregnancy body weight (59). Maternal smoking prior to 
pregnancy appears to be protective (60). The most common 
hepatic abnormality associated with HG is mild elevation of 
liver transaminases (usually <300IU), and it is thought to be 
associated with a temporary impairment of mitochondrial 
fatty acid oxidation (61). Jaundice is infrequent and total 
bilirubin is generally <4mg/dL. These liver abnormalities are 
seen only in 20% to 30% of patients. Liver biopsy is generally 
not indicated unless to rule out other etiologies and, if 
performed, may show bland cholestasis. Maternal complica- 
tions include Mallory—Weiss tears, preterm labor, and low 
birth weight (62). Treatment is supportive and directed at 
symptomatic relief with intravenous fluid and electrolytes 
replacement, thiamine and pyridoxine supplementation, and 
use of antiemetics. Hyperemesis with hepatic abnormalities 
has been reported to recur in subsequent pregnancies. 


Intrahepatic Cholestasis of Pregnancy 

ICP is characterized by pruritus and biochemical cholestasis 
typically presenting in the third trimester. This condition 
accounts for approximately 20% of jaundice during preg- 
nancy. Although this is an uncommon disorder, it frequently 
recurs with subsequent pregnancies or the administration of 
synthetic estrogen compounds. Pruritus gravidarum is a term 
applied to patients with pruritus and biochemical cholestasis, 
whereas cholestasis of pregnancy is generally reserved for those 
patients with jaundice. The prevalence of ICP in the United 
States is estimated to be around 1/1000 to 1/10,000 pregnancies. 
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The highest prevalence is seen among the Araucanian (27.6%) 
and Aymara (11.8%) Indians of Chile (63). Although the exact 
etiology is unknown, genetic and hormonal factors play a role. 
Genetic factors have been implicated owing to the frequent 
history of cholestasis in female family members of index 
patients. Heterozygous non-sense mutation of the multidrug 
resistance-associated protein 3 (MDR3) gene has been 
implicated in familial ICP (64). Estrogens produce lithogenic 
bile because estrogens decrease bile salt—independent flow and 
increase diffusion of water from bile to plasma. Pruritus 
generally involves the palms of the hands and the soles of the 
feet. Skin examination should be performed to rule out other 
skin disorders of pruritus. Jaundice may or may not be present. 
Some patients will have subclinical steatorrhea that may affect 
nutritional status. The diagnosis is established by the presence 
of typical history of generalized intractable pruritus in the 
second or third trimester of pregnancy with elevated maternal 
serum bile acids in the absence of radiologic evidence of biliary 
obstruction. Laboratory abnormalities are cholestatic with 
elevations in alkaline phosphatase up to 10-fold and modest 
hyperbilirubinemia, typically less than 5mg/dL. Serum amino- 
transferases are usually elevated but <1000U/L. Cholestatic 
enzymes such as alkaline phosphatase are also elevated; however, 
serum gamma glutamyl transpeptidase is normal or slightly 
elevated. Elevated maternal serum bile acids are the hallmark 
of cholestasis and are usually 10 pmol/L (65). A cutoff level of 
serum bile acids 40 pmol/L is associated with impaired fetal 
outcome (66). Currently, genetic tests are performed in research 
laboratories only and are not applicable for diagnosis or risk 
stratification. However, mutation analysis of ABCB4 might be 
considered. Maternal outcome is favorable with prompt resolu- 
tion of symptoms postpartum. Women with ICP have an 
increased incidence of gallstones due to lithogenic bile. Liver 
biopsy is unnecessary for diagnosis; however, if performed, it 
shows canalicular bile plugs with centrilobular cholestasis and 
intact parenchymal architecture. ICP recurs in about 70% of 
patients. Fetal outcome is not so favorable. Premature delivery 
occurs in 10% to 20%, meconium staining in 35% to 60%, and 
fetal distress in 19% to 60%. 

Treatment of ICP is largely symptomatic. UDCA, a tertiary 
bile acid, is the main treatment to alleviate pruritus and 
cholestasis. The recommended dose is 15mg/kg/day in divided 
doses. UDCA improves liver transaminases, lower serum bile 
acids, and improve pruritus (67,68). Other treatment such as 
hydroxyzine, Ondansetrone, and S-adenosyl-L-methionine 
(SAMe) has shown to be of some benefit (69). Fat-soluble 
vitamins should also be administered. In addition to the 
symptomatic relief of pruritus, a strict fetal monitoring must be 
carried out especially during the last few weeks of pregnancy, 
where rates of fetal morbidity and mortality are increased. 


HELLP 

Pre-eclampsia develops in 5% to 11% of all pregnancy and is 
characterized by the triad of proteinuria (greater than 300mg in 
24 hours), edema, and hypertension (>140/90 mmHg) after 20 
weeks of gestation and/or within 48 hours after delivery. If the 
central nervous system becomes involved, for example, seizures 
or coma, the disorder is termed eclampsia. Hepatic involve- 
ment is a sign of advanced pre-eclampsia/eclampsia and may 
manifest as HELLP syndrome or hepatic rupture. The incidence 
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of HELLP syndrome is approximately 0.6% of pregnancies and 
3.1% to 12% of patients with pre-eclampsia (70). HELLP 
syndrome occurs mainly in the antepartum period in 70% to 
92% of cases and postpartum in 8% to 30%. 

The symptoms include right upper quadrant abdominal 
pain, headache, malaise, nausea, and vomiting. Concomitant 
signs and symptoms of pre-eclampsia (hypertension, protei- 
nuria, and edema) may or may not be present. Jaundice and 
bleeding, due to thrombocytopenia, are a very uncommon 
mode of presentation. Severe right upper quadrant abdominal 
pain that is radiated to the neck or shoulder may herald 
impending hepatic rupture or presence of hepatic hematoma. 
Serum aminotransferases range from 300 to 3000U/L and 
serum bilirubin is usually less than 5mg/dL, but higher values 
have been reported. Hepatic parenchymal injury results from 
microangiopathic hemolytic anemia, thrombocytopenia, and 
localized segmental vasospasm and may lead to hepatic 
infarction, hematoma, and rupture resulting in maternal 
death. Disseminated intravascular coagulation (DIC) is found 
in 8% to 21% of patients. If hepatic parenchymal injury is 
severe, hypoglycemia may be observed. Liver biopsies or 
autopsy specimens show periportal fibrin deposition and 
hemorrhage; portal tracts are usually involved but in some 
cases lesions may be focal. More recently, hepatic microvesi- 
cular fat similar to that seen in AFLP has been observed in 
histologic specimens, leading to speculation that pre-eclampsia 
and AFLP may be different presentations of the same process. 
Physicians should be aware of other causes that may resemble 
HELLP such as acute viral hepatitis, hemolytic uremic 
syndrome, thrombotic thrombocytopenic purpura, antipho- 
spholipid syndrome, and AFLP. Both HELLP syndrome and 
AFLP occur in the third trimester and have similar presenta- 
tions, but liver dysfunction is usually more pronounced in the 
latter and is more frequently associated with coagulopathy, 
hypoglycemia, and renal failure (Table 5). The coagulopathy of 
the AFLP is due to liver failure, whereas in HELLP syndrome, 
coagulopathy develops as a part of DIC syndrome. 

Initial therapy is directed at control of hypertension and 
prevention of seizures, and optimal management includes 
prompt delivery. Frequent monitoring of serum glucose is 
warranted and intravenous dextrose solution is infused as 
needed. Maternal outcomes are generally favorable with 
mortality ranges from 2% to 4% in reported cases. 
Corticosteroids have been shown to improve maternal 
laboratory values but did not affect overall outcome. Platelet 
transfusion is recommended in the case of bleeding or severe 
thrombocytopenia (platelet count <20 x 10°/L). 

Liver rupture is a rare, life-threatening complication of 
HELLP that carries a very high maternal mortality. It is usually 
preceded by an intraparenchymal hemorrhage progressing to a 
contained subcapsular hematoma in the right hepatic lobe in 
patients with severe thrombocytopenia. Hepatic rupture 
usually requires immediate laparotomy with evacuation of 
the hematoma with pressure packing and drainage, followed 
by consideration of hepatic artery embolization or ligation, 
partial hepatectomy, or oversewing of the laceration. 


AFLP 
AFLP is a rare disorder (1 per 13,000 deliveries) unique to 
pregnancy, which occurs in the third trimester or peripartum (71). 
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Table 5 Features of Liver Diseases Unique to Pregnancy 


Disease/features 


Incidence 

Onset (trimester) 

Presence of pre- 
eclampsia 

Clinical features 


HG 


0.3-2% 
first trimester 
No 


Nausea, vomiting, 


ICP 


0.1—0.01% 
second/third 
No 


Generalized pruritus, 


HELLP 


0.2-0.6% 
second/third 
Yes 


Abdominal pain, edema, 


AFLP 


0.005—0.01% 
third 
>50% 


Liver failure with 


weight loss, jaundice, elevated hypertension, coagulopathy, encephalopathy 
dehydration maternal serum bile hemolysis, hypoglycemia, and DIC 
acids thrombocytopenia 
Aminotransferases Usually <300 U/L Mild to 20-fold increase Typically >500U/L Typically 300-500 U/L 
Bilirubin Usually <4mg/dL <5mg/dL <5mg/dL <5mg/dL 
Imaging Normal Normal May show hepatic May show fatty infiltrate 
rupture or infarction 
Histology Normal/bland Cholestasis Periportal necrosis, Microvesicular steatosis in 
cholestasis hemorrhage zone 3 
Outcome Preterm, low birth Preterm, low birth Prematurity, fetal death Fetal death 
weight weight, meconium 


staining 


Abbreviations: HG, hyperemesis gravidarum; ICP, intrahepatic cholestasis of pregnancy; HELLP, hemolysis, elevated liver aminotransferases, and low platelets; 
AFLP, acute fatty liver disease of pregnancy; DIC, disseminated intravascular coagulation. 


This was first described by Sheehan in 1940, who termed it 
obstetric acute yellow atrophy. The disorder is more common in 
primagravidas, twin gestations, and those with a male fetus. The 
disease occurs at any age in the childbearing period. Character- 
istically, it develops in the last 10 weekes and usually in the last 4 
weeks of pregnancy. 

Typically patients present with nausea and vomiting for 
several days, followed by jaundice and then progressive 
encephalopathy. Right upper quadrant pain and epigastric 
abdominal pain are common (50-80%) (72). Fever, headache, 
diarrhea, back pain suggestive of acute pancreatitis, and myalgias 
are occasionally initial presentation. Hepatic failure may ensue. 
Approximately 50% of patients may also have features of pre- 
eclampsia. Physical examination may reveal only right upper 
quadrant tenderness. Laboratory abnormalities include elevated 
serum aminotransferases usually 300 to 500U/L, moderate 
increase in serum bilirubin 5mg/dL and variable degrees of 
leukocytosis (73), DIC, hypoglycemia, hyperuricemia, and 
bacteremia. Patients may develop gastrointestinal hemorrhage, 
pancreatitis, and renal failure. Radiographic evaluations may 
suggest the diagnosis from steatosis seen by ultrasound, 
computerized tomography, or magnetic resonance imaging. 
However, this finding may not be universally present and normal 
studies do not exclude the diagnosis. 

AFLP is characterized by a microvesicular fatty infiltration 
of the hepatocytes involving perivenular and mid-zones (74). 
Extensive hepatocellular necrosis, a common histologic feature 
of HELLP syndrome, is absent in AFLP, while microvesicular 
fatty infiltration, the predominant feature of AFLP, is generally 
absent in HELLP syndrome (72). 

There is a strong association between AFLP and a deficiency 
of the enzyme long-chain 3-hydroxyacyl-CoA dehydrogenase 
(LCHAD) in the fetus, a disorder of mitochondrial fatty acid 
beta-oxidation (75). In a study by Ibdah and colleagues, 79% 
of women who carried LCHAD-deficient fetuses developed 
AFLP (76). Infants born to mothers with AFLP may exhibit 
immediate or delayed nonketotic hypoglycemia, hepatic 
encephalopathy, cardiomyopathy, slowly progressing 


peripheral neuropathy, skeletal myopathy, or sudden un- 
expected death (77,78). Other studies reported involvement of 
fetal hepatic carnitine palmitoyltransferase (CPT I) deficiency 
and maternal medium-chain acyl-CoA dehydrogenase defi- 
ciency in AFLP (79,80). It is recommended that neonates born 
to pregnancies complicated by AFLP be tested for the common 
LCHAD G1528C mutation (81) and that this testing when 
done early after birth can be lifesaving as it may identify 
LCHAD-deficient children before they manifest the disease 
allowing early dietary intervention by institution of a diet low 
in fat and high in carbohydrate, and by substitution of the 
long-chain fatty acids with medium-chain fatty acids. This 
strong association between AFLP and the common G1528C 
mutation in the fetus is significant (82,83), and hence 
screening the offspring of women who develop AFLP at birth 
for this mutation can be lifesaving. 

Successful management of AFLP is dependent upon prompt 
delivery and supportive care. Overall previous reported 
maternal and fetal mortality is 26% and 32% respectively, 
but more recent series suggest improving maternal and fetal 
mortality with prompt delivery. Fetal mortality is believed to 
occur as a result of rapid maternal decompensation, a high rate 
of premature delivery, and the maternal DIC resulting in fibrin 
deposition in the placenta, culminating in uteroplacental 
insufficiency, infarct, and fetal asphyxia (84). Immediate 
delivery would therefore be expected to improve fetal out- 
come, since basic organ systems are developed. AFLP may 
recur in subsequent pregnancy, particularly in mothers with a 
fatty acid oxidation defect in the offspring (72). 


Liver Transplantation and Pregnancy 

Since the first pregnancy in a transplant recipient in 1958, 
pregnancy in recipients of solid organ transplants has become 
increasingly common. The first successful pregnancy in a liver 
graft recipient was reported in 1978 (85). Given the improving 
success of liver transplantation over the past two decades and 
decreasing levels of immunosuppression, most organ trans- 
plant recipients lead happy and healthy lives with an average 
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1-year survival rate of >85% at better transplant programs. As 
of January 2007, there were 1595 pregnancies in female 
transplant recipients reported to the National Transplantation 
Pregnancy Registry (NTPR). In 131 liver transplant recipients 
in the NTPR, 219 pregnancies and 223 outcomes were 
reported (86,87). Children born to female liver recipients 
have a greater risk of prematurity and low birth weight than 
the general population; however, no congenital malforma- 
tion patterns have been observed. Majority of women after 
liver transplantation will deliver a healthy baby. In a large 
single-center experience that evaluated the outcome of 
71 pregnancies after liver transplantation, pregnancy- 
induced hypertension was seen in 20%, pre-eclampsia in 
13%, acute cellular rejection in 17%, and renal impairment 
in 11% (88). Pregnancies occurring within 1-year post- 
transplantation had an increased incidence of prematurity 
(58% vs. 29%), low birth weight, and acute cellular rejection 
(33% vs. 14%) compared with those occurring later than 
lyear (88). Although no statistically significant differences 
in outcome were identified, rates of acute rejection and graft 
loss are similar to nonpregnant liver recipients. An NTPR 
analysis of liver recipients noted that those who reported 
rejection during pregnancy had poorer newborn outcomes 
and graft survival (89). If desired, pregnancy should be 
deferred for lyear after liver transplantation. This recom- 
mendation is supported by NTPR data. Immunosuppression 
regimens typically include cyclosporin (CyA) or FK506, 
mycophenolate mofetil, and prednisone with or without 
AZA. Additional medications for liver transplant recipients 
may include prophylaxis for Pneumocystis carinii infection 
with trimethoprim/sulfamethoxazole or pentamidine, and 
for herpes virus infection with acyclovir. Every effort should 
be exercised to avoid teratogenic medications during 
pregnancy. Family planning and multidisciplinary team 
involvement are optimum. Breast-feeding is discouraged 
while women are on immunosuppressant medication. 
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From headache to neuromuscular disease to stroke and 
movement disorders, neurologic disorders are common. 
They occur in men and women. Pregnancy is no exception. 
In fact, pregnancy may have an effect on neurologic 
condition; in turn, neurologic disorders may have an effect 
on pregnancy or outcome of pregnancy. Treatment of 
neurologic disorders is another important aspect whereby 
knowledge of teratogenicity is important for the physician 
treating a pregnant woman. While this is an extensive area, an 
attempt will be made to cover some key areas. The coverage 
will include headache, multiple sclerosis (MS), neuromus- 
cular disorders (NMDs), epilepsy, movement disorders, and 
stroke. 


HEADACHES IN PREGNANCY 

Headache is perhaps the most common complaint in 
medicine and is a common complaint during pregnancy. 
Most headaches during pregnancy are due to primary 
headache disorders (migraine, tension-type, and cluster 
headaches). Although these may be debilitating, they are 
almost always benign. Secondary headache disorders are those 
in which an underlying cause can be identified for the 
headache. These include headaches due to infection, trauma, 
vascular disorders, pre-eclampsia, or cerebrospinal fluid 
(CSF) derangement. This chapter will attempt to look at the 
diagnosis and treatment of the major primary and secondary 
headaches during pregnancy. 


Primary Headaches 

Migraine 

Migraine headaches are usually a moderate or severe 
unilateral or bilateral throbbing or pulsating headache with 
associated increased sensitivity to light, noise, or physical 
movement and may be accompanied by nausea and 
vomiting. Migraine pain also commonly involves the neck 
and medial shoulders in addition to the head. The usual 
duration of a migraine headache is 4 to 72 hours. Up to 25% 
of migraine headaches may be preceded or accompanied by 
an aura. The aura is due to neuronal dysfunction that is 
thought to move through the cortex and is accompanied by 
decreased regional blood flow (1). 

The most common migraine auras are visual and sensory. 
Visual auras may produce positive visual phenomena such as 
seeing lights, stars, shimmering lights (scintillating scotoma), 
and pixilated or mosaic vision. The visual dysfunction may 
gradually spread across the visual field. Negative visual 
phenomena may also occur such as dark visual scotoma. 
Somatosensory migraine auras may produce numbness in the 
face or arm and hand that may slowly travel over the affected 


area. Less commonly, patients may report dysarthria or 
aphasia as a form of aura accompanying a migraine attack. 

The typical migraine aura builds up over 10 to 20 minutes 
and usually completely resolves in 60 minutes. The conclusion 
of the migraine attack usually coincides with the onset of the 
migraine headache. 

In most women, migraine usually improves during 
pregnancy. Migraine improves in up to 50% to 80% of 
women during pregnancy (2,3). Migraine may recur in the 
first postpartum week in up to 50% of migraineurs (4). 


Treatment of Migraine During Pregnancy 

Migraine headaches affect up to 18% of women during their 
lifetime and are common during the childbearing years. 
Treatment of migraine during pregnancy is geared toward 
providing headache relief for the mother and avoiding 
potential adverse effects on the developing fetus. Acetamino- 
phen (650-1000mg po), codeine (30-60mg po with acetami- 
nophen), and hydrocodone (5.0-7.5 mg with acetaminophen) 
are considered safe to use for acute pain relief. Narcotics 
should be avoided in the third trimester because of the risk of 
neonatal dependence and withdrawal following delivery. 
Narcotic use should be restricted to several days a week to 
avoid development of medication overuse headache. Non- 
steroidal anti-inflammatory drugs (NSAIDs) such as ibupro- 
fen and naproxen are considered safe (pregnancy class B) in 
the first and second trimesters but should be avoided in the 
third trimester due to potential risks of inhibiting labor or 
premature closure of the ductus arteriosus. The jury is still out 
on use of triptans (pregnancy class C) such as sumatriptan 
during pregnancy (5). At this time, it is difficult to recommend 
triptan usage during pregnancy unless felt absolutely essential 
for the well-being of the mother. 

Ergotamine and dihydroergotamine (pregnancy class X) are 
contraindicated in pregnancy as they are considered potential 
abortifacients. 

Antiemetics such as prochlorperazine (10mg IV), metoclo- 
pramide (10mg IV or PO), or ondansetron (4mg IV) are 
considered relatively safe in pregnancy and are particularly 
useful in women who have significant nausea, vomiting, and 
dehydration accompanying their migraines. Metoclopramide 
and ondansetron are pregnancy class B. 

Women who have prolonged, recurrent, or severe mi- 
graines, particularly when resistant to acute treatment, should 
be considered for preventative migraine treatment. Beta 
blockers (atenolol, nadolol, propranolol, and timolol), some 
tricyclic antidepressants (doxepin and protriptyline), fluox- 
etine [a selective serotonin reuptake inhibitor (SSRI)], 
verapamil (a calcium channel blocker) are all class C 
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pregnancy drugs. Tricyclic antidepressants should be stopped 
at least 2 weeks before delivery due to the potential of neonatal 
respiratory distress. 

There is inadequate information regarding use of the newer 
anticonvulsants [lamotrigine, gabapentin (GBP), topiramate 
(TPM), oxcarbazepine and levetiracetam (LEV)] for migraine 
prophylaxis in pregnancy (6). Valproic acid (VPA; pregnancy 
category D) should be avoided in women actively seeking 
to become pregnant or in early pregnancy due to reports of 
risks of neural tube defects (NTDs) when taken early in 
pregnancy (7). 

The safest migraine treatment in pregnancy encompasses 
good headache hygiene—regular meals and sleep, avoidance of 
known migraine triggers for a particular patient, and the 
avoidance of stress when possible. Behavioral therapy such as 
focused relaxation techniques and stress management when 
available can also provide safe alternatives to pharmacologic 
treatment. The same modalities can be beneficial for tension- 
type headache sufferers. 


Tension-Type Headaches 
Tension-type headaches are the most common recurring 
headaches during pregnancy. The headache pain is usually 
described as mild to moderate (less severe than the usual 
moderate to severe pain of a migraine headache). The pain 
quality is dull and aching and located diffusely throughout the 
head or in a band-like encircling pattern. They are not 
typically associated with increased sensitivity to light, noise, or 
physical movement and are not accompanied by nausea and 
vomiting. The duration of tension-type headaches is variable, 
but most last less than a day. Like migraines, they may be 
triggered by stress. The most common variety of tension-type 
headaches is those that occur episodically (1-10 episodes less 
than 15 days a month). Chronic tension-type headaches 
(more than 15 days a month) occur in a small percentage of 
patients and may be associated with medication overuse. 
Tension-type headaches in pregnancy can be treated 
pharmacologically with acetaminophen or NSAIDs (ibuprofen 
or naproxen in the first of second trimesters). Mild tension- 
type headaches often respond to rest, relaxation, cold or hot 
packs, physical therapy, or even acupuncture. Chronic 
tension-type headaches, especially if associated with depres- 
sion, can be treated with an SSRI such as fluoxetine. 


Cluster Headaches 

Cluster headaches are more common in men than women 
(3-5:1) and are seen uncommonly in pregnancy. The typical 
cluster headache is a unilateral orbital, supraorbital, or 
temporal head pain of rapid onset (5-15 minutes to reach 
peak severity) that lasts from 15 to 180 minutes and subsides 
rapidly and completely. The pain is very severe and is usually 
described as boring, claw-like, or exploding. Cluster head- 
aches are usually accompanied by ipsilateral autonomic 
symptoms with some combination of ptosis, conjunctival 
injection, tearing, rhinorrhea, or forehead sweating. Cluster 
headaches may occur several times a day and may be triggered 
by the onset of rapid eye movement sleep, awakening patients 
within an hour after going to sleep. Patients are usually very 
restless during a cluster attack and frequently rock back and 
forth or pace. Lying down (as opposed to migraine) may 
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aggravate the pain. Patients may have one or more attacks a 
day for 1 to 3 months during a cluster period and then have a 
period of complete remission for one to several years. Cluster 
headaches can usually be treated effectively with Oz inhalation 
at 7L/min for 10 minutes by a non-rebreathing face mask. Up 
to two of three patents may obtain significant relief in 5 to 
10 minutes (8). 


Breast-Feeding Following Delivery 

Drugs that are safe during pregnancy are safe to use in breast- 
feeding mothers. Acetaminophen and NSAIDs are considered 
safe for acute migraine and tension-type headaches. Short- 
acting triptans such as sumatriptan (half-life 2.5 hours) can be 
used by women who pump and store breast milk prior to 
triptan use. Beta blockers, verapamil, and narcotics (codeine 
and morphine) are also relatively safe. 


Secondary Headaches 

Secondary headaches in pregnancy include a number of 
disease states with potentially serious morbidity of the mother. 
These include subarachnoid hemorrhage, cerebral venous 
thrombosis (CVT) and stroke, pre-eclampsia, central nervous 
system (CNS) infections, and pseudotumor cerebri. 


Subarachnoid Hemorrhage 

Subarachnoid hemorrhage usually presents with a sudden 
onset, severe headache that patients frequently describe as the 
“worst of their life.” Pregnancy does appear to increase the risk 
of aneurysmal and arteriovenous malformation (AVM) 
rupture with the greatest risk later in pregnancy, at the time 
of delivery, and in the puerperium (9). Most subarachnoid 
hemorrhages can be diagnosed with the use of MRI or CT 
scanning. A small percentage however may have negative 
cranial imaging and require analysis of CSF for detection of the 
hemorrhage. The risk of subarachnoid hemorrhage is 
estimated at 1 to 2per 10,000 pregnancies. 


CVT and Stroke 

The risk of CVT is increased both during pregnancy and in the 
puerperium. Many conditions such at thrombophilias (factor V 
Leiden and prothrombin gene mutations, deficiencies of 
protein C or S, or presence of high titers of antiphospholipid 
antibodies), red blood cell disorders such as sickle-cell anemia 
or polycythemia, local infections (meningitis, cerebral abscess, 
sinus or inner ear infections), and dehydration among others 
can predispose to CVT. When the superior sagittal sinus is 
involved by thrombosis, the intracranial pressure may be 
raised producing headaches and papilledema. If the cerebral 
cortical veins are involved, cerebral hemorrhages, strokes, and 
seizures may occur. Diagnosis of CVT is made by magnetic 
resonance imaging (MRI) and MR venography (MRV). 
Treatment of CVT is anticoagulation with heparin. Warfarin 
is contraindicated in pregnancy due to the risk of fetal 
hemorrhage and malformation. 

The risk of stroke appears to be increased in pregnancy. The 
exact risk is not known but is estimated to be at least several 
fold (10). Most strokes in pregnancy are due to arterial 
occlusions and be accompanied by headache in up to 29% of 
patients (11). Hemorrhagic strokes can also occur in 
pregnancy and may be accompanied by headache in up to 
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57% of patients (11). Pregnancy itself appears to be 
accompanied by a hypercoagulable state predisposing to both 
arterial and venous thrombosis. Cardiac embolic disease, 
systemic or cerebral vasculitis, hematologic disorders, and 
thrombophilias are the common causes of secondary strokes, 
although in up to a third of cases, no clear cause can be 
identified. A reasonable diagnostic approach to a stroke in 
pregnancy includes cerebral imaging with an MRI of the brain, 
a carotid and cerebral MR angiogram, a transthoracic 
echocardiogram with saline contrast injection to look for a 
right to left cardiac shunt, and blood work to help rule out 
hematologic, metabolic, infectious, and inflammatory causes. 
Treatment of stroke in pregnancy must be individualized. 


Pre-eclampsia 

Pre-eclampsia usually occurs in the third trimester and may be 
seen in up to 7% of pregnancies (12). Pre-eclampsia may 
present with headache and may at times be the only symptom 
of the condition. Other signs and symptoms of pre-eclampsia 
include hypertension (BP of 140/90 or greater), proteinuria of 
greater than 300mg/dL, and blurred vision or non-formed 
visual hallucinations. If left untreated, pre-eclampsia may lead 
to a seizure (eclampsia), due to small cortical or subcortical 
hemorrhages. Treatment of pre-eclampsia consists of anti- 
hypertensives to control the hypertension, and if seizures are 
present, use of anticonvulsants (fosphenytoin or possibly LEV) 
to control the seizures. 


CNS Infections 

CNS infections may present with headache, fever, and neck 
stiffness, but are relatively uncommon during pregnancy. 
Suspected CNS infections should be evaluated with MRI brain 
imaging, followed by an analysis of spinal fluid obtained by 
lumbar puncture. CSF analysis should include cultures for 
bacteria, fungi, and acid-fast bacillus, and herpes simplex virus 
polymerase chain reaction. 


Idiopathic Intracranial Hypertension (Pseudotumor Cerebri) 
Women may present with raised intracranial pressure 
(idiopathic intracranial hypertension—IIH) during preg- 
nancy. The risk is higher in obese women. The usual clinical 
manifestations are pressure like or dull, throbbing, generalized 
headache, blurred vision, or tinnitus. The optic disc margins 
may be blurred or frank papilledema may be present. 
Following an MRI brain, a lumbar puncture shows an opening 
pressure of 20 to 25cm or higher. Treatment consists of serial 
lumbar punctures or treatment with acetazolamide (500-2000 mg 
a day). Acetazolamide may be used in the second half of 
pregnancy. Occasionally optic nerve sheath decompression 
may be necessary to help preserve vision (13). 


Diagnostic Evaluation of Headache in Pregnancy 

Evaluation of a pregnant patient with the complaint of 
headache starts with a detailed history and thorough physical 
examination. The history should include a full characteriza- 
tion of the headache, any history of previous headaches, any 
history of recent trauma, a general medical history, and a 
history of concomitant drug use (including prescription, 
nonprescription, and illicit drugs). Both a careful neurologic 
examination and a physical examination should be 
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performed with attention to vital signs, the cranial nerves 
(especially the eyes), the motor and sensory systems, and the 
cardiovascular system. If the fetus is of viable age (24 weeks 
or greater), fetal monitoring should be performed. Appro- 
priate blood work would include a complete blood count and 
differential, comprehensive metabolic profile, erythrocyte 
sedimentation rate, and thyroid function studies. MRI 
procedures (MRI brain, MR angiogram of the cerebral and 
cervical circulation, and MRV) for visualization of the venous 
sinuses with gadolinium are the procedures of choice for 
suspected cerebral or cerebrovascular pathology. If MRI is 
not readily available, noncontrast CT scanning with abdom- 
inal shielding poses very limited risk to the developing fetus. 
As noted above, lumbar puncture should be considered for 
pregnant patients with suspected CNS infection, suspected 
subarachnoid hemorrhage with negative neuroimaging, or 
idiopathic intracranial hypertension. 

In summary, the diagnosis and treatment approach to 
headaches during pregnancy should be directed toward 
providing relief and comfort for the mother and safety for 
the developing fetus. 


MS IN PREGNANCY 

MS is an immune-mediated demyelinating disease of the CNS. 
Up to twice as many women are affected by MS compared with 
men. Up to 80% of women affected by MS develop clinical 
evidence of the disease between the ages of 20 and 40, the 
prime childbearing years. 


Epidemiology of MS 
There is extensive literature on the epidemiology and genetics 
of MS, which can be briefly summarized as follows: 


e Gender: As noted above, MS is more common in 
females by a 2:1 margin. Women tend to present 
earlier than men. Women also tend to have less 
severe disease course overall compared with men. 

e Race: Caucasians have the highest rates of MS, 
particularly those of Northern European ancestry 
(especially those of Scandinavian descent). The risk 
of African-Americans is about half of that of 
Caucasians in the same geographic area. In the 
United States, Asians and Native Americans have the 
lowest rates of MS. 

e Geographic distribution: The prevalence of MS is the 
greatest in temperate climates and increases with 
increasing distance from the equator. The areas of 
greatest prevalence contain a proportionally higher 
Caucasian population. 

e Migration: Epidemiologic studies have shown 
migration affects the development of MS, espe- 
cially if immigration occurs from a low-risk to a 
high-risk area before the age of 15. When 
migration occurs after the age of 15, people tend 
to maintain the risk of their native country. 
Children of immigrants from low-risk to high- 
risk areas (or vice versa) tend to acquire the risk of 
their new homeland (14). 

e Familial occurrence: First-degree family members of 
MS patients have a significantly increased risk (10- 
15 times) of development of the disease. The risk of 
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development of MS for children with one affected 
parent is 1.8%. The concordance rate for the 
development of MS is at least six times higher in 
monozygotic twins compared with dizygotic twins 
(31% compared with 5%) (15). 

e Genetics: Numerous genes have been evaluated as 
possible causes or markers for MS. The strongest 
association with MS has been found in individuals 
who possess certain HLA (human leukocyte anti- 
gens) genes found on chromosome 6. Specifically, 
the presence of HLA-DW2 haplotype is found in up 
to 50% to 70% of northern Europeans with MS. 
The presence of these genes is currently thought to 
confer an increased susceptibility for the develop- 
ment of MS. Multiple other sites on the human 
genome involved in immune function and mod- 
ulation are being examined for their possible role in 
MS (16). 


Types of MS 
Several different subtypes of MS have been identified. 


e Relapsing—remitting MS (RRMS): The most com- 
mon type of MS accounting for up to 60% of 
patients. RRMS patients have discrete attacks of 
neurologic dysfunction (relapses or exacerbations) 
lasting weeks to a few months. Recovery from 
relapses may be incomplete and patients may 
accumulate increasing disability over time. Patients 
tend to have relative stability of disease between 
relapses. 

e Secondary progressive MS (SPMS): Many patients 
with RRMS develop a gradually progressive course 
although they may continue to have occasional 
relapses. SPMS may account for up to 30% of MS 
cases. 

e Primary progressive MS (PPMS): Accounting for up 
to 9% to 10% of MS cases, patients with PPMS have 
a continuous downhill course from onset of the 
disease without relapses. 

e Progressive relapsing MS (PRMS): These patients 
have a progressive course from onset with inter- 
mittent relapses with continuing progression be- 
tween relapses. This pattern can be seen in up to 5% 
of MS cases. 


Clinical Features of MS 

The clinical manifestations of MS are due to lesions in the 
CNS, from lesions in the brain, or spinal cord. Although the 
initial lesions are due to demyelination and may be reversible, 
demyelinating lesions may progress to axonal loss and gliosis 
producing permanent neurologic deficits. MS can produce a 
wide range of neurologic dysfunction. The most common 
clinical manifestations are reviewed below. 
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ankle clonus, and extensor plantar responses 
(Babinski signs) are frequently seen in the legs. 
Spasticity (increased muscle tone) is common in 
the legs and patients may have both flexor and 
extensor spasms in the legs. The motor symptoms 
of MS are frequently worsened after exposure to 
increased environmental temperature and worsen 
later in the day. 

Sensory symptoms: Patients with MS often complain 
of numbness, tingling, or burning sensations. The 
distribution of symptoms usually does not corre- 
spond to a particular nerve root or dermatomal 
pattern. Shock-like or electric-type sensations may 
occur in the neck or back with neck flexion 
(Lhermitte’s symptom). On examination, patients 
may have areas of impaired sensation to light touch, 
temperature, vibration, or position sense. Bilateral 
leg pain is another common complaint in MS. 
Brainstem symptoms: Cranial nerve dysfunction is 
commonly seen in MS. Patients may complain of 
bluffed vision or diplopia and, on examination, may 
have horizontal, vertical, or rotary nystagmus. Many 
patients have an internuclear ophthalmoplegia due 
to a lesion of the medial longitudinal fasciculus in 
the brainstem. In this condition, examination reveals 
an ipsilateral adduction paralysis with nystagmus of 
the contralateral eye. Dysarthria and dysphagia may 
be seen in MS, particularly late in the disease. 
Although hearing loss is unusual in MS, vertigo is a 
fairly common complaint. Trigeminal neuralgia and 
both central and peripheral (Bell’s palsy) facial palsy 
may also be seen. 

Fatigue: Fatigue is one of the most common 
complaints in MS patients and at times may be a 
major source of disability (17). Sleep complaints are 
also common in MS and poor-quality sleep may 
contribute to fatigue. 

Cognitive and psychiatric dysfunction: Many pa- 
tients with MS complain of difficulty with memory, 
thinking, and concentration. Formal neuropsycho- 
logic testing may reveal deficits that patients are 
unaware of. Depression may be seen in up to 75% of 
patients at some time during the disease (18). 
Autonomic disturbance: Many MS patients com- 
plain of difficulty with bowel and bladder or sexual 
dysfunction. Most patients have constipation but 
bowel incontinence and fecal urgency may occur. 
Bladder frequency and urgency is also common in 
MS. Urodynamic studies may be necessary to define 
bladder dysfunction. Up to 50% of female MS 
patients may report sexual dysfunction, which may 
be due to decreased libido, vaginal dryness, or 
impaired perineal sensation. 


Motor symptoms: Muscle weakness is common in 
MS and may be a major source of disability. Muscle 
weakness in MS usually involves the legs to a 
greater degree than the arms or hands and may be 
the greatest in the proximal legs. Hyperreflexia, 


Diagnosis of MS 

The diagnosis of MS can be challenging. As with all medical 
conditions, a careful history is mandatory and should focus on 
current neurologic symptoms, any history of previous 
neurologic dysfunction (possibly indicating a previous un- 
recognized relapse), and inquiry as to other significant medical 
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conditions. A thorough physical examination should be 
performed with a full neurologic examination with emphasis 
on the mental status, visual system, motor and sensory 
systems, gait and balance, and reflexes. 


e Neuroimaging: MRI of the CNS is the most 
sensitive test for determining the presence of 
demyelinating lesions. As up to 10% of MS lesions 
occur in the spinal cord, the cervical and thoracic 
spinal cord should be imaged in addition to the 
brain. Unless contraindicated, MRI imaging should 
be performed with gadolinium enhancement to 
look for evidence of active or acute demyelinating 
lesions. MRI is positive in at least 95% of patients 
with clinically definite MS. Typical MRI lesions in 
MS are seen in the periventricular regions, in the 
corpus callosum, and in the brainstem. Spinal cord 
MRI lesions in MS are often ovoid and involve two 
or less spinal segments. Spinal cord atrophy may 
also be seen. 

e CSF: CSF analysis provides important information 
in MS and should be considered to help confirm a 
diagnosis of MS. The CSF may be abnormal in up to 
at least 80% of MS patients, although a normal CSF 
examination does not rule out the disease. Immu- 
noglobulin G (IgG) in the CSF can be compared 
with levels in the serum and may be elevated in the 
CSF of patients with MS (IgG index and IgG 
synthesis rate). CSF electrophoresis may also reveal 
the presence of oligoclonal bands, which are due to 
IgG synthesis in the CNS. Elevated levels of myelin 
basic protein indicating myelin damage may also be 
seen in MS. None of the above CSF abnormalities 
are specific for MS although their presence in the 
setting of a typical clinical history can aid in making 
a diagnosis. 

e Evoked potentials: Visual evoked potential (VEP) 
and brainstem auditory evoked potentials (BAEP) 
studies are useful at times in the diagnosis of MS as 
they can show subclinical lesions in the visual (VEP) 
and auditory (BAEP) pathways. 


Ultimately, the diagnosis of MS is clinically based and 
usually rests on a clinical history of attacks of neurologic 
dysfunction in different areas of the brain or spinal cord at 
different times supported by evidence of positive findings on 
MRI, in the CSF, or on evoked potential testing. 


Treatment of MS 

Currently, a number of drugs have been shown to modify the 
natural history of MS and are approved to treat both 
the relapsing—remitting and the secondary progressive form 
of the disease. The interferons, glatiramer acetate, and 
natalizumab are approved for the relapsing forms of the 
disease. These drugs alter immune responses and have been 
shown to decrease relapse rates by up to 30% to 50% and are 
thought to retard disease progression over the long term. None 
of the drugs are indicated for use during pregnancy, and it is 
recommended that these drugs be stopped when a woman 
becomes pregnant or ideally 3months prior to attempting to 
become pregnant. 
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The Course of MS in Pregnancy 

Currently, pregnancy is not thought to impact the long-term 
progression of MS. Multiple studies have shown no adverse 
effects on pregnancy outcome in women with MS (19,20). 
Studies have also shown a significantly reduced rate of relapses 
during pregnancy (by 60-70%). Following pregnancy, there 
appears to be an increase in the relapse rate up to 3months 
postpartum (21). Additionally, breast-feeding has not been 
shown to have a significant impact on exacerbation rates (22). 
In short, pregnancy does not appear to influence long-term 
disability in MS and a woman with MS who desires pregnancy 
should not be discouraged from pregnancy if her general 
health is adequate. 

Finally, a woman who does have a significant MS 
exacerbation during pregnancy can be considered for treat- 
ment with glucocorticoids (methylprednisolone—pregnancy 
class C) only if the potential benefit to the mother outweighs 
potential risk to the fetus. Mild or moderate exacerbations are 
probably left best untreated in pregnancy. 

In summary, women with MS who are contemplating 
pregnancy or who have become pregnant should be reassured 
that pregnancy does not adversely affect their long-term course 
of the disease. 


NEUROMUSCULAR DISEASES (NMDs) IN PREGNANCY 
NMDs are traditionally divided into diseases of anterior horn 
cell, peripheral nerves, neuromuscular junction, and skeletal 
muscles. In a pregnant woman, these may be approached as 
two categories: (i) pregnancy-related NMD including dis- 
orders with increased incidence or occurring as specific 
complications during pregnancy, delivery, or postpartum 
period, and (ii) chronic NMD that may influence maternal 
morbidity and mortality as well as fetal outcome. Following 
discussion focuses on the common NMDs encountered during 
pregnancy and puerperium. 


Pregnancy-Related NMDs 

Carpal Tunnel Syndrome 

Incidence of carpal tunnel syndrome (CTS) is two to 
three times in pregnant women as compared with 
nonpregnant women of childbearing age (23). Gestational 
CTS is more common during third trimester. Various 
factors such as edema, weight gain, and abnormal hand 
position with need to sleep on side may contribute to 
increased incidence (24,25). Symptoms of burning pain 
and paresthesia in median nerve distribution or whole 
hand are typically worse at night and may be bilateral in 
60% of patients. Loss of sensation or weakness in median 
nerve distribution, and Tinel or Phalen signs may be 
seen. Electrodiagnostic testing helps to confirm the 
diagnosis and distinguish it from nonspecific paresthesia 
of hands during pregnancy. Spontaneous resolution of 
symptoms occurs in majority in the immediate post- 
partum period, and therefore conservative treatment with 
wrist brace, physical therapy, and modification of activity 
is recommended (23,24). Patients with severe symptoms 
may benefit from corticosteroid injection. Women with 
the onset of symptoms in early part of pregnancy may be 
more likely to fail conservative treatment and need 
decompressive surgery on follow-up (24,26). 
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Lumbar Radiculopathy 

Low back pain affects about 50% of pregnant women. 
Incidence of sciatica-type pain, however, is only 1% and 
clinical signs of radiculopathy are rare, occurring in 1:10,000 
pregnancies (27). Women with prior history of back pain and 
sciatica are more prone to have recurrence during pregnancy. 
Lumbar lordosis, laxity of ligaments due to relaxin hormone, 
and pressure of gravid uterus may contribute to high incidence 
of lumbar pain (24). Lateral disc herniation commonly affects 
L5 or S1 nerve root and central disc herniation may cause 
cauda equina compression. MRI without the use of contrast 
agent is the investigation of choice, but care should be taken to 
interpret MRI abnormality in relation to clinical deficits. Most 
women respond to conservative treatment with analgesics and 
physical therapy (24,27). Decompressive surgery may be 
indicated for uncontrolled pain and neurologic deficits, and 
has been safely performed during pregnancy (28). 


Meralgia Paresthetica 

Lateral femoral cutaneous nerve is prone to entrapment or 
stretch during third trimester due to expanding abdominal 
wall and lordosis (23,29). Symptoms of pain, tingling, and 
numbness over lateral aspect of thigh may be unilateral or 
bilateral. Compression may also occur due to thigh flexion 
during delivery or pressure from the retractor during caesarian 
section. Treatment consists of reassurance for spontaneous 
resolution, and topical Lidoderm patches or local anesthetic 
injection in severe cases (24). Use of GBP or amitriptyline is 
preferably avoided during pregnancy. Intercostal neuralgias 
may also occur due to stretch injury and lead to chest or 
abdominal wall pain in a dermatomal pattern (23). 


Bell’s Palsy 

Risk for Bell’s palsy is three times higher during late pregnancy 
and early puerperium, probably related to increased tendency 
for reactivation of herpes virus infection. Corresponding 
incidence is lower in early pregnancy and therefore overall 
frequency of Bell’s palsy is unaffected during pregnancy (30). 
Typical presentation is unilateral acute facial weakness, which 
progresses over 3 to 7 days. Increased lacrimation, alteration of 
taste, or hyperacusis may be present. There is no increase in 
recurrence rate during subsequent pregnancies. Gestational 
facial palsy is associated with increased occurrence of 
hypertension and pre-eclampsia, and close monitoring of 
affected women is recommended (30,31). Standard treatment 
with short course of prednisone, 1mg/kg for 5 days and 
acyclovir 400mg five times daily for 10 days, is recommended 
except in the first trimester of pregnancy. Lubricating eye 
drops and eye patching are used to prevent corneal injury. 
Prognosis for recovery is excellent in patients with incomplete 
facial weakness; however, worse prognosis during pregnancy, 
noted in some reports, may reflect higher chance of severe 
facial palsy in third trimester. 


Neuralgic Amyotrophy 

Predilection for occurrence of brachial neuritis (neuralgic 
amyotrophy or Parsonage—Turner syndrome) in immediate 
postpartum period is well recognized (32). Clinically, acute 
onset of shoulder/upper arm pain is followed by patchy 
weakness and wasting commonly in the distribution of upper 
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and middle trunks. The disorder may be sporadic or hereditary 
(autosomal dominant) and has possible immunologic basis. 
Bilateral and recurrent episodes are common in familial type. 
The onset may be within a few hours to weeks after the 
childbirth. Mode of delivery does not seem to impact the 
susceptibility. Spontaneous improvement with good motor 
function over 1 to 2years is reported in 80% (27). Manage- 
ment in acute phase includes pain control, range of move- 
ment, and active physical therapy as tolerated. Intravenous 
methylprednisolone or intravenous human immunoglobulin 
(IVIG) may reduce the intractable pain but do not affect the 
course of the disease (33). 


Guillain-Barré Syndrome 

Guillain-Barré syndrome (GBS) is an acute or subacute 
predominantly motor, immune-mediated demyelinating poly- 
neuropathy. Increase in risk for GBS is noted in postpartum 
period although overall incidence during pregnancy is similar 
to general population (27). Diagnosis is based on clinical 
features of generalized weakness, areflexia, elevated protein in 
CSF without pleocytosis, and abnormal electrophysiologic 
studies. Antecedent infection is seen in about two-thirds of 
patients. Significant association with Campylobacter jejuni, 
cytomegalovirus, and human immunodeficiency virus is 
described, and recognition of these infections in pregnancy 
may have important implications for maternal and fetal health. 
Pregnant women with GBS may be more prone to respiratory 
compromise due to elevated diaphragm and about 35% may 
need ventilatory support (34). Preterm labor may be more 
frequent, and caution should be exercised in the use of 
tocolytic agents to avoid autonomic complications. Vaginal 
delivery is possible, and caesarian section is performed for 
obstetric indications only (24). Efficacy and safety of 
plasmapheresis and intravenous immunoglobulin therapy for 
GBS during pregnancy are similar to nonpregnant population. 
General management includes respiratory and hemodynamic 
monitoring, prevention of thromboembolic complications, 
adequate nutrition, and physical therapy. 


Maternal Obstetric Nerve Injuries 

Lumbosacral plexus and its branching nerves are susceptible 
to injury during labor and delivery. The overall incidence of 
intrapartum nerve injuries has declined with present-day 
obstetric care, but is still fairly significant at 1% of live 
births (29). The predisposing factors include primiparity, 
short stature, dystocia, prolonged labor, and improper 
positioning (29). Injury to the components of lower 
plexus (L4-5, S1) presents as postpartum foot drop, while 
injury to the upper plexus (L2-4) causes mainly femoral and/ 
or obturator nerve palsy. Pudendal nerve injuries are related 
to pelvic floor trauma. 


Lumbosacral Plexus Injury 

Lumbosacral trunk is unprotected as it crosses the pelvic 
brim to enter the true pelvis and is prone to compression by 
the fetal head or forceps. Rarely sciatic nerve itself may be 
compressed. Injury to lumbosacral plexus or sciatic nerve 
predominantly affects the peroneal nerve component. Foot 
drop is noted immediately postpartum. There is weakness 
of dorsiflexion, inversion and eversion of the foot, and 
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sensory impairment corresponding to L5 dermatome. Ankle 
reflex is preserved with L4—5 trunk lesion but is absent with 
sciatic nerve injury. Differential diagnosis is from lumbar 
radiculopathy and peroneal nerve compression at the 
fibular neck. Electrophysiologic studies help distinguish 
by findings of denervation in paraspinal muscles in lumbar 
radiculopathy and focal nerve conduction abnormality at 
fibular head in peroneal neuropathy. When difficult to 
distinguish from lumbar radiculopathy, MRI of lumbar 
spine is warranted. 

The lesion is usually neurapraxic with variable axonal 
involvement. Significant spontaneous improvement is 
seen within 3 to 6 months. Patients with more than 50% 
axonal injury show slower and incomplete recovery. 
Treatment is symptomatic with physical therapy and 
ankle-foot orthosis. Caesarian section should be considered 
in subsequent pregnancies to avoid further compromise 
(23,29). Rarely, idiopathic or inherited lumbosacral plexo- 
pathy akin to brachial neuritis may occur in postpartum 
period. 


Peroneal Neuropathy 

External compression of peroneal nerve at fibular head is 
uncommon during labor and may be due to improper 
positioning in stirrups, manual pressure, or prolonged 
squatting. Women who receive epidural anesthesia may be 
more prone as they are not aware of pain and fail to change 
position to prevent prolonged pressure (35). Patients report 
pain and paresthesia over the anterior—lateral aspect of leg and 
dorsum of foot. Foot drop, weakness of dorsiflexion, eversion, 
and toe extension are noted. Normal inversion strength 
distinguishes from L5 radiculopathy and lumbosacral plexo- 
pathy. Nerve conduction demonstrates focal slowing and 
conduction block of peroneal nerve at the fibular head. 
Prognosis for recovery is good. 


Femoral and Obturator Neuropathy 

Incidence of femoral neuropathy in parturients has consider- 
ably declined with modern obstetric care. Branches of the 
lumbar plexus (L2—4) do not enter the true pelvis; 
the compression of femoral nerve therefore usually occurs at 
the inguinal ligament due to prolonged lithotomy position (29). 
Findings include difficulty walking and knee buckling, 
weakness of quadriceps femoris, absent patellar reflex, and 
impaired sensation in saphenous nerve distribution. Weakness 
of iliopsoas when present indicates a more proximal lesion due 
to nerve stretch from abduction and external rotation of hip or 
injury from instrumentation. Proximal part of femoral nerve 
has poor blood supply and is also prone to ischemia. Prognosis 
is favorable in majority of patients consistent with neurapraxic 
injury. 

Obturator neuropathy is much less frequent as the nerve is 
deep within the pelvis and medial thigh. There is weakness of 
thigh adduction and sensory deficit over the medial thigh. A 
combined lesion of femoral and obturator nerves points to 
lumbar plexus involvement. Imaging of pelvis with computed 
tomography or MRI should be performed if intrapelvic 
pathology such as hematoma is suspected. 

Various strategies that may help prevent nerve injuries in a 
parturient include avoiding prolonged thigh flexion and 
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extreme abduction and external rotation, frequent changing 
of the position of lower extremities, and reducing the active 
pushing time (29,35). 


Pregnancy and Chronic NMDs 

Motor Neuron Diseases 

Late-onset spinal muscular atrophy (SMA), poliomyelitis/ 
post-polio syndrome, and amyotrophic lateral sclerosis (ALS) 
may affect women of childbearing age. Pregnancy is rare in 
ALS, but severe exacerbation of ALS and respiratory failure are 
likely during pregnancy. Respiratory function should be 
closely monitored. Patients with severe SMA may be advised 
to avoid pregnancy. Presence of kyphoscoliosis and respiratory 
compromise are the major concerns in pregnant SMA 
patients. There may be increased incidence of premature 
labor in SMA and ALS, but fetal outcome is reported to be 
satisfactory (24,36,37). 

For female survivors of poliomyelitis, spine deformity and 
cephalopelvic disproportion pose risks in pregnancy and 
parturition. Study of a large cohort of women with old 
poliomyelitis showed higher risk of complications during 
pregnancy and delivery, higher rate of caesarian section, and 
low birth weight of infants (38). 


Peripheral Neuropathies 

Chronic Inflammatory Demyelinating Polyneuropathy 
Chronic inflammatory demyelinating polyneuropathy 
(CIDP) is autoimmune acquired demyelinating polyneuro- 
pathy presenting as relapsing or chronic progressive forms. 
CIDP is three times more likely to relapse in pregnancy 
particularly during third trimester and early postpartum 
period (23,27). This is attributed to relative suppression of 
cellular immunity and stimulation of humoral immunity 
during gestation. Fetal outcome is not affected (39). 
Treatment with prednisone can be maintained, but other 
immunosuppressive agents should be avoided. Exacerbation 
is treated with plasmapheresis or IVIG. 


Hereditary Neuropathy 

Charcot—Marie-Tooth disease (CMT) is the most com- 
mon hereditary NMD. Worsening of disease is noted in 
50% of affected pregnant women, especially in those with 
childhood onset of CMT. Endoneurial edema and local 
pressure from gravid uterus may be the contributory 
factors (24). Some resolution of worsening may occur in 
about one-third of patients after delivery, but remaining 
continue to have progressive course. Women with CMT 
may have increased risk for fetal malpresentation, post- 
partum bleeding, and higher incidence of assisted delivery 
or caesarian section (40). 


Myasthenia Gravis 

Myasthenia gravis (MG) occurs predominantly in women of 
reproductive years with peak incidence in third decade (41). 
Management of MG in a pregnant woman is a unique 
challenge needing many therapeutic decisions at different 
stages. The course of MG during pregnancy is unpredictable 
with exacerbation in about 40%, remission in 30%, and no 
change in the remaining (24,42,43). The risk of worsening is 
the greatest during first trimester and early puerperium, and in 
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women with recent diagnosis of MG (31). Women with MG 
who are considering pregnancy should be instructed on 
optimal disease control, minimizing oral immunosuppres- 
sants, and risks to mother and fetus. Elective thymectomy if 
being considered should be done before pregnancy as the 
benefit of thymectomy is delayed (24,41). Treatment with 
acetylcholinesterase inhibitors (pyridostigmine, edropho- 
nium) and prednisone is safe during pregnancy. Immuno- 
suppressive agents such as azathioprine and mycophenolate 
mofetil are contraindicated (41,43). Aggressive treatment is 
needed in patients with bulbar or respiratory involvement. 
Plasmapheresis or intravenous immunoglobulin therapy 
can be used for control of severe symptoms and in 
myasthenic crisis (41). Maintenance IVIG therapy can help 
to avoid the use of immunosuppressive agents. There is 
higher risk of maternal mortality in myasthenic women 
especially within lyear of diagnosis (42). It is advisable 
for MG women to delay childbirth for 2 years after the onset 
of illness. 

MG has no significant effect on fertility, course of 
pregnancy, or mode of delivery (31,43). During labor, MG 
does not affect the uterine contraction; however, myasthenic 
weakness may limit active pushing necessitating assisted 
delivery. Parenteral cholinesterase inhibitors can be used 
during labor to tide over the myasthenic fatigue. Neostigmine 
1.5mg intramuscularly or 0.5 mg intravenously is equivalent to 
60mg oral dose of pyridostigmine. Magnesium sulfate as well 
as neuromuscular blocking agents should be avoided as these 
can aggravate weakness or precipitate myasthenic crisis (43). 
Care is also needed while managing pain, infection, and 
hypertension to avoid medications that may potentiate muscle 
weakness in MG. 

Fetal/neonatal complications in myasthenic pregnancies 
include higher perinatal mortality (6-8%), stillbirth (2%), 
pulmonary hypoplasia, polyhydramnios, neonatal MG (10- 
20%), and arthrogryposis multiplex congenita (AMC) 
(31,41,42). Neonatal MG is related to placental transfer of 
acetylcholine receptor antibody. The neonate may develop 
hypotonia, poor sucking and swallowing, and respiratory 
difficulties. The onset is within 1 to 4 days and weakness 
resolves over 4 to 6 weeks. Intrauterine exposure to acetylcho- 
line receptor antibody is also the basis for poor fetal movement 
and consequent AMC (27). There is a high risk of recurrence 
of AMC in subsequent pregnancies. 


Muscle Diseases 

Myotonic Dystrophy Type 1 

An autosomal dominant, trinucleotide (CTG) repeat disorder 
is the most common muscular dystrophy of adulthood (24). 
Pregnancy in DM1 carries multiple risks for mother and fetus. 
The course of disease may be accelerated with increasing 
muscle weakness, congestive hear failure, and respiratory 
compromise. There is increased risk of spontaneous abortion, 
polyhydramnios, preterm labor, uterine atony, and postpar- 
tum hemorrhage (27,44). Perinatal loss may be up to 15%. 
Congenital myotonic dystrophy is a maternally transmitted 
condition and is reported in 6% to 20% of infants (24,44). 
Prenatal diagnostic testing is available. At times, the mother is 
first diagnosed with DM1 when she delivers an affected child. 
During pregnancy and delivery, use of tocolytic agents, 
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pentobarbital, and neuromuscular blocking agents should be 
avoided. 


DM Type 2 

This follows a more benign course than DM1 (45,46). 
Pregnancy may unmask or exacerbate the symptoms of 
DM2 in affected women. There may be predisposition to 
pre-term labor but no increase in fetal or perinatal loss is 
reported. Congenital myotonic dystrophy does not occur 
with DM2. 


Other Rare Inherited Muscle Diseases 

Some of these are likely to be encountered in a pregnant 
woman: facioscapulohumeral muscular dystrophy and various 
forms of congenital and metabolic myopathies. Vaginal delivery 
is possible in majority of the affected women. Increased muscle 
weakness during pregnancy, low birth weight, need for 
operative delivery, and presence of AMC are variably reported 
(24,27,47). Inhaled anesthetics are contraindicated as these may 
precipitate malignant hyperthermia (48). 


Inflammatory Myopathy 

Polymyositis and Dermatomyositis 

This can affect women of childbearing age. Pregnancy may 
worsen the disease course. Women in clinical remission of 
polymyositis/dermatomyositis (PM/DM) carry no increased 
risk for obstetric complications. Active disease during 
pregnancy, however, is linked to poor outcome with almost 
50% chance of fetal death and 33% incidence of intrauterine 
growth retardation (49). Corticosteroids are the mainstay of 
treatment. IVIG has been used for exacerbation or as 
maintenance treatment (50). Caution is needed while using 
chemotherapeutic agents. Assisted vaginal delivery or caesar- 
ian section is recommended to avoid maternal exhaustion and 
to reduce the risk of rhabdomyolysis. 


EPILEPSY AND PREGNANCY 

Epilepsy is a neurologic disorder that causes recurrent 
unprovoked seizures. There are an estimated 50 million people 
with epilepsy worldwide. Many issues in the treatment of 
epilepsy are sex specific. In women, this is not only related to 
maternity issues such as pregnancy and delivery, but also to 
puberty, menstruation, and contraception. The care of women 
with epilepsy (WWE) requires an understanding of anti- 
epileptic drug (AED) pharmacology, and the neuroendocrine 
changes during the menstrual cycle and pregnancy. This 
review will be divided into three parts: WWE before pregnancy 
(preconceptual), pregnancy and epilepsy, and postpartum care 
of WWE. 


WWE Before Pregnancy (Preconceptual) 

Every woman with childbearing capability should receive 
preconceptual care and counseling with her neurologist. The 
woman should be asked about her seizure type and frequency 
and response to AED therapy, as well as side effects. Additional 
information should include the menstrual cycle, method of 
contraception, plans for pregnancy, and history of birth 
defects or major malformation. This section will discuss the 
basic principles of AED therapy before pregnancy, oral 
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contraception, the interaction of AEDs, sex steroid hormones 
and seizures, and teratogenicity of AEDs. 


Seizure Management Before Pregnancy 

In every epilepsy patient, the first goal is the optimization of 
AED treatment with no seizures and side effects (51—53). It is 
advisable to give the lowest possible AED dose or sub-toxic 
dose. The appropriate drug is based on the epilepsy syndrome 
and seizure type (generalized vs. partial seizures). Each 
epilepsy patient is different in their dosage requirement, 
tolerance, and side effects. Preferably, AED monotherapy 
should be used. When seizures are controlled, it is important 
to obtain a baseline preconceptual (or prepregnancy) AED 
level. A trough or pre-dose AED level, which is before the first 
morning dose, should be measured. This AED serum level will 
serve the individual’s therapeutic level and this may be within 
or outside the therapeutic range reported by the laboratory. 
This can also serve as an important marker for drug 
compliance, and to monitor serum drug fluctuations during 
menstruation, pregnancy, or hormonal contraception. Poorly 
controlled seizures despite multiple AED therapy should 
prompt a referral to an epilepsy center for comprehensive 
evaluation. 

If a woman with epilepsy plans to become pregnant and is 
taking a drug with high teratogenic potential, attempts can be 
made to switch her to a drug with a more favorable teratogenic 
profile. However, these medication changes should be 
completed at least 6months before a planned conception, if 
possible, to avoid fetal damage from a breakthrough seizure. 
When the seizures are controlled, the woman should be 
advised not to discontinue or lower the dose of the AED if she 
desires to become pregnant or if she discovers to be pregnant. 
WWE are also advised not to switch an AED indiscriminately 
without notifying their neurologist or family physician. 
Discontinuation of AEDs is appropriate if the patient is 
seizure free for 2 to 5 years, has a normal EEG, normal 
neurologic examination, and with a single seizure type. Some 
women who have not satisfied all these conditions may also 
wish to try discontinuing AEDs because of concerns about 
teratogenic effects or interference with hormonal contra- 
ception. Before doing so, the risk of seizures must be carefully 
considered. The risk of seizure recurrence is the greatest within 
the first 6 months after discontinuation (51). 


Oral Contraception and Antiepileptic Medications 

Beginning in adolescence, it is important to be sure that all 
female patients have full information regarding effective 
contraception (54-56). Contraceptive management requires 
careful consideration and is closely tied to epilepsy manage- 
ment. However, only 3% of pregnant women saw an 
obstetrician in the 3 months before conception, whereas 
another survey found that one-third had never been counseled 
regarding the issues of pregnancy and seizures. A number of 
safe and effective methods of contraception are available. Like 
all women, WWE must carefully consider their best contra- 
ceptive option; however, they need additional information 
regarding the possible interaction of their epilepsy medication 
and contraceptive choice. Most studies have shown that 
estrogen-based contraceptives do not affect seizure frequency. 
Most current guidelines suggest that the combination oral 
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contraceptive (COC) pills give a sufficient dose of estrogen to 
inhibit ovulation, generally 35 ug or greater. It is the progestin 
component that prevents breakthrough bleeding and is only 
indirectly involved in contraceptive efficacy. In the ideal 
situation, oral contraceptive (OC) is highly reliable with an 
annual failure rate of <1%. The annual failure rate of OC with 
AED use is about 6%. Enzyme-inducing AEDs (EIAEDs) affect 
the efficacy of COC. The EIAEDs include phenytoin (PHT), 
primidone (PMD), phenobarbital (PB), carbamazepine 
(CBZ), TPM, felbamate, and oxcarbazepine. They do this by 
inducing enzymes, that is, CYP3A4 component of the hepatic 
cytochrome P450, leading to faster clearance of steroid 
hormones and by increasing the production of sex hormone- 
binding globulin (SHBG) (51,55). For WWE taking EIAEDs, 
COCs containing 1mg of norethindrone, 0.150mg of 
levonorgestrel, or 0.300mg of norgestrel are recommended. 
COCs with at least 50ug of the estrogen component are 
recommended. If there is breakthrough bleeding, the 
estrogen dose may be increased to 75 to 100p1g daily. Other 
methods of contraception are barrier methods (e.g., condom, 
diaphragm, cervical cap). EIAEDs reduce the contraceptive 
efficacy of levonorgestrel implant but not with intramuscular 
medroxyprogesterone. It is recommended that injections be 
administered every 10 weeks instead of the usual 12 weeks for 
WWE. If the “morning after pill” containing levonorgestrel 
postcoital contraception is used after unprotected sexual 
activity, some practitioners recommend that the first dose 
should be doubled to two pills. IUDs that contain progestin 
or Mirena coil that secrete levonorgestrel hormone locally 
and copper IUDs are not known to be affected by EIAEDs. 
The rhythm method is not a reliable method of birth control 
for WWE. EIAEDs also affect the efficacy of transdermal 
contraception. There is no additional risk of OC failure with 
non-EIAEDs. AEDs that do not induce cytochrome P450 3A4 
enzymes include VPA, GBP, LEV, tiagabine (TG), vigabatrin 
(VG), zonisamide (ZON), and pregabalin (PG). Vagal nerve 
stimulators, which are used in refractory epilepsy, have no 
effect on sex hormone metabolism. 

There is a special situation where seizure exacerbation may 
occur among women taking lamotrigine and OCs (55). It has 
been found that lamotrigine levels, when adjusted for dose and 
body weight, were found to be reduced by 50% in a group of 
22 women taking lamotrigine and an OC that combined 
ethinyl estradiol and levonorgestrel compared with women 
taking lamotrigine alone. Further evaluation of this interaction 
has shown that it is the ethinyl estradiol component that 
produces the interaction; the progestin component has no 
effect on lamotrigine levels. The mechanism of this interaction 
is the induction of uridine diphosphate-glucuronyl-transferase 
1A4 by ethinyl estradiol, which is the main metabolic enzyme 
for lamotrigine. The lamotrigine—OC interaction is further 
complicated by the risk that lamotrigine levels will increase 
during the OC placebo or pill-free week, which in most 
regimens occurs every fourth week. There are reported 
increase in lamotrigine levels of 27% on the 3rd placebo day, 
63% on the 5th, and 116% on the 7th placebo day relative to 
lamotrigine levels during OC administration. There is also a 
bidirectional interaction for OCs and lamotrigine, in which 
lamotrigine was associated with a small decrease in levels of 
progestin, levonorgestrel, by 12% (54-56). 


25.10 


Sex Hormones, Reproductive Function, and Seizures 

To understand the far-reaching effects of epilepsy and AEDs 
on hormones and vice versa, the reader must review the 
normal physiologic mechanisms of the hypothalamic- 
pituitary-gonadal axis (HPGA). In the female, the gonado- 
tropin-releasing hormone (GnRH) is secreted by the 
hypothalamus. This stimulates the anterior lobe of the pituitary 
leading to the release of the follicle-stimulating hormone (FSH) 
and the luteinizing hormone (LH). FSH and LH, in turn, 
stimulate the formation of ovarian follicles, hence stimulating 
the release of estrogen (estradiol). This phase is the follicular or 
preovulatory phase; the phase occurs when LH stimulates the 
preovulatory follicular theca cells to secrete androstenedione, 
which aromatizes into estradiol. Estradiol binds to the SHBG, a 
glycoprotein that acts as a carrier in the bloodstream. This feeds 
back to the hypothalamus with high levels of estrogen; the 
hypothalamus increases the release of GnRH, which increases 
the amount of LH and FSH. A spike of FSH and LH from the 
pituitary results in ovulation and the follicle transforms into the 
corpus luteum. This marks the luteal phase in which the corpus 
luteum produces both estrogen and progesterone. Progesterone 
feeds back to the hypothalamus and inhibits GnRH secretion 
and thus the decrease in FSH and LH from the anterior 
pituitary. As the corpus luteum breaks down, the inhibition of 
the hypothalamus lessens and the cycle begins again (57). 

There is an interaction between steroid sex hormones 
(estradiol, progesterone) and neurons. Estrogen is known as a 
proconvulsant and progesterone, a potent anticonvulsant. 
Overall, the ovarian sex steroids act at the level of the neuron 
in the CNS and alter the frequency and severity of seizures. It 
has been shown in WWE that intravenous administration of 
conjugated estrogens activates epileptiform discharges and 
may result in seizures. Estradiol also potentiates glutamate 
receptor-mediated excitatory post-synaptic potentials and 
excitatory post-synaptic currents on hippocampal CA1 
pyramidal cells. Progesterone exerts an inhibitory effect via 
metabolites such as allopregnanolone, which is a GABA-A- 
receptor-modulating neurosteroid. Progesterone increases 
seizure threshold and also has anti-anxiety and sedating 
effect. The effect of sex hormones and neuronal excitability 
may explain the pattern of seizure exacerbation during 
menstruation. Seizures have been reported to occur in a 
cyclic pattern in between 5% and 70% of WWE, for example, 
catamenial epilepsy. About 35% of WWE will have significant 
(> two times) increase in seizure frequency around 
menstruation. Women with localization-related epilepsies 
may have an increase in seizures at the time of menarche. 
Treatment with progesterone may be helpful and the average 
decline in seizure frequency is about 55%. The possible side 
effects of progesterone treatment include sedation, depres- 
sion, weight gain, breast tenderness, and breakthrough 
vaginal bleeding. This is managed by discontinuing the 
progesterone or lowering the dose (57). 

WWE are at risk for altered neuroendocrine regulation 
(56,57). Epilepsy can affect the various aspects of sexual and 
reproductive functioning. The most common symptoms are 
hyperandrogenism, menstrual disorders, ovarian failure, 
polycystic ovary syndrome (PCOS) with or without divalproex 
(VPA) therapy, hyperinsulinemia, and weight gain especially 
with VPA therapy. An unusually high number of WWE will 
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have some degree of sexual or reproductive dysfunction, which 
can include difficulty with libido, arousal, orgasm, and 
menstrual irregularities. Menstrual disturbances are more 
frequent with epilepsy as compared with women without 
epilepsy. This is particularly common with temporal lobe 
epilepsy. About 30% to 50% of women will have menstrual 
irregularities, reduced fertility, irregular bleeding, and anovu- 
lation. Aside from catamenial epilepsy, another reproductive 
hormone-related disorder in WWE is PCOS. It is characterized 
by polycystic ovaries on ultrasound, hirsutism, obesity, acne, 
endocrine disturbance, elevated LH/FSH ratio, chronic 
anovulation, and increased risk of endometrial cancer and 
breast cancer (54). The prevalence of PCOS in the general 
population is approximately 17% to 22% of women. Up to 
15% of females with primary generalized or partial seizures 
may exhibit features of PCOS. With the frequent disruption of 
the normal function of the HPGA caused by ictal and interictal 
epileptiform discharges, a whole cascade of events happens. 
The LH/FSH rates are elevated, and follicular maturation is 
disrupted leading to elevation in androgens, leading to 
hyperandrogenism. The fertility rate of WWE is about 60% 
to 80% of the normal population, the major contributing 
factor being PCOS. Anovulatory cycles are more frequent in 
women with idiopathic generalized epilepsy and those taking 
VPA. The management of PCOS should be symptom focused 
and individualized, such as encouraging weight loss if body 
mass index >25kg/m° or fasting glucose tolerance is above 
normal and the insulin level is elevated. Hirsutism can be 
managed by laser treatments, electrolysis, waxing, and 
bleaching to improve hair growth. Hyperandrogenism can 
be treated with a combination of estrogen only and combined 
contraceptives, which are used in the first 21 days of the 
menstrual cycle and antiandrogen acetate (50-100mg), used 
for the first 10 days of menstruation. OCs are useful in 
adolescents to prevent unwanted pregnancy but may worsen 
insulin resistance associated with PCOS. Spironolactone with 
antiandrogenic properties can be tried in young women where 
oral contraception is contraindicated (54). 


AEDs and Teratogenicity 

Rates of congenital malformations range from 2.3% to 18.6% 
(combined risk about 7%) in infants of WWE versus 2% to 3% 
in the general population (58—65). Estimates of risk vary, but a 
recent study indicates 4.5% frequency for AED monotherapy 
in utero exposure and 8.6% for AED polytherapy. The most 
common major congenital malformations are heart mal- 
formations (e.g., ventricular septal defect), urologic defects Z 
(e.g., hypospadia), skeletal abnormalities (e.g. radial ray 
defects, phalangeal hypoplasia), and NTDs (e.g., spina bifida) 
(58-65). Congenital malformations are physical defects that 
warrant medical or surgical intervention and cause major 
functional problems. Most major and minor malformations 
have been reported with the older AEDs such PHT, CBZ, PB, 
and VPA largely because they are the most widely used AEDs 
globally. Exposure in the first trimester poses the highest risk. 
Barbiturates have been found to be associated with major 
congenital malformations. PHT has been associated with facial 
clefts, congenital heart defects, and urogenital defects. There 
have also been reports of dysmorphic facial features and distal 
phalangeal hypoplasia with PHT. CBZ has been associated 
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with NTDs, heart defects, hypospadias, hip dislocations, and 
inguinal hernia. PHT, CBZ, and PB are folic acid antagonist, so 
their teratogenicity may be attributable to their folate 
deficiency. VPA has been shown to carry a high risk of spina 
bifida aperta, cardiovascular complications, urogenital mal- 
formations, and skeletal defects. Association of VPA with 
congenital defects is dose dependent and is most likely when 
VPA is used with polytherapy and monotherapy above the 
doses of 1000mg/day. Minor anomalies are deviations from 
the normal morphology, but do not threaten health, impair 
function, or require intervention. Examples include hyperte- 
lorism (widely spaced eyes), low set ears, and distal phalangeal 
hypoplasia. Minor anomalies occur at a rate of up to 30% in 
the offspring of WWE taking AEDs versus 15% in newborns of 
matched controls without epilepsy. 

Knowledge of the effects of newer generation AEDs is 
incomplete. Data on GBP, OXC, PG, TG, and TPM are very 
limited. One study did find an association between OXC and a 
major malformation. LTG has the most data available at this 
time, primarily from the Lamotrigine Registry and the UK 
Epilepsy and Pregnancy Registry. When LTG and VPA are 
given together, there is a higher frequency of major 
malformations. Emerging data from a pregnancy registry 
suggest an association between LTG and nonsyndromic oral 
cleft lip/palate 24 times greater than expected. Data on ZON 
are quite limited. Very few pregnancy outcomes have been 
reported with LEV, but it has been speculated that LEV may 
have a favorable profile for pregnant women because it has 
<10% protein binding and is eliminated primarily via renal 
excretion and extrahepatic hydrolysis. Renal blood flow 
increases in early pregnancy and persists throughout; LEV 
elimination has been found to be enhanced with this increased 
renal blood flow. Preliminary studies have noted a good 
pregnancy safety profile with LEV; however, more data are 
needed before it can be said to be non-teratogenic. 

There are different pregnancy registries in epilepsy with 
varying results in the rate of major malformations (58). The 
North American Registry with over 3000 women enrolled 
while having AED during pregnancy has reported that PB 
(6.5%) and valproate (10.7%) have increased rates for major 
malformations. There is also a specific risk for cleft lip/palate 
(0.89%) for lamotrigine and CBZ (0.57%). The UK registry 
with 3607 pregnancy outcomes found higher major mal- 
formation rate for valproate (6.2%) and increased risk for 
lamotrigine at higher dose. LEV was associated with major 
malformation in 2.7%. The Australian Registry with 555 
outcomes reported malformations in 5% of live births and 
additional 1% in induced abortions. Valproate monotherapy 
in the first trimester at doses above 1100 mg/day was associated 
with significantly higher risk (38.5%) of malformations than 
other AEDs, which were 3.8% for CBZ, 0% for lamotrigine, 
and 5.9% for PHT. Both the Swedish and Finnish Birth 
Registries reported higher malformation rates for valproate. 
Valproate effect was dose dependent in the Finnish study. The 
International Lamotrigine Pregnancy Registry reported 2.9% 
risk for malformation, which was not dose dependent. 

Animal studies have demonstrated that in utero AED 
exposure can produce behavioral defects at dosages lower than 
those required to produce somatic malformation 
(59,61,63,65). Cognitive studies in humans are less clear. 


25.11 


There has been no evidence that children exposed to CBZ 
produced IQ impairment or autistic spectrum disorder. By 
contrast, valproate in utero exposure was associated with lower 
IQ scores and impairment of verbal/language skills. The effect 
of valproate was dose dependent. Prospective population- 
based studies give no definite evidence that CBZ or PHT fetal 
exposure impair intelligence. Data on fetal PB exposure are 
insufficient. AED polytherapy in utero exposure results in 
higher risk for cognitive/behavioral teratogenesis. There is no 
information to suggest whether some combination would be 
safer or more hazardous than others, except that polytherapies 
with valproate appear to be at higher risk. Overall, polytherapy 
is associated with more negative effects on cognitive function- 
ing than monotherapy. 

The mechanism underlying adverse AED effects on 
development is uncertain. Teratogens interact with genotype 
to produce both anatomic and behavioral defects (59). 
Whether a defect occurs depends on susceptible genotype 
and may involve interaction of multiple liability genes. 
Proposed mechanisms underlying teratogenicity of AEDs 
include folate, ischemia, neuronal suppression, reactive 
intermediates (e.g., epoxides or free radicals), and AED- 
induced neuronal apoptosis. Neuronal dysfunction short of 
apoptosis or migration disorders may also contribute. 
Mechanisms of anatomic and behavioral teratogenesis may 
well differ since it appears that anatomic defects result from 
first-trimester AED exposure while behavioral defects arise 
from third-trimester exposure. A leading hypothesis of 
anatomic teratogenesis involves oxidative macromolecular 
damage from free radicals formed as reactive intermediates of 
AED metabolism. AED-induced apoptosis has been proposed 
as a possible mechanism for the behavioral deficits. Wide- 
spread neuronal apoptosis in animals occurs as a result of 
exposure to clonazepam, diazepam, PB, PHT, VG, or valproate 
in neonatal rats. The effect is dose dependent, occurs at 
therapeutically relevant blood levels, requires only a relatively 
brief exposure, and can be synergistic suggesting possible 
increased polytherapy risk. Similar apoptotic effects were not 
seen at therapeutic dosages for CBZ, LEV, lamotrigine, or 
TPM monotherapy. Further, fetal exposure of GABAergic 
AEDs such as valproate and VG can result in hippocampal and 
cortical dysplasia secondary to impaired migration and 
neuronal death. 


Folate Supplementation 

Folate is a water-soluble coenzyme that occurs naturally in 
food (e.g. green leafy vegetable, dried beans, fruits). In 
addition, fortified foods like ready-to-eat cereals are fortified 
with 100% of the recommended daily allowance for folate. 
Even so, most women do not consume enough folate that is 
provided in supplements and added to fortified foods. Folate 
helps produce and maintain new blood cells and is necessary 
for proper CNS development. This is especially important 
during periods of rapid cell division and growth as early in the 
first trimester of pregnancy. Folate-deficient women who 
become pregnant are at greater risk of giving birth to lower 
birth weight premature infants. Folate deficiencies have been 
implicated in the development of certain birth defects, 
particularly NTDs. Neural tube closure occurs at about day 
26 of pregnancy, often before a woman is aware that she is 
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pregnant. Neural tube and cardiac defects occur in the first 
28 days following conception, so folate supplementation 
should begin before conception is attempted and continue 
throughout the pregnancy. If folate supplement is begun more 
than 30 days after conception, it will not provide protection 
against NTD. About 40% to 50% of pregnancies with epilepsy 
are not planned and, hence, it is reasonable to recommend 
routine use of folate supplement for any women of child- 
bearing age considered to be at risk for pregnancy. Evidence is 
mounting that folic acid protects developing fetuses against 
NTDs. There have been studies that have failed to demonstrate 
a neuroprotective effect for periconceptual folate supplemen- 
tation. Folic acid supplementation may enhance PHT 
metabolism and thus lower PHT blood levels, placing women 
at risk for breakthrough seizures. EIAEDs have been shown to 
decrease serum folic acid levels by increasing the metabolism 
of circulating folic acid. The appropriate dosage for folate is 
probably dependent on a variety of factors including AED/no 
AED therapy, whether AED is taken, maternal age, and other 
concurrent medication. For any sexually active woman of 
childbearing potential, recommended daily allowances of folic 
acid have been increased to 400pug/day for nonpregnant 
women, 600yg/day for pregnant women, 600pg/day for 
pregnant women and those contemplating pregnancy, and 
500 g/day for lactating women. Many epileptologists recom- 
mend higher doses (800pg/day to 4mg/day) for WWE. In 
most cases, folate intake should not exceed 1000g daily to 
avoid provoking seizures or masking the hematologic effects of 
By deficiency and pernicious anemia. However, for women 
with a family history of NTDs, 4mg/day is the recommended 
dosage and vitamin Bı levels should be checked (54). 


Epilepsy Care During Pregnancy 

WWE can be reassured that having epilepsy should not 
prevent them from having children. About 1 million WWE in 
the United States are of childbearing age, and about 20,000 
babies are born to WWE each year. It is probably not helpful to 
change an AED during pregnancy with the goal of using a less 
teratogenic drug, because of the critical phases of embryologic 
development occur very early in pregnancy. Despite the 
increased risk of maternal and fetal complications, around 
90% of pregnant WWE deliver healthy newborns. Close 
medical care, however, is essential. A multidisciplinary 
approach is recommended, involving a patient’s primary care, 
an obstetrician who specializes in high-risk pregnancies, and a 
neurologist (60). 


EPILEPTIC SEIZURES DURING PREGNANCY 

Epilepsy per se does not pose a teratogenic risk. Most WWE 
have no change in seizure frequency during pregnancy or even 
develop fewer seizures. Only 15% to 33% have more seizures 
during pregnancy (51,66-68). AED pharmacokinetics is 
altered during pregnancy. Serum drug concentrations are 
reduced by increasing maternal blood volume, a phenomenon 
that reaches its nadir at term (69,70). However, seizure 
frequency increases as early as the first trimester and not 
necessarily around term, so reduced AED levels only partially 
explain the phenomenon. Hormonal changes may also 
contribute: the ratio of estrogen (which lowers seizure 
threshold) to progesterone (which raises seizure threshold) 
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increases during pregnancy reaching its peak between weeks 8 
and 16. Other factors that may contribute to a lower seizure 
threshold include stress, anxiety, and sleep deprivation. Also 
some women stop therapy because of the fear of teratogenic 
effects. Generalized tonic clonic seizure during pregnancy can 
result in fetal intracranial hemorrhage, transient fetal brady- 
cardia, heart beat variability, fetal hypoxia, and stillbirth. 
Status epilepticus resulted in 30% maternal mortality and 50% 
infant mortality. There is no evidence that non-convulsive 
seizures during pregnancy adversely affect outcome apart from 
trauma. 


Therapeutic Drug Monitoring During Pregnancy 

Several published guidelines recommend monitoring serum 
AED concentration at the beginning of every trimester and 
lmonth after delivery (69,70). Monitoring free drug concen- 
tration has been recommended for both highly and moder- 
ately protein bound drugs such as PHT, PB, CBZ, and sodium 
valproate. Additional monitoring should be considered if 
adverse effects or poor seizure control are seen, or if non- 
adherence is suspected. In view of the large inter- and intra- 
individual variation of drug concentrations, some have 
recommended monthly serum AED concentration monitor- 
ing, particularly for lamotrigine. Since well-defined therapeu- 
tic ranges have not been established for the newer AEDs, 
including lamotrigine, it is suggested that an optimal 
therapeutic range should be established for each particular 
individual before conception and that this be used to guide 
dosage adjustment during pregnancy. Identifying an indivi- 
dual therapeutic range prior to pregnancy is similarly useful 
for older AEDs, as the clinical response to similar doses and 
serum drug concentrations can be highly variable. If AED 
doses have been increased during pregnancy, they should be 
readjusted after delivery, as concentrations normalize quickly 
in the postpartum period. At this time, AED toxicity may 
occur and serum concentrations may be a useful guide for 
reestablishing the correct dose. 

By contrast, the unpredictability and variability of serum 
drug concentration have prompted others to recommend a 
more conservative approach, with alterations in dosage being 
made on clinical grounds. The practical limitations of free 
drug concentration monitoring and lack of a population target 
range make adjustments made on clinical grounds a more 
attractive and pragmatic approach. In fact, current evidence 
has failed to show that routine adjustment of AED doses 
during pregnancy based on serum concentration improves 
seizure control. There are no studies comparing seizure 
control in pregnancy in those with serum monitoring and 
those without. Additionally, increases in dose may potentially 
harm the fetus. While most changes in the dose are made in 
the second and third trimesters of pregnancy, when organo- 
genesis is complete, there is concern that the potential longer 
term adverse effects of AED exposure in utero may be more 
likely to be related to exposure in the latter half of pregnancy. 
Women should have the opportunity to discuss the pros and 
cons of routine AED dose adjustment, and their views of the 
relative risk of seizures and potential adverse fetal outcomes 
should be taken into account. In practical terms, routine 
monitoring of serum AED concentration in pregnancy is not 
useful unless directed at answering a specific clinical question. 
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For example, if seizures increase or are likely to increase, 
serum AED concentrations may be useful to plan or anticipate 
the extent of the change (69). 


Prenatal Screening for Fetal Malformations 

All WWE should be offered prenatal screening for fetal 
malformation: maternal serum alpha-fetoprotein testing at 14 
to 16 weeks of gestation and structural ultrasonography at 16 
to 20 weeks of gestation (51). Performed together, these tests 
have more than 95% sensitivity in detecting open NTDs. 
Patients with equivocal results should undergo amniocentesis, 
which increases the sensitivity to more than 99%. Cardiac 
anomalies can also be diagnosed prenatally with detailed 
sonographic imaging of the fetal heart (18—20weeks of 
gestation), which is 85% sensitive. The accuracy of ultrasono- 
graphy for the prenatal diagnosis of cleft lip is less well 
established. The screening test has inherent ethical implica- 
tions and may lead to difficult choices if a problem appears to 
be present. 


Vitamin K Supplementation 

Some case series have found that newborns exposed to 
EIAEDs have a higher risk of hemorrhagic disease of the 
newborn, a condition that has a mortality rate of up to 30%. 
When it occurs, bleeding usually happens within the first day 
of life and affects internal organs such as the lungs, 
abdomen, and brain. It is not clear whether the alteration 
of vitamin K metabolism caused by some AEDs is the only 
mechanism at work. 

It is suggested that oral vitamin K supplementation at 10 to 
20mg/day be prescribed during the last month of pregnancy 
and 0.5mg administered intramuscularly immediately after 
delivery for WWE. This is particularly important for women 
taking EIAEDs. Vitamin K is recommended for all neonates at 
birth; however, neonates born to WWE should be monitored 
for bleeding. The recommended dosage for neonates is 1mg 
intramuscularly or intravenously at birth. If a woman has not 
taken vitamin K before beginning labor, it can still be 
administered during labor (51,53). 


Labor and Delivery 

About 95% of WWE have a safe vaginal delivery, without a 
seizure during, or in the 24 hour following, delivery (51,53). 
Women with generalized epilepsy are more at risk for 
seizures during delivery than are those with partial epilepsy. 
It is important to remind WWE to bring their AEDs to the 
hospital during labor and to take regular doses during this 
period under the supervision of hospital staff. Subther- 
apeutic or barely therapeutic AED concentrations can be a 
cause of seizures during labor and delivery. Intravenous or 
intramuscular AEDs may be needed if the woman is not able 
to keep down oral medication. Sleep deprivation can 
provoke a seizure, so in some cases, obstetric anesthesia 
may be indicated prior to delivery. WWE are more likely 
than the general population to have labor induced, although 
epilepsy is not an indication for induction. Cesarean 
sections and mechanically assisted delivery are also more 
common in WWE. 
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Epilepsy Care After Pregnancy 

Postpartum Care and Breast-Feeding 

New mothers with epilepsy should be encouraged to breast- 
feed their babies. Most experts believe that the benefits to the 
mother and baby outweigh the risk (54,67). All AEDs cross 
into breast milk, but only the free fraction—that which is not 
bound to maternal serum binding proteins—is available to 
cross. Breast-feeding conveys substantial benefits to the infant, 
and these benefits to the mother and infant outweigh any risk 
from AED exposure. AED concentrations in breast milk are far 
less than maternal serum levels; however, serum half-life of 
AEDs is longer in the neonate than in the mother. Never- 
theless, the American Academy of Neurology supports breast- 
feeding for infants whose mothers are taking AEDs. Caution is 
advised if the mother is treated with PB, ESM, or PRM. For 
infants of women taking high-dose LTG, drug levels and 
adverse events in the infant should be monitored. Parents 
should alert their pediatricians if increased lethargy is noted. 
When the baby is born, an appointment for a neurologic 
evaluation should be made for age 4 to 6weeks (67). 

AED levels should be monitored closely in the weeks 
following delivery. During this period, AED levels may 
increase gradually. The increase in postpartum plasma levels 
of EIAEDs starts about 10 to 14 days postpartum. The levels of 
drugs that are excreted renally such as LEV, OXC, and LTG 
increase within days of delivery. Thus, some women require 
dose adjustment immediately following delivery. 


Parenting Issues and Safety 

WWE need to organize their lives to minimize fatigue in the 
weeks following delivery in order to minimize the occurrence 
of seizures precipitated by fatigue. They may also have an 
increased risk for breakthrough seizures due to stress. Napping 
is encouraged and asking help from other adults to do 
nighttime feedings can help with fatigue. For women who are 
breast-feeding, this can be accomplished either with expressed 
breast milk or with supplementary formula. 

Each woman needs to assess her particular seizure pattern 
and to make appropriate arrangements for her own safety 
and that of her baby. For example, if her seizures make her 
fall, she may wish to rely on a stroller or carriage in the house 
rather than carrying the infant. If she tends to drop things, 
perhaps a baby harness is appropriate. Baby care such as 
changing diapers and clothing can be done on a blanket on 
the floor rather than on a high changing table, especially 
during the immediate postpartum period when AED levels 
fluctuate. A second person should be present during baths to 
avoid the danger than even a momentary lapse in alertness 
can pose (54). 


MOVEMENT DISORDERS AND PREGNANCY 

Disorders of human motor control are common neurologic 
problems. Although the majority of these disorders are more 
common in the older postmenopausal age groups, a few can be 
seen in women of childbearing age. Human motor control is 
achieved through complex interactions of many CNS regions 
but intimately involve regions of the brain known as the basal 
ganglia. The basal ganglia utilize a variety of neurotransmitters 
to achieve the desired sequencing of motor activity and 
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production of normal movement. The effects of progesterone 
and estrogen on the basal ganglia are unclear as experiments 
with rat models have produced improvement in dopamine 
function, where as in humans either no effect or deleterious 
effects have been reported (71,75). 

Rarely, abnormal movements known as choreas appear 
during gestation, typically following the first trimester known 
as chorea gravidarum. The chorea is generally seen only on half 
of the body and is known as a hemichorea. The incidence is 
said to be 1:139,000 pregnancies (76). It was previously 
associated with rheumatic fever; however, in the United States, 
the virtual elimination of this disorder has made this 
association less likely. More often now, it is linked to systemic 
lupus erythematosus or anti-phospholipid antibody syndrome 
(77,78). The chorea typically resolves spontaneously, often 
after delivery. Rarely, the movements are so severe as to induce 
rhabdomyolysis and hyperthermia (79). Treatment is typically 
by using dopamine receptor blockers. Due to concerns 
involving the fetus, haloperidol is preferred since of all of the 
medications available, it is the least likely to cause harm (80). 
Similar choreiform movements may occur following 
institution of birth control pills as well. These typically resolve 
after discontinuation of OC pills. 


Dystonias 

Dystonias are uncommon disorders that involve sustained 
muscle contraction and abnormal posturing. They can 
be associated with twisting and repetitive movements as 
well (81). Only very rare cases of dystonias being induced by 
pregnancy exist (authors’ personal experience). More often, a 
preexisting dystonia may be seen to complicate pregnancy or 
delivery. The majority of medications used to treat dystonias 
have a high probability of being associated with fetal 
malformation; however, the exception to this is dopa- 
responsive dystonias treated with levodopa. Although 
experience with this levodopa in pregnancy is limited, small 
series and case reports published to date do not suggest any 
fetal malformations occurring while the mother is taking this 
medication (75). More recently, botulinum toxin injections 
have been used, and occasional case reports (82) suggest that 
this treatment is effective for the mother, and not harmful to 
the fetus. 


Essential Tremor 

Essential tremor is the most common movement disorder in 
the general population and is frequently seen in younger 
patients. This movement disorder more likely than any others 
to be encountered by a treating obstetrician. It involves action 
tremors of the hands, head, voice, and occasionally legs or 
trunk, and frequently runs in families. The tremor occurs 
when the patient is using the extremity; however, the head 
tremor occurs with any upright posture. There is no other 
impairment of neurologic function or cognition. The disorder 
follows a benign course and is generally only socially disabling; 
however, in more severe cases, it can be very difficult to eat or 
write. The most effective treatment for this disorder involves 
the use of PMD and propranolol. Other medications have been 
used with varying success. Given the unclear danger to the 
fetus of these medications, as well as the benign nature of the 
disorder, it is probably wise to counsel the mother to take no 
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medication for this condition while she is pregnant or breast- 
feeding. If the mother’s tremor is so severe that it precludes 
reasonable normal daily function, the choice of medications 
should be discussed between the obstetrician and the 
neurologist to determine which medication is felt to be least 
likely, at that time, to cause harm to the fetus and most 
effective for that patient. 


Tourette’s Syndrome 

Tourette’s syndrome is also quite common, and since it begins 
in childhood, this disorder will be frequently seen in the 
obstetric population. Tourette’s syndrome involves the 
combination of motor and vocal tics, which evolve and 
fluctuate over time. A tic is a brief un-voluntary movement or 
sound that can include throat clearing, coughing, sighing, or 
making sounds or words. The tics can be suppressed 
voluntarily but take a great deal of effort from the patient to 
do so. For this reason, they are called un-voluntary rather than 
involuntary. Patients with Tourette’s syndrome also frequently 
have attention deficit disorder and obsessive-compulsive 
disorder. The tics typically respond to dopamine receptor 
blockade, and haloperidol is a very effective treatment. As 
discussed previously, this medication is felt to be the safest 
choice for the fetus (80). 


Huntington’s Disease 

Huntington’s disease occasionally presents during child- 
bearing years, although classically presents in the patients’ 
30s or 40s at a time when many women have already had 
children. Although not caused or necessarily exacerbated by 
pregnancy, the Huntington’s patient presents several unique 
challenges. The first is treatment of a pregnant patient with 
significant symptoms. The symptoms of Huntington’s 
disease include chorea, dementia, and psychiatric disorders. 
All treatment is symptomatic, as no neuroprotective or 
preventive therapies currently exist. The safest option for 
treatment of chorea or psychosis is dopamine blockade 
using haloperidol and the treatment for depression felt to be 
least harmful for the fetus is fluoxetine (80). A more 
common scenario is that a woman who has already delivered 
children will later develop the symptoms of Huntington’s 
disease. The disorder is an autosomal dominant genetic 
disease that can be predicted by an expanded CAG repeat in 
the region that codes for the Huntington protein on 
chromosome four. Adult patients with symptomatic parents 
have the option of genetic testing to determine whether they 
will develop this disease, although not all will choose to do 
so. Genetic testing should not be carried out lightly, and the 
physician ordering this test must be prepared to properly 
counsel the asymptomatic adult patient. This responsibility 
is usually best carried out by a neurologist with expertise in 
Huntington’s disease or a geneticist. The children of an 
affected parent have a 50% chance of developing the 
disorder, and some parents choose to proceed with 
pregnancy whether or not they expect to develop the disease 
themselves (83). For the affected patients who choose not to 
conceive naturally, techniques for artificial insemination or 
in vitro fertilization of donor ova could be considered as 
appropriate. 
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Parkinson’s Disease 

Because Parkinson’s disease is more common over age 50, it is 
only rarely found in the age group likely to conceive children. 
Very little experience exists with this condition in the 
reproductive age group, although a small series (84) of 
patients suggests that levodopa is not associated with any 
significant fetal malformations or birth problems. Other anti- 
parkinsonian medications appear to be associated with 
variable risks to the fetus in many cases and probably should 
be avoided if at all possible (80). Parkinson’s disease is a 
neurodegenerative disorder that generally begins with in- 
creased muscle tone or resting tremor on one side of the body 
progressing to the other side over a variable length of time. 
Gait problems and significant problems with activities of daily 
living and self-care are later findings. Young people with 
Parkinson’s disease often have a more aggressive progression 
of disease, but hopefully would be able to be adequately 
maintained throughout pregnancy on levodopa monotherapy. 
Consultation with a movement disorder neurologist would be 
very helpful with this patient group. 


Wilson’s Disease 

Wilson’s disease is a very rare disorder involving disordered 
copper metabolism. Clinically, there is a wide variability in the 
age of onset as well as presentation. In children, it more 
commonly presents with symptoms of liver disease, but in 
young adults psychiatric or movement disorders tend to 
predominate. The clinical picture consists of liver cirrhosis, a 
wide variety of abnormal involuntary movements, and 
psychiatric illnesses. The most common treatment for this 
disorder is the copper chelator penicillamine, which is known 
to be teratogenic. Trientine is another chelating agent 
sometimes used, but may also be associated with fetal 
malformations. More recently, the therapy with zinc acetate 
has been shown to be effective in the treatment of Wilson’s 
disease (85), and a small case series suggests only a mildly 
elevated birth defect rate compared with the general popula- 
tion (86). The authors of that paper conclude that zinc acetate 
is a preferable treatment for Wilson’s disease in pregnant 
women. 

In this section, we have reviewed movement disorders that 
appear to have a direct link with sex hormones as well as those 
that are preexisting and may change their manifestations 
during pregnancy or otherwise complicate pregnancy in some 
fashion. Movement disorders induced by pregnancy are rarely 
seen, and the majority of experience is from cumulative case 
reports from many authors. The rarity of these disorders in the 
childbearing age group makes it unlikely that any single 
physician will have much experience with the management of 
these conditions during pregnancy, and referral to a move- 
ment disorder neurologist would be appropriate. 


STROKE AND PREGNANCY 

Cerebrovascular disorders, which include ischemic and 
hemorrhagic stroke, are an uncommon but feared complica- 
tion of pregnancy contributing to 5% to 12% of all maternal 
deaths (87). Eclampsia occasionally shares presentation similar 
to stroke but importance of prompt recognition of either 
cannot be overemphasized. For the sake of clinical manage- 
ment, the issue of stroke in pregnancy has been divided into 
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cerebrovascular risk factors before pregnancy, during preg- 
nancy, and in immediate puerperium. 


Stroke Risk Before Pregnancy 

Contraception in Relation to Stroke 

Contraceptives containing more than 80g of estrogen are 
linked to increased risk of stroke. This risk increases for 
hemorrhagic stroke if smoking is combined with estrogen 
intake. 


Stroke Risk During Pregnancy 

Incidence: Though studies have shown variable rates, most 
agree (88) that risk of cerebral infarction is the same in 
pregnancy as compared with age-matched controls though risk 
of intracranial hemorrhage is about 2.5 times higher during 
pregnancy. Witlin et al. reviewed the incidence of stroke in 
pregnancy and only reported 20 strokes in 130,000 women who 
delivered over a period of 10 years (88). Overall, for either type 
of stroke during or within 6 weeks after pregnancy, the adjusted 
relative risk is about 2.4 (95 % confidence interval, 1.6 to 3.6), 
and the attributable, or excess, risk is 8.1 strokes per 100,000 
pregnancies (95% confidence interval, 6.4 to 9.7). The 
prevalence of hypertension, diabetes mellitus, and current 
smoking was found to be lower among pregnant women with 
stroke than among nonpregnant women with stroke in 
Baltimore—Washington Cooperative Young Stroke Study (89). 


Pregnancy As a Risk Factor 
Pregnancy is a relatively hypercoagulable state with markedly 
increased levels of fibrinogen, total body, and plasma levels of 
factors VII, X, and XII. The increased activity of factors of 
hemostasis is accompanied by an increase in activity and 
concentration of ATII and acquired activated protein C 
resistance predisposing to thromboembolic events (90). 
Many other physiologic changes occur in pregnancy that 
may impact the pathogenesis and management of stroke 
during pregnancy (91). Blood pressure decreases during the 
second and third trimesters due to decreased peripheral 
vascular resistance. Cardiac output, systemic blood pressure, 
and vascular resistance contribute to cerebral perfusion. 
Dramatic shifts in hemodynamics coupled with alterations in 
coagulation profile underscore the clinical significance of the 
physiologic adaptations in cerebral endothelial permeability 
and pressure. Middle cerebral artery perfusion pressure has 
been shown to increase steadily during gestation. 


Presentation 

The clinical features of arterial ischemic strokes during 
pregnancy are not unique, except for those of eclampsia- 
associated ischemic strokes, which comprise seizures and/or 
impairment of consciousness, in addition to focal deficits. 
CVT presents with a wide spectrum of symptoms and signs 
and can be confused with other diseases, in particular with 
eclampsia, encephalitis, intraparenchymal hemorrhage, and 
even with post-lumbar puncture headache. The differential 
diagnosis of hemorrhagic strokes includes eclampsia, pitui- 
tary necrosis, and CVT. It is noteworthy that hypertension 
and albuminuria, two main features of eclampsia, have been 
observed in about a third of intracranial hemorrhage caused 
by a ruptured vascular malformation during pregnancy (92). 
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Table 1 Causes of stroke in pregnancy 


Generic causes of stroke during pregnancy 
Premature atherosclerosis 

Hypertension 

Cardiac disease 

Hyperlipidemia 

Diabetes 

Arterial dissection 

Takayasu’s disease 

Vasculitis 

Antiphospholipid antibody syndrome 
Systemic lupus erythematosus 

Sickle cell disease 

Thrombotic thrombocytopenic purpura 
Coagulopathies 


Tobacco 
Cocaine or drug abuse 
Thrombophilic states 
Protein C and S deficiencies 
Antithrombin III deficiency 
Factor V Leiden mutation 
Hyperhomocysteinemia 
Mutations in the prothrombin gene 
Lupus anticoagulant 
Anticardiolipin antibody 


Etiology of Stroke 

Causes of stroke in pregnant females are usually the same as 
causes in nonpregnant females. Though associations of 
migraine headaches and blood transfusion have been sug- 
gested, their exact etiologic role is unclear (87). Transfusion 
increased the risk of stroke more than 10-fold. Although the 
need for transfusion is increased in conditions that place a 
woman at an increased risk of stroke, such as severe pre- 
eclampsia, postpartum hemorrhage, and sickle cell anemia, 
transfusion itself may be a risk factor for stroke. Storage and 
preservation of red blood cells increases their aggregability, 
possibly increasing the risk of thrombosis (87). Age greater 
than 35 years and African-American race have also been found 
to be significant risk factors. Eclampsia is the main pregnancy- 
specific cause, which may be associated with focal neurologic 
deficits of sudden onset, consistent with a clinical diagnosis of 
stroke. The two other pregnancy-specific conditions (chor- 
iocarcinoma and amniotic fluid embolism) are rarely 
responsible for focal cerebral ischemia. Table 1 lists the causes 
of stroke in pregnancy grouped under generic causes, 
pregnancy specific causes, and associations of stroke in 
pregnancy that may not necessarily have an etiological role. 


Pregnancy-Related Complications 
Gestational diabetes and hypertension are both associated with 
increased risk of stroke (93). 

Complications of pregnancy such as severe pre-eclampsia, 
eclampsia, infection, hyperemesis, and fluid and electrolyte 
imbalance are significant risk factors for pregnancy-related 
stroke (87). 


Pre-eclampsia and Eclampsia 
Pre-eclampsia is known to be an important risk factor 
for pregnancy-associated stroke. One-fourth of the 
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Causes of stroke unique to pregnancy 
Eclampsia 
Caesarean delivery (88) 
Choriocarcinoma 
Postpartum cerebral angiopathy 
Postpartum cardiomyopathy 
Amniotic fluid embolus during labor 
Associations of stroke in pregnancy 
Migraine headache 
Blood transfusion 
Anemia 
Age more than 35years 
Non-white race 
Bromocriptine mesylate (used in postpartum 
for suppression of lactation) 
Methylergonovine maleate (used in postpartum 
hemorrhage caused by uterine atony) 


pregnancy-related infarcts are associated with eclampsia or 
pre-eclampsia. The hypercoagulable state of normal pregnancy 
is further potentiated in pre-eclampsia. There is increased 
expression of procoagulant proteins, such as tissue plasmino- 
gen activator, PAI1, von Willebrand factor, fibronectin, 
homocysteine, and thrombomodulin, and reduced levels of 
anticoagulant proteins, including antithrombin III, protein C, 
and protein S in women with pre-eclampsia (93). Beyond 
increasing risk of stroke during pregnancy, women with pre- 
eclampsia were 60% more likely to have a stroke in the months 
and years that followed their pregnancy. 

Neurologic features of the pre-eclamptic—eclamptic syn- 
drome include headaches, visual abnormalities owing to 
retinal or occipital lobe lesions, impairment of conscious- 
ness, seizures, or focal deficits of sudden onset (92). The 
clinical and neuroimaging findings are more consistent with 
edema, which is thought to result from a rapid increase in 
blood pressure with vasospasm of cerebral arterioles, 
subsequent loss of autoregulatory capacity, and disruption 
of the blood-brain barrier. Angiograms in patients with 
eclampsia have also shown segmental narrowing consistent 
with vasospasm of large and medium-sized cerebral arteries. 
Several causes of altered vascular reactivity, including 
increased sensitivity to normally circulating pressor agents, 
deficiency of vasodilating prostaglandins, and endothelial cell 
dysfunction, have been reported in eclampsia. MRI in pre- 
eclampsia or eclampsia may show nonspecific hyposensitives 
in posterior regions, finding often labeled as posterior 
reversible encephalopathy syndrome. 


Ischemic Stroke 
During pregnancy, risk of cerebral infarction is the same as 
age-matched control subjects. Exacerbations of systemic lupus 
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erythematosus and Takayasu’s disease may occur during 
pregnancy and may manifest as ischemic strokes. Pregnancy 
is classically associated with an increased risk of rheumatic 
disease recurrence. 

Antibiotic prophylaxis has been advocated for all pregnant 
patients with a history of rheumatic fever, especially those with a 
history of rheumatic heart disease. The high risk of throm- 
boembolism in gravid patients with prosthetic heart valves 
emphasizes the need for effective anticoagulation throughout 
the pregnancy, despite the potential fetal and maternal adverse 
effects of this treatment. Bioprosthesis do not seem to be 
associated with an increased risk of thromboembolism during 
pregnancy and may not require anticoagulant therapy. 


Hemorrhagic Stroke 

Eclampsia and ruptured vascular malformations are the most 
frequent causes of intraparenchymal hemorrhage (92). The risk 
of hemorrhagic stroke during pregnancy is more than the risk of 
ischemic stroke though it increases further 6 weeks postpartum. 
Common associations of intracranial hemorrhage in pregnancy 
are eclampsia, bleeding diathesis, cocaine, bacterial endocarditis, 
sickle cell disease, and metastatic choriocarcinoma. Aneurysmal 
subarachnoid hemorrhage may be life threatening and warrants 
urgent correction. 


AVMs 

The increased tendency of an aneurysm to bleed with 
advancing gestational age suggests that hemodynamic, hor- 
monal, or other physiologic changes of pregnancy may play a 
role in aneurysmal rupture (92). 

Risk of hemorrhage from an unruptured AVM is estimated 
to be around 3.5%. The optimal time to wait to conceive after 
surgical correction is controversial. For previously ruptured 
AVMs, risk of hemorrhage outweighs risk from surgical 
corrections. Surgical treatment might be considered before 
planning pregnancy. Women with repaired AVMs can under- 
go vaginal delivery under epidural, caesarean may be preferred 
for partially repaired or untreated AVMs. Stereotactic radio- 
therapy is not used in pregnant women. No data are available 
concerning embolization of AVM in pregnancy (92). 


Neuroimaging Modalities 

Computed tomography may harm the fetus or embryo both by 
exposure to ionizing radiation and by administration of 
iodine-based contrast material, if contrast is used. During head 
CT examination, only head in directly irradiated. Fetus is 
exposed only to radiation scattered throughout the body and 
shielding the abdomen does not significantly reduce the 
minimal fetal radiation dose. The teratogenic risk linked to 
radiation exposure is limited to the embryogenesis period, 
which runs from the second to fourth week of gestation. 
Iodinated contrast though not shown to have adverse effects 
except neonatal hypothyroidism is categorized as B class by 
FDA. Digital angiography procedures decrease the X-ray 
exposure and the amount of administered iodine if deemed 
necessary. Pregnancy does not modify the maternal tolerance 
to iodine. Good maternal hydration is needed to avoid fetal 
dehydration. After 6 months, there is a risk of fetal 
hypothyroidism, which can be diagnosed and treated at birth 
with an excellent prognosis (92). 
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Though longitudinal studies are lacking, MRI is generally 
considered safe during pregnancy. American College of 
Obstetricians and Gynecologists have reported no adverse 
fetal effects but still advise against the use of MRI in first 
trimester. Risk of gadolinium to fetus is not known; it is 
classified as category C by FDA. Magnetic resonance 
angiography might avoid the risk of radiation associated with 
computed tomography and angiography while evaluating 
blood vessel in stroke or AVM. 

Pregnancy does not contraindicate radiologic procedures if 
they are deemed necessary. In case of acute stroke, CT head 
noncontrast may not detect acute strokes less than 6 to 8 hours 
in onset. MRI sequences including diffusion weight imaging 
(DWI) are currently the most accurate imaging test available 
for acute ischemia with sensitivity and specificity approaching 
100%. Intravenous contrast is not required for DWI or 
magnetic resonance angiography. 


Treatment Modalities 

The potential benefits of antithrombotic drugs should be 
weighted against the potential risks to the mother and the 
fetus. Aspirin should be used for same indications as for stroke 
as in nonpregnant female. It has not been reported to cause 
any harmful effects in the second and third trimesters. Low- 
dose aspirin (60-150mg/day) have been largely administered 
by obstetricians during the second and third trimesters of 
pregnancy in women at risk for pregnancy-induced hyperten- 
sion without evidence of fetal or maternal adverse effects. The 
potential adverse effects of aspirin consumption late in 
pregnancy are maternal and fetal hemorrhage, premature 
closure of the ductus arteriosus, prolongation of labor, and 
delay in the onset of labor (92). 

Warfarin is known to be teratogenic and causes congenital 
malformations in fetus by causing micro-hemorrhages in the 
fetal brain. Fetal warfarin syndrome is a well-reported entity. 
When therapeutic anticoagulation is warranted, heparin 
(unfractionated of low molecular weight) should be used. It 
does not cross the placenta and its short half-life makes dose 
adjustment easier in case of overdose, bleeding, or premature 
delivery. Heparin therapy may cause a persistent anticoagulant 
effect (for up to 28h after the last injection of heparin) at the 
time of delivery, which increases the risk of bleeding and 
contraindicates epidural analgesia. 

When anticoagulants are indicated during pregnancy, two 
schemes of anticoagulant treatment have been recommended: 
(i) heparin throughout pregnancy or (ii) heparin until week 13 
followed by warfarin until the middle of the third trimester 
followed by heparin. Heparin should be discontinued im- 
mediately before delivery. Anticoagulation treatment is started 
again after delivery (92). 


Partum—Postpartum Period 

Kittner et al. in Baltimore-Washington Cooperative Young 
Stroke Study registry found that the risks of both cerebral 
infarction and intracerebral hemorrhage are increased in the 
6 weeks after delivery but not during pregnancy itself (89). The 
extremely high relative risk of stroke during the postpartum 
period suggests a causal role for the large decrease in blood 
volume or the rapid changes in hormonal status that follow a 
live birth or stillbirth, perhaps by means of hemodynamic, 
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coagulative, or vessel-wall changes. A causal role for pre- 
eclampsia and eclampsia does not fully explain the much 
stronger associations with stroke found for the postpartum 
state than for pregnancy itself. 


Postpartum Cerebral Angiopathy 

Postpartum cerebral angiopathy is characterized by the rapid 
occurrence of severe headaches, nausea or vomiting, seizures, 
and less often focal neurologic signs with a delay varying from 
a few hours to 1 month after a normal pregnancy. This picture 
may suggest the diagnosis of a subarachnoid hemorrhage, but 
the CSF is normal or shows a moderate pleocytosis. Eclampsia 
may present with similar features, but in postpartum 
angiopathy patients do not necessarily have hypertension or 
proteinuria. Rapid spontaneous clinical recovery occurs in the 
vast majority of cases. Angiography shows transient focal 
vasospasm. In most reports cases, ergot alkaloids or other 
sympathomimetic drugs had been given in the preceding days 
or hours, hence inclusion of the disease in the category of Call- 
Fleming syndrome (92). Outcomes are variable though rapid 
spontaneous clinical recovery has been generally reported. 


CVT 

CVT presents with headaches, seizures, stroke-like symptoms, 
or mental status changes. Peak incidence is in immediate 
postpartum period though its occurrence during pregnancy is 
also known. CVT may lead to ischemic infarction or to 
intraparenchymal hemorrhage. MRI usually shows hemor- 
rhagic infarcts and magnetic resonance venography may show 
thrombus in major sinuses or cerebral veins. Conditions that 
may present with similar symptoms like eclampsia, meningitis, 
or cerebral mass should be excluded. 

Caesarian section and age greater than 25 are risk factors for 
CVT. Hypercoagulable state of pregnancy, preexisting coagu- 
lopathy like protein C or S deficiency, factor V Leiden 
mutation or antithrombin III antibodies, dehydration, or 
infection are usual causes. Heparin anticoagulation should be 
considered with similar indications as in nonpregnant female. 
Efficacy of venous thrombolysis or venous stenting is not 
established in pregnancy. 

Traumatic damage to the endothelial lining of cerebral 
sinuses and veins during labor, hypercoagulable state, and 
stasis of intracerebral blood flow are the most likely 
explanations for the occurrence of most CVT in the 
puerperium. Puerperal infections and dehydration may 
contribute to the high frequency of CVT in developing 
countries. 


Mode of Delivery and Outcomes 

Risk of stroke in relation to the full range of outcomes of 
pregnancy (spontaneous or induced abortion, stillbirth, and 
live birth) has not been adequately studied. Caesarean delivery 
by itself is a risk factor for stroke accounting to the risk of 
thromboembolism from surgery (88). 

Mode of delivery has not been adequately shown to affect 
outcomes in the history of gestational stroke though series 
have found higher incidence of caesarian deliveries in such 
patients (88). James et al. (87) reported several complications 
associated with pregnancy-related stroke—postpartum 
hemorrhage (OR 1.8), pre-eclampsia and gestational hyper- 
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tension (OR 4.4), fluid and electrolyte imbalance (OR 7.2), 
transfusion (OR 10.3), and the highest, pregnancy-related 
infection (OR 25.0). Case fatality rate for pregnancy-related 
stroke have been reported to be anywhere between 4.5% and 
24% (87). Stroke during one pregnancy by itself is not a risk 
factor for stroke during subsequent gestation. 


CONCLUSION 

Stroke during pregnancy or shortly thereafter is etiologically 
heterogeneous and, as with stroke in any young patient, 
requires systematic evaluation (88). Prompt neuroimaging and 
neurologic consultation are recommended in any pregnant or 
postpartum female who presents with new neurologic 
symptoms suggestive of stroke. 
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INTRODUCTION 

Pregnancy is associated with several hormonal, physiologic, 
physical, and behavioral changes that can cause alterations in 
sleep architecture, quality, and duration. As a result, it is not 
surprising that a majority of women report sleep disruption 
during pregnancy. In addition, pregnancy can affect preexist- 
ing sleep disorders such as insomnia, sleep-disordered breath- 
ing, and restless legs syndrome (RLS). The intimate relation 
between sleep and pregnancy has been well recognized and 
has, especially within the last few years, seen an increased 
interest in this field. This chapter aims to review changes 
occurring during pregnancy, which may have a bearing on 
sleep, and sleep disorders during pregnancy. 


HORMONAL CHANGES DURING PREGNANCY THAT 
MAY AFFECT SLEEP 

Pregnancy is characterized by hormonal changes that are 
aimed toward successful maturation of the fetus. These 
changes can affect normal sleep patterns directly and 
indirectly. There are increases in levels of circulating 
estrogen and progesterone throughout pregnancy. Estrogen 
production progressively increases in pregnancy, and levels 
during the last few weeks prior to delivery may be 1000-fold 
higher than that in ovulatory premenopausal women (1). 
Level of estrogen decreases abruptly after delivery of the 
fetus and placenta. Estrogen has been shown to reduce rapid 
eye movement (REM) sleep in animal studies. This may be 
due to its ability to increase brainstem norepinephrine (2). 
Progesterone levels gradually increase from 25ng/mL at 
6 weeks to 150ng/mL at 37 weeks of pregnancy (3). 
Exogenously administered progesterone is associated with 
decreasing wakefulness, shortened latency to non-REM 
sleep, and increased duration of non-REM sleep (4). The 
effects of progesterone appear to be mediated by the action 
of its metabolites on brain GABA; receptors (4,5). 

Levels of other hormones that can influence sleep patterns 
such as prolactin and cortisol are also elevated during 
pregnancy. Overall, the effect of hormonal changes on sleep 
during pregnancy is unpredictable due to the wide variation in 
circulating levels of different hormones as well as the effect of 
other physical and physiologic changes that occur during 
pregnancy. 


PHYSIOLOGIC CHANGES IN PREGNANCY THAT MAY 
HAVE A BEARING ON SLEEP 

The expectant mother undergoes a variety of physiologic and 
physical changes that may lead to alteration of sleep during 
pregnancy. Majority of these changes occur as a result of the 
hormonal changes described above, but other factors play a role 
as well. Renal blood flow increases to a level of 50% to 85% 
above baseline throughout the first and second trimesters (6). 


Dilatation of the renal pelvis and ureters occurs due to hormonal 
changes and mechanical effects of the enlarged uterus (7). These 
changes predispose to frequent micturition and therefore to 
several nocturnal awakenings to go to the bathroom. 

Lower esophageal sphincter pressure begins to decrease in 
the first trimester of pregnancy, reaching a nadir in the 36th 
week. Gastrointestinal reflux symptoms are common, parti- 
cularly in late pregnancy (8), and may be associated with 
frequent arousals from sleep. 

Upper airway hyperemia, mucosal edema, hypersecretion, and 
increased friability may occur as a result of increased estrogen 
levels (3). Progesterone reduces the integrity of the vascular 
endothelium leading to fluid leakage from the intravascular 
to the extravascular space, causing tissue edema (9). Additionally, 
during pregnancy, there is an increase in the level of relaxin, an 
insulin-like growth factor hormone. It is both a muscle relaxant 
and a powerful vasodilator (10), properties that increase airway 
collapsibility and decrease airway caliber. Thus the increased 
levels of these hormones can potentially reduce the size of 
the upper airway significantly. Furthermore, progesterone 
increases phrenic nerve activity with consequent increase 
in diaphragmatic drive (11), and its property as a powerful 
respiratory stimulant has been recognized since the 1940s (12). 
An increase in metabolic CO, production and the increase 
in respiratory drive cause a significant increase in minute 
ventilation (13). This ventilatory augmentation, which is in 
excess of the increased CO, production, produces a respiratory 
alkalosis. The reduced arterial CO, of pregnancy may be a 
potential source of respiratory instability during sleep (14). 
Moreover, augmented respiratory drive may induce obstructive 
sleep-disordered breathing by increasing negative suction 
pressure on narrowed upper airway structures (15). In addition 
to changes in respiratory drive, pulmonary function in pregnancy 
is also affected by changes in the airways and thoracic cage. Chest 
wall and total respiratory compliance are reduced in late 
pregnancy (16). The expanding uterus produces a cephalad 
displacement of the diaphragm, causing a progressive 10% to 
25% decrease in functional residual capacity (FRC) toward term 
(3,17). As a result of increased fetal demands and metabolic 
alterations in the mother, oxygen consumption increases by 20% 
to 33% by the third trimester (18). The combination ofa reduced 
FRC and increased oxygen consumption results in a lowered 
oxygen reserve. Conditions that may cause further lowering of 
this reserve may potentially affect fetal oxygenation with adverse 
consequences. 


SLEEP ARCHITECTURE CHANGES DURING 
PREGNANCY 

Nonpregnant women of childbearing age have total sleep times 
on average of 7 to 9 hours per night, with 55% of the time 
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spent in light sleep, 20% in slow wave sleep (SWS), and 20% to 
25% in REM sleep (19). 

Numerous studies have examined changes in sleep archi- 
tecture during pregnancy with variable findings (20-24). Most 
of these studies were however consistent in noting lighter and 
more disrupted sleep as pregnancy progresses. Wake after sleep 
onset increased from the second to third trimester, where as 
REM sleep decreased from the first trimester to second (24,25). 
Brunner et al. also found, by spectral analysis, a progressive 
decrease in EEG power density in non-rapid eye movement 
sleep (25). 


SLEEP DISORDERS AND PREGNANCY 

The mother-to-be is predisposed to a number of sleep 
disorders due to the hormonal and consequently the physical 
and physiologic changes occurring during pregnancy. Insom- 
nia, parasomnias, sleep-related movement disorders, sleep- 
related breathing disorders, and hypersomnolence have all 
been reported in pregnant patients. 


INSOMNIA 
The American Academy of Sleep Medicine, in its diagnostic 
and coding manual, defines insomnia as repeated difficulty 
with sleep initiation, duration, consolidation or quality that 
occurs despite adequate time, and opportunity for sleep and 
results in some form of daytime impairment. Insomnia is very 
commonly reported during pregnancy. In a survey of 
192 pregnant women, 88% reported alteration in sleep as 
compared with their usual experience (21). The most frequent 
reasons for sleep disruption during pregnancy are urinary 
frequency (26), heartburn, and backache or ache in hips (21). 
In addition, there may be disruption of sleep due to nausea and 
vomiting during the first trimester and because of fetal 
movements during the third trimester of pregnancy. 
Maternal factors such as maternal age (27), parity (28,29), 
altered circadian rhythm (30), and pregnancy-related dis- 
orders such as pre-eclampsia could also influence sleep during 
pregnancy. Parity may have a bearing on sleep quality and 
architecture. Compared with primiparas, multiparas had 
reduced sleep efficiency at all time points (19). 
Nonpregnancy-related factors such as maternal smoking, 
inadequate sleep hygiene, and adjustment disorder may 
contribute to insomnia independent of the pregnant state. 
Ohida and colleagues (31) reported that women exposed to 
passive smoking were likely to have sleep disturbances, such as 
subjective insufficient sleep, difficulty in initiating sleep, short 
sleep duration, and snoring loudly/breathing uncomfortably. 
Smoking pregnant women had an even greater prevalence of 
same sleep disturbances and also experienced excessive 
daytime sleepiness and early morning awakening (31). 


SLEEP-DISORDERED BREATHING DURING 
PREGNANCY 

Although snoring and apneas occur in pregnancy (32), there is 
lack of data regarding incidence and prevalence of sleep apnea 
in pregnant women. Most studies investigating sleep- 
disordered breathing were in the form of questionnaires with 
variable results (33-37). Despite conflicting results, there is 
agreement regarding higher prevalence of snoring in pregnant 
women as opposed to nonpregnant women. 
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Loube et al. (34), in their survey of 350 pregnant women 
and 110 age-matched nonpregnant women, found that snoring 
was more frequent (14%) in pregnant women as opposed to 
nonpregnant women (4%). They concluded that snoring was 
not associated with fetal compromise or adverse outcome. 
By contrast, the study by Franklin and Holmgren (35) suggests 
that snoring may be independently predictive of maternal 
hypertension and fetal growth retardation. Of the 502 pregnant 
women, 23% in their study reported snoring every night during 
the last week of pregnancy. Hypertension and pre-eclampsia 
were more common, and the incidence of infants born 
with Apgar score less than or equal to 7 was higher in women 
who habitually snored. 

Obesity has been shown to have a causal association with 
sleep apnea (38,39). Pregnancy is associated with weight gain, 
which may exceed 20% or more by term (40). A recently 
published study suggests that the prevalence of pre-gravid 
obesity (defined as BMI>29 kg/m”) in the United States has 
increased significantly from 13% immediately before preg- 
nancy in 1993 to 22% immediately before pregnancy in 2002/ 
2003 (41). Rapid gain in weight is known to be associated with 
a higher incidence of obstructive sleep apnea (OSA). It has not, 
however, been established by sleep studies whether excessive 
weight gain during pregnancy causes sleep apnea. In 1992, 
Feinsilver et al. (42) reviewed the physiologic adaptations in 
pregnancy and suggested an increased likelihood of sleep- 
disordered breathing in pregnant women. Upper airway 
changes, as described earlier, would predispose the patient to 
snoring and OSA. In addition, the respiratory alkalosis 
resulting from augmented minute ventilation and the 
enhanced sensitivity of the respiratory center to CO2, as 
occurs in pregnancy, could predispose to central sleep apnea. 
On the other hand, there are physiologic adaptations, such as 
increased minute ventilation and pharyngeal muscle tone, due 
to elevated progesterone levels during pregnancy (43), which 
may be protective against sleep-disordered breathing. There is 
reduction in REM sleep (22) during pregnancy, which may 
protect against sleep apnea. Additionally, in late pregnancy, 
there is a greater tendency for women to sleep on their sides, 
thereby reducing the tendency to manifest severe sleep apnea. 

The increased possibility of OSA occurring in pregnancy 
and its possible adverse effect on the fetoplacental unit has 
been hypothesized (44). There is evidence that pregnant 
women with preexisting obesity have a higher apnea— 
hypopnea index (45) and they may be at increased risk of 
OSA. In pregnant women who do have sleep apnea, it is felt 
that due to the lowered oxygen reserve in these patients, 
occurrence of OSA with oxygen desaturation can have 
undesirable consequences for the fetus. There are isolated 
reports of increase in incidence of babies with intrauterine 
growth retardation in pregnant women diagnosed with OSA 
(45,46). Other case reports suggest that treatment of the 
mother to be resulted in delivery of babies with normal birth 
weight (47). There are, however, no systematic studies of 
adverse outcomes of OSA during pregnancy. 

Despite a lack of conclusive evidence of poor outcomes of 
pregnancy in women with OSA, pregnant women, especially 
those with preexisting obesity, and those giving a history of 
loud snoring, excessive daytime somnolence, or witnessed 
apneas should be considered to be at increased risk for sleep 
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apnea with possibility of adverse consequences for the fetus. 
There should, for this reason, be a low threshold for obtaining 
an overnight sleep study and initiation of treatment with nasal 
continuous positive airway pressure (CPAP) even if the patient 
has mild sleep apnea. 


SLEEP-DISORDERED BREATHING AND 
PRE-ECLAMPSIA 

Pre-eclampsia is a condition arising in the third trimester of 
pregnancy. It affects approximately 7% of all pregnancies and 
is characterized by abrupt hypertension, proteinuria, and 
edema of the hands, feet, and face. Risk factors for pre- 
eclampsia include family history, primiparity, advanced 
maternal age, multiple gestation, obesity, chronic hyperten- 
sion, and renal disease (48). Sleep architecture is altered in 
women with pre-eclampsia, with a markedly increased time 
spent in SWS as compared with primigravidas with normal 
pregnancies (49). Women with pre-eclampsia were noted 
to have upper airway narrowing in both upright and supine 
postures as compared with nonpregnant and pregnant 
women (50). This predisposes women with pre-eclampsia to 
snoring and as many as 75% of women with pre-eclampsia 
were reported to snore by Iczi et al. Sleep studies in a subgroup 
of pregnant women with pre-eclampsia revealed higher 
prevalence of inspiratory flow limitation in these patients 
without associated oxygen desaturation (51). It is unclear 
whether this may have implications in the pathophysiology 
and treatment of this disorder. There is evidence that snoring 
is associated with increased blood pressure in women who 
suffer from pre-eclampsia, and it has been suggested that using 
a nasal mask to deliver CPAP may reduce obstruction and 
improve nocturnal blood pressure control. 


RLS 

RLS is a sensorimotor disorder characterized by a strong, 
nearly irresistible, urge to move the legs. This urge to move is 
often accompanied by other uncomfortable paresthesias felt 
deep inside the legs. The urge to move, or the unpleasant 
sensations, begin or worsen during periods of rest and are 
partially or totally relieved with movement. Symptoms 
typically occur in the evening or night. 

Pregnancy is a known cause of secondary RLS. In a study by 
Nikkola, 4 out of 10 women were diagnosed with RLS after 
becoming pregnant (52). Sleep studies in these patients 
showed periodic limb movements in all 10 mothers-to-be, 
with an average frequency of 21.7 movements per hour. In 
another study, 23% women were noted to develop symptoms 
of RLS after becoming pregnant (Lee). 


PARASOMNIAS 

Parasomnias are undesirable physical events or experiences 
that occur during entry into sleep, within sleep, or during 
arousals from sleep. These events are manifestations of central 
nervous system activation transmitted into skeletal muscle and 
autonomic nervous system channels, often with experiential 
concomitants. Parasomnias, such as sleepwalking, and night 
terrors occurring during pregnancy and exacerbated by the 
condition have been reported. Hedman and colleagues, 
however, found that the frequency of most parasomnias 
decreases during pregnancy. They found a significant decrease 
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in sleepwalking, sleep talking, bruxism, and hypnagogic 
hallucinations from the prepregnant state. Prevalence of sleep 
paralysis was noted to decrease during the first trimester, but it 
increased during later pregnancy from 5.7% to 13.3% in the 
second trimester. 


NARCOLEPSY 

Narcolepsy is a condition characterized by excessive daytime 
sleepiness, with or without cataplexy. Other features such as 
hypnagogic hallucinations, sleep paralysis, and nocturnal sleep 
disruption may commonly occur in these patients. Narcolepsy 
is usually diagnosed in patients during adolescence or young 
adulthood. There is a paucity of data regarding effect of 
pregnancy on the course of narcolepsy. It is likely that 
symptoms of narcolepsy may be exacerbated by the sleep 
disturbances associated with pregnancy and also due to the fact 
that medicines typically used to treat narcolepsy have to be 
stopped, causing a withdrawal effect. Cataplexy, in severe 
cases, may be disabling, predisposing the pregnant patient to 
injury and jeopardizing the fetus. 


MANAGEMENT OF SLEEP DISORDERS IN THE 
PREGNANT PATIENT 

General management consists of advice regarding regular sleep 
schedules and practice of adequate sleep hygiene. Patients with 
insomnia should be counseled regarding stimulus control and 
relaxation techniques. Recognition of etiologic factors is 
important and every attempt should be made to optimally 
manage any underlying medical condition. For example, 
patients with gastrointestinal reflux symptoms may benefit 
from life style modification changes such as sleeping with the 
head end of bed elevated and by limiting portion sizes as well 
as avoiding oral intake at least 2 hours prior to bedtime. 

Understandably, there are no clinical trials of pharmacolo- 
gic treatment modalities for sleep disorders during pregnancy. 
Pharmacologic options therefore must be viewed with caution 
because of safety issues associated with use of medicines 
during pregnancy. Short-term zolpidem or diphenhydramine 
may be considered in patients with severe insomnia not 
responding to other measures. 

Patients with narcolepsy should discontinue treatment with 
stimulants such as dextroamphetamine or methamphetamine. 
They may have to accept less stringent control of excessive 
daytime sleepiness and allow time for more frequent daytime 
naps. REM sleep suppressing medicines such as paroxetine or 
fluoxetine, which are pregnancy category B agents, may be 
used for control of cataplexy. 

Similarly, medicines for RLS such as dopaminergic agents 
and benzodiazepines should ideally be discontinued. Patients 
may benefit from avoidance of caffeinated beverages and heavy 
exercise too close to scheduled bedtime. Administration of 
iron and folate supplements as is usually the practice during 
pregnancy may be helpful. 

Patients with prior history of sleep apnea or those newly 
diagnosed with sleep apnea should be advised to use CPAP 
regularly. Despite theoretical concerns regarding diminished 
cardiac output and placental flow, there are no reports to 
suggest adverse effects from CPAP to the mother or the fetus. 
There may, however, be difficulty in tolerating CPAP due to 
factors such as intolerance to pressure, nasal congestion, and 
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stuffiness, which may decrease adherence to CPAP regimen. 
This may be overcome by measures such as saline nasal rinses 
and use of topical nasal steroids, lowering of pressure to a more 
tolerable level, and sleeping with the head end of bed elevated. 


CONCLUSION 

Sleep disturbance is frequently reported during pregnancy (53). 
This is due to the several hormonal, physiological, physical, and 
behavioral changes that occur during the pregnant state. As a 
result of these changes, the pregnant woman may develop or 
have worsening of pathologic sleep conditions such as 
insomnia, sleep-disordered breathing, sleep-related movement 
disorders. Many of these conditions may be effectively treated, 
and lack of treatment may have adverse consequences for the 
mother and the fetus. Sleep evaluation should, therefore, be a 
part of routine prenatal checkup. Particular attention should be 
given to obese pregnant women and those who gain excessive 
weight during pregnancy, and to women who develop 
gestational hypertension or pre-eclampsia. There should be a 
low threshold for obtaining an overnight polysomnogram in 
these patients and treatment with CPAP should be considered 
even in patients who have mild sleep apnea. Treatment should 
also focus on adequate sleep hygiene techniques. 

There is need for larger, multicenter studies with clinical 
and polysomnographic evaluation to improve our under- 
standing of association between pregnancy and sleep disorders 
and to determine whether (i) sleep disorders influence the 
outcome of pregnancy and (ii) pregnancy influences the 
course of certain sleep disorders such as narcolepsy. 
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27 Pulmonary diseases in pregnancy 
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INTRODUCTION 

Pregnancy induces significant changes in normal pulmonary 
physiology while also causing increased susceptibility to the 
effects of certain respiratory diseases. In the following chapter, 
the changes in pulmonary function and respiratory physiology 
that occur during normal pregnancy will be described, 
followed by a review of specific pulmonary disorders during 
pregnancy. Obstructive and restrictive lung diseases, pulmon- 
ary vascular disease, pulmonary infections, respiratory failure, 
and other topics will be reviewed in the context of pregnancy. 
In addition, the challenge of distinguishing between the 
normal physiologic dyspnea of pregnancy and an underlying 
pulmonary or cardiac disease will be discussed. 

Respiratory disorders account for a small, but significant 
percentage of maternal morbidity and mortality (1,2). These 
are sometimes due to preexisting conditions that may be 
exacerbated by pregnancy such as pulmonary hypertension 
(PH), cystic fibrosis (CF), or restrictive lung disease or due to 
acute illnesses such as pulmonary embolism (PE), pneumonia, 
or adult respiratory distress syndrome. Particularly with 
respect to chronic progressive pulmonary diseases, physicians 
must be familiar with the potential maternal and fetal 
complications that can occur and be prepared to counsel 
women regarding these issues. 


Changes in Lung Function During Pregnancy 

Chest Wall and Diaphragm 

Early in pregnancy, the overall diameter of the chest wall 
increases, possibly due to relaxation of the ligamentous 
attachments between the ribs and the sternum. More 
specifically, the subcostal angle increases by approximately 
35°, the transverse diameter of the chest increases by 
approximately 2cm, and the chest circumference expands by 
5 to 7cm. In later pregnancy, as the uterus enlarges, the level of 
the diaphragm rises approximately 4cm, but this does not 
affect diaphragmatic excursion (3). 


Pulmonary Function 

Overall, respiratory muscle function is not altered by 
pregnancy. Maximum inspiratory and expiratory pressures 
remain unchanged. However, due to the changes in chest wall 
configuration as noted above, static lung volumes are altered. 
The total lung capacity is minimally reduced and the 
functional residual capacity (the amount of air remaining in 
the lungs at end expiration) is more significantly reduced due 
to elevation of the diaphragm in later stages of gestation. By 
contrast, due to the decrease in functional residual capacity, 
the inspiratory capacity (the maximum amount of air that can 
be inspired at end expiration in the resting state) is increased, 
and steady-state tidal volumes may be increased up to 30% to 
40% (Table 1). 


Airway function remains unaffected by pregnancy, with 
no change in forced expiratory volume in one second, 
forced vital capacity (FVC), or peak expiratory flow rates. 
Therefore, the use of a peak flowmeter in pregnant 
asthmatics that are experiencing respiratory symptoms can 
be invaluable in distinguishing between worsening of 
underlying airway disease and alternative causes for their 
symptoms, including the normal dyspnea of pregnancy. 
However, it is important that peak flows be performed in the 
upright position, as lying supine can result in small 
alterations in peak flow rates. 


Gas Exchange 

As gestation progresses, a state of chronic hyperventilation 
ensues. This is probably due to progressively increasing 
levels of progesterone, which is a known stimulant of 
respiratory drive, from approximately 25ng/mL at 6 weeks 
to 150ng/mL at term (4). By 8 weeks of gestation, there is 
already an increase in tidal volume as noted above. This 
increased tidal volume results in increased alveolar ventila- 
tion, with subsequent decreased arterial carbon dioxide 
(PaCO2). PaCO, levels typically decrease from normal 
levels of 37 to 40mmHg to 27 to 32mmHg. This decrease 
in maternal PaCO, creates a favorable gradient for CO, 
transfer from the fetus across the placenta. The maternal pH 
is maintained within the normal range through increased 
renal excretion of bicarbonate with a subsequent mild 
metabolic acidosis, with typical serum bicarbonate levels of 
18 to 21 mEq/L. 

Maternal oxygenation (PaO,) usually increases early in 
pregnancy (106-108 mmHg) as a result of decreased PaCO), 
but as the uterus enlarges in the third trimester, the PaO 
decreases slightly (101-104mmHg), with a slight increase in 
alveolar to arterial oxygen gradient from 14 to 20mmHg. This 
decrease in PaO, is even more pronounced in the supine 
position. 

Oxygen consumption increases by approximately 20% 
during pregnancy to meet the increased metabolic demands 
of maternal organs, the fetus, and the placenta (5). These 
oxygen requirements are more pronounced during exercise 
and labor (6). Due to the decreased functional residual 
capacity, maternal oxygen reserve is lower, and pregnant 
women can develop a more rapid onset of hypoxia during 
periods of apnea or during attempted endotracheal 
intubation. 

In the setting of slightly elevated maternal pH and elevated 
2,3 DPG during pregnancy, the oxygen—hemoglobin dissocia- 
tion curve is shifted to the right, resulting in a decreased 
affinity of hemoglobin for oxygen (Fig. 1). This not only favors 
an increased transfer of oxygen to the fetus, but also results in a 
decreased oxygen saturation of hemoglobin for any given level 
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Table 1 Pulmonary Function Changes During Pregnancy 


Measurement 


Respiratory rate 

Tidal volume 

Total lung capacity 

Vital capacity 

Residual volume 
Functional residual capacity 
Inspiratory capacity 
Inspiratory reserve volume 
Expiratory reserve volume 


Number of breaths per minute 
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Figure 1 Oxygen dissociation curves for human maternal and fetal blood, 
indicating the physiologic range of PO, and O, for mother and fetus. Source: 
From Ref. 7. 


of PaO, (8). This also causes the pregnant women to be more 
susceptible to hypoxemia. Although fetal partial pressure of 
oxygen is much lower (25-35mmHg), the saturation is 
relatively higher than that in the adult due to displacement 
of the fetal oxygen—hemoglobin dissociation curve to the left. 
The fetus can be very sensitive to a small decrease in maternal 
PaO, due to the steep slope of the fetal oxygen dissociation 
curve in the 50% saturation range (9). 


Dyspnea of Pregnancy 

The increasing levels of progesterone throughout the course of 
gestation as well as the changes in lung function noted above 
are thought to be the main mechanisms responsible for the 
physiologic dyspnea of pregnancy. During the course of 
normal pregnancy, 60% to 70% of women experience a 
sensation of dyspnea (10). This sensation of breathlessness 
usually begins during the first trimester and gradually increases 
throughout the second and third trimesters. At 28 weeks of 
gestation, approximately 50% of women experience dyspnea 
walking up hills or climbing stairs, and 20% have dyspnea 
walking on flat ground (11). Distinguishing between the 
physiologic dyspnea of pregnancy and the presence of 
underlying cardiac or pulmonary disease can be a diagnostic 
challenge. The dyspnea of pregnancy is typically gradual in 
onset, is not associated with cough, wheezing, or chest pain, 
and is characterized by a clear lung exam and normal 
spirometry. 


Definition 


Amount of air inspired and expired with normal breathing 

Amount of air in lungs at maximal inspiration 

Amount of air that can be forcibly expired after maximal inspiration 
Amount of air remaining in lungs after maximal expiration 

Amount of air remaining in lungs at resting expiratory level 
Amount of air that can be inspired from resting expiratory level 
Amount of air that can be inspired at the end of normal inspiration 
Amount of air that can be expired from resting expiratory level 
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Change in pregnancy 
None 

Increased 30—40% 
Decreased 5% 

none 

Decreased 20-25% 
Decreased 20% 
Increased 5-10% 
none 

Decreased 15-20% 


AIRWAY DISEASES 

Asthma 

Epidemiology 

Asthma is the most common pulmonary disorder in 
pregnancy, affecting 8% of pregnant women (12). The 
National Asthma Education Program Working Group on 
Asthma in Pregnancy estimated that 10% of pregnant 
asthmatics have an acute exacerbation of asthma during labor, 
and 0.2% experience status asthmaticus during the course of 
their pregnancy (13,14). Approximately one-third of asth- 
matics have an improvement in asthma control during 
pregnancy, one-third have worsening during pregnancy, and 
one-third experience no change (13). 


Maternal and Fetal Effects 

Over the last 30 years, multiple studies have investigated the 
effect of asthma on maternal and fetal outcomes, with varying 
results. There have been reports of adverse outcomes, 
including low infant birth weight, congenital malformations, 
increased incidence of preterm labor, and increased incidence 
of maternal pre-eclampsia and hypertension, particularly in 
poorly controlled asthmatics (15). A recent case-control study 
of over 3000 women over 10 years showed only an increase in 
pre-eclampsia and maternal hypertension in poorly controlled 
asthmatic patients (16). 


Symptoms and Triggers 

Asthma is characterized by either partial or completely 
reversible airway obstruction, with airway inflammation, 
bronchospasm, and mucous hypersecretion. Typical symp- 
toms of asthma include dyspnea, cough, wheezing, and chest 
tightness. These may be worse at night and, with exercise, may 
occur in the setting of an upper respiratory tract infection or 
after exposure to environmental triggers such as hot or cold 
air, dust or pollen, house dust mites, cockroach antigens, pets, 
or other inhaled irritants. Asthma symptoms can also be 
triggered by gastroesophageal reflux that is estimated to occur 
in up to 50% of pregnant women (17) or by postnasal drip that 
is precipitated by hyperemia and glandular hyperactivity in the 
upper respiratory mucosa during pregnancy. 


Diagnosis and Monitoring 

The diagnosis of asthma is made based on the clinical history 
as noted above with or without supporting physical exam 
findings of expiratory wheezing or rhonchi. The diagnosis is 
confirmed by spirometry demonstrating a reduced forced 
expiratory volume in one second (FEV1) with a reduced ratio 
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Table 2 Assessing Asthma Severity 


Intermittent Mild persistent 
Symptoms <2 days/wk >2 days/wk 
Nocturnal Awakenings <2 times/month 3—4 times/month 
Use of rescue inhaler <2 days/wk >2 days/wk, but not 
>1 time/day 
Interference with None Minor limitation 
normal activity 
Lung function Normal FEV1>80% predicted 
FEV1/FVC normal 
Recommended step Step 1 Step 2 


for initiating 
treatment 


of FEV1 to FVC, with further confirmation if airway 
reversibility is shown by an improvement by 12% and 200cc 
in either the FEV1 or the FVC after the administration of an 
inhaled bronchodilator. The sensitivity, however, of spirome- 
try in the diagnosis of asthma is limited (18). Methacholine 
challenge testing, which can be used to diagnose asthma in 
patients with normal spirometry, is contraindicated in 
pregnant women due to a lack of safety data (19). 

Once the diagnosis of asthma has been established, the 
cornerstone of asthma assessment is patient self-monitoring 
with a portable peak flowmeter. Patients should be instructed 
to measure their peak expiratory flow on a regular basis at 
different times of day to establish a baseline, and then to use 
the meter when experiencing new or changing respiratory 
symptoms, in order to facilitate early detection of an acute 
asthma exacerbation. The peak flowmeter is a particularly 
helpful objective assessment of pulmonary function in 
distinguishing between the normal dyspnea of pregnancy 
and worsening of asthma symptoms. 

Physician assessment of asthma control involves tracking 
the frequency and severity of asthma symptoms, including the 
presence of nocturnal awakenings due to asthma and the use 
of short-acting inhaled beta-agonist rescue therapy. Most 
importantly, patients should be asked about their consistent 
use of controller medications and avoidance of environmental 
triggers. Pregnant asthmatics requiring regular controller 
medications should undergo monthly physician visits. 


Treatment 

The first step in the treatment of asthma is to identify and 
counsel patients on the avoidance of asthma triggers. In 
addition, assessment should be performed for the presence of 
other conditions that can exacerbate asthma such as allergic 
rhinitis, sinusitis, and gastroesophageal reflux disease and 
these conditions should be treated if present. 

It is important to note that the risks of uncontrolled asthma 
far outweigh any risks from the medications used to control 
asthma (20). 

Airway inflammation is treated with inhaled corticosteroids 
and bronchial hyper-responsiveness is treated with short- or 
long-acting bronchodilators. In addition, leukotriene receptor 
antagonists, theophylline, and cromolyn appear to be safe 
during pregnancy and may be considered in select patients 
(21). Most data on the safety of asthma medications in 
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Moderate persistent Severe persistent 


Daily Continuous 
>1 time/wk Nightly 
Daily Several times/day 


Some limitation Extremely limited 


FEV1>60% but <80% 
FEV1/FVC reduced 5% 


FEV1<60% predicted 
FEV1/FVC reduced 
>5% 

Step 4 or 5 and consider 
short course of systemic 
corticosteroids 


Step 3 


pregnancy are observational, with the most extensively studied 
being albuterol and inhaled budesonide (21-23). Albuterol 
appears to be safe based on a review of six published studies 
including 1599 women and a prospective study including 1828 
women, in whom no significant relationship was found 
between the use of inhaled beta-2 agonists and adverse 
pregnancy outcomes (21,24). The National Asthma Education 
and Prevention Program Working Group reviewed 10 studies, 
including 6113 patients who were treated with inhaled 
corticosteroids during pregnancy and found no increases in 
congenital malformations or adverse perinatal outcomes in 
these patients (24). 

The pharmacologic treatment of asthma depends on the 
severity of the asthma symptoms and degree of physiologic 
impairment. Patients with mild, intermittent asthma (symp- 
toms <2 days/wk and <2 nights/month with normal FEV1) 
do not require daily controller medications and can be 
managed with a short-acting inhaled bronchodilator as 
needed. Patients with persistent asthma (symptoms >two 
times/wk or >2 nights/month) require daily treatment with 
inhaled corticosteroids at increasing dosages depending on 
the severity and frequency of their asthma symptoms, with 
the addition of inhaled long-acting beta agonists in steps 4 to 
6 (19,24,25) (Tables 2, 3, and 4). 

Pregnant patients who had good asthma control prior to 
pregnancy should generally be instructed to continue on their 
prepregnancy regimen. In nonpregnant patients, it is recom- 
mended that if their asthma has been well controlled for 
3 months, then they be considered for a step-down in their 
therapy. This may also be considered in pregnant patients 
requiring high-dose inhaled corticosteroids with long-acting 
inhaled beta agonists, with the goal of first eliminating the 
long-acting beta agonist if possible, as data are lacking 
regarding the safety of long-acting beta agonists during 
pregnancy. The safety of short-acting beta agonists and the 
accumulating clinical experience with these medications 
during pregnancy are reassuring. Therapy should be increased 
by one step (Table 3) in patients with poorly controlled 
asthma. Patients using their rescue inhalers more than twice a 
week should be considered for a step-up in therapy. If patients 
have very poor asthma control, therapy should be increased by 
two steps or a short course of systemic corticosteroids should 
be prescribed. A typical regimen would be oral prednisone 40 
to 60mg daily for 1 week, followed by a taper over 7 to 10 days. 
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Table 3 Steps of Asthma Therapy During Pregnancy 


Step Preferred controller medication 

1 None 

2 Low-dose inhaled corticosteroid 

3 Medium-dose inhaled corticosteroid 

4 Medium-dose inhaled corticosteroid plus LABA 
5 High-dose inhaled corticosteroid plus LABA 

6 High-dose inhaled corticosteroid plus 


LABA plus oral prednisone 
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Alternative controller medication 
LTRA, cromolyn, theophylline 
Low-dose inhaled corticosteroid plus LABA, 
LTRA, or theophylline 
Medium-dose inhaled corticosteroid plus either 
LTRA or theophylline 


Abbreviations: LTRA, leukotriene receptor antagonist; LABA, long-acting beta-2 agonist. 


Table 4 Controller Medications for the Management of Asthma During Pregnancy 


Inhaled corticosteroids Usual dose FDA pregnancy class 
Budesonide Low: 180—600 ug/day B 
Medium: 600-1200 ug/day 
High: >1200pg/day 
Beclomethasone Low: 80-240 g/day Cc 
Medium: 240—480 g/day 
High: >480 g/day 
Fluticasone Low: 100-300 ug/day Cc 
Medium: 300-500 ug/day 
High: >500 ug/day 
Long-acting beta agonists (add-on 
therapy to medium- or high-dose 
inhaled corticosteroids) 
Salmeterol 1 puff BID Cc 
Formoterol 1 puff BID C 
Leukotriene receptor antagonists 
Montelukast 10mg daily B 
Zafirlukast 20mg BID B 
Theophylline 400-600 mg/day (adjusted to level 8-12 ug/mL) Cc 
Cromolyn 2 puffs QID B 


Labor and Delivery Management 

Acute exacerbations of asthma are rare during labor and 
delivery. Adequate analgesia with the use of epidural 
anesthesia may reduce the risk of bronchospasm and has the 
added benefit of reducing oxygen consumption and minute 
ventilation during labor. The ultimate goal of asthma 
management during labor and delivery is maintaining 
adequate oxygenation of the fetus by prevention of hypoxic 
episodes in the mother. 


Cystic Fibrosis 

Cystic Fibrosis occurs in about 1 in 1500 whites and 1 in 
17,000 blacks (26). With improved therapy, median survival is 
now 33.4 years (26,27). The Cystic Fibrosis Foundation found 
that in 2004, 191 American women with CF were pregnant. 
Though many women with CF, particularly those with more 
mild disease, are able to undergo pregnancy without 
significant problems, pregnancy in CF patients has been 
associated with adverse fetal and maternal outcomes. Close 
management by a multidisciplinary team is required through- 
out the pregnancy. Overall, 25% of patients had preterm 
delivery, and the 2-year perinatal death rate was 14%. The 
mortality risk appears to be associated with more severe 


disease, with the suggestion that an FEV1<60% of predicted, 
colonization with Burkholderia cepacia, poor nutrition, and 
diabetes mellitus are poor prognostic factors for both maternal 
and fetal outcomes (28-30). Women with CF with good 
pulmonary function prior to pregnancy do develop an 
increased frequency of pulmonary exacerbations and hospita- 
lizations throughout the course of gestation, but there is no 
change in long-term survival compared with controls (30). 


Bronchiectasis 

There is little information known about the impact of 
bronchiectasis on pregnancy. Based on case reports in the 
literature, it appears that there is no change in pulmonary 
function during pregnancy and no significant effects on fetal 
outcomes if normal oxygenation is maintained (31,32). In 
cases in which maternal hypoxia was present, fetal growth 
retardation has been reported (31). 


DISORDERS OF THE PULMONARY VASCULATURE 
Pulmonary Hypertension 

Pulmonary Hypertension is defined as an elevated 
mean pulmonary artery pressure of greater than 25mmHg 
and a pulmonary capillary wedge pressure of greater than 
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15mmHg, measured with a right heart catheter at rest (33). 
It can be primary, caused by a vasculopathy in the pulmonary 
arteries, or secondary, due to diseases affecting the lungs such 
as pulmonary emboli, interstitial lung diseases of many 
etiologies, emphysema, cardiac disease, or extra pulmonary 
diseases such as HIV, liver failure, or sleep apnea, with 
resultant hypoxemia (34). 

It becomes relevant for obstetricians to learn about PH 
because women of childbearing age are more likely to suffer 
from primary pulmonary arterial hypertension (PAH) or 
congenital heart disease, and the hemodynamic demands of 
pregnancy can lead to increased cardiac output and hemody- 
namic or respiratory decompensation. With maternal 
mortality estimated between 30% and 50%, historically, the 
recommendation has been, for women with PAH, to avoid 
pregnancy with effective contraception and to terminate 
pregnancy should it occur (35). More recently, medications 
have become available that can lower pulmonary artery 
pressures, thereby improving exercise tolerance, quality of 
life, and survival. These medications, however, do not cure the 
condition (35,36). Use of these therapies, such as IV 
epoprostenol, inhaled nitric oxide, inhaled iloprost, oral 
calcium channel blockers, endothelin receptor antagonists 
(bosentan, ambrisentan), and sildenafil, have been tried and, 
in review, have resulted in lower but still high mortality, over 
25% (37-40). 

We would continue the recommendation to avoid preg- 
nancy, but should the woman wish to proceed, consultation 
with expert cardiologists, pulmonologists, and anesthesiolo- 
gists with experience with these new therapies and complica- 
tions during delivery should be obtained. Termination of 
pregnancy should be considered if PH worsens, which is 
reported most often between 20 and 24 weeks, when most 
hemodynamic changes have occurred (37,40). 


Pulmonary Embolism 

Overview 

Deep venous thrombosis and its manifestation, pulmonary 
embolism, (DVT/PE) are the leading cause of maternal death 
in the developed world. Estimated deaths in the United States 
and Europe are 1.1 to 1.5 per 100,000 deliveries, with 5 to 
12 events of DVT/PE per 100,000 pregnancies, which is 7 to 
10 times higher than age-matched nonpregnant women (41). 

Two-thirds of DVT occur antepartum and are equally 
distributed among the trimesters. PEs occur more commonly 
post delivery, 43% to 60%, and the risk of DVT/PE is elevated 
for 6 weeks following delivery. Pregnancy is thus considered a 
hypercoagulable or thrombophilic state, increasing the risk of 
DVT/PE (42). 

Pregnancy is associated with hypercoagulable changes in 
blood, venous stasis with decreased blood flow, compression 
of iliac veins by the uterus, the crossing of the right iliac artery 
over the left iliac vein, and immobilization. Trauma from the 
delivery or from interventions to aid in delivery can lead to 
vascular damage and therefore all variables of Virchow’s 
triad: hypercoagulability, venous stasis, and vascular damage 
(41-43). 

Other factors increasing the risk for DVT/PE include 
underlying thrombophilias (found in approximately 50% of 
episodes in pregnancy), previous DVT or family history of 
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DVT/PE, elevated BMI, immobilization, assisted reproduction, 
hemorrhage, infection, Caesarean delivery (especially emergent 
multiple pregnancies), age over 35, and pre-eclampsia (42). 


Diagnosis 

The diagnosis of DVT/PE in pregnancy is more complicated 
than that in the nonpregnant population, as the symptoms are 
nonspecific, overlap with those of normal pregnancy, and 
require the use of radiation-associated imaging, which patients 
and physicians wish to avoid due to negative effects on the 
fetus. Recommendations are extrapolated from studies in 
nonpregnant populations from which pregnant women were 
specifically excluded (41-45). 

Most patients with DVT/PE will complain of shortness of 
breath, pleuritic chest pain, hemoptysis, syncope, or leg 
swelling occurring over minutes to hours. They may have 
tachypnea, tachycardia, hypotension, and shock. While these 
symptoms and signs are sensitive, they are not specific to 
confirm the diagnosis, and further objective testing, such as 
imaging, is required. 

Consideration of the possibility of DVT/PE is the most 
important factor leading to a correct diagnosis and requires 
that one recognize the signs and symptoms while screening for 
risk factors in addition to pregnancy. Examination of the 
patient should focus on temperature, heart rate, respiratory 
rate, blood pressure, oxygen saturation, the presence of jugular 
venous distention, wheezing, rales, pleural rubs, heart 
murmurs or gallops, leg swelling, tenderness, and/or warmth. 
The differential diagnosis often includes pulmonary conges- 
tion, heart failure, atelectasis, asthma, pneumonia, and 
pneumothorax in addition to DVT/PE. A clinical probability 
for DVT/PE should be made. Clinical prediction rules and 
algorithms exist and have been evaluated in the nonpregnant 
population, but have not been similarly developed for the 
pregnant group. Therefore, if DVT/PE is suspected, further 
studies are required (41-43). 

Electrocardiograms and arterial blood gases have not been 
demonstrated to be useful in excluding or making the 
diagnosis of PE, although they can aid in the evaluation of 
other conditions, such as myocardial infarction. d-Dimer 
testing remains problematic, as the levels increase in the blood 
through each trimester and often exceed the upper range of 
normal, which has been established in nonpregnant subjects 
(46). Furthermore, levels have not been developed to allow the 
treating physician to discriminate DVT/PE from normal 
pregnancy. By contrast, however, threshold levels have been 
developed in the nonpregnant patient. Therefore, the 
combination of a low suspicion for DVT/PE and a normal 
level of d-dimer in the blood effectively rules out the diagnosis. 
However, in those who have an intermediate or high clinical 
suspicion, a d-dimer study will neither diagnose nor exclude 
DVT and, therefore, it is not recommended. 

Once the diagnosis is considered, and further testing is in 
progress, treatment should begin. The next test should be 
compression ultrasonography of the lower extremities. It is 
noninvasive and does not require radiation. If DVT is seen, PE 
can be diagnosed and treatment continues as it is the same for 
DVT and PE. Limitations to this study are its decreased 
accuracy in those without symptoms or signs of DVT or with 
isolated calf, iliac vein, or pelvic vein thromboses. If DVT is 
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not seen, further testing is indicated. Available studies include 
chest radiography, ventilation—perfusion scintigraphy (V/Q), 
computed tomography pulmonary angiography, pulmonary 
angiography, and CT or conventional venography (41,42,45). 

While chest radiography can suggest an alternate 
diagnosis, such as fluid overload, pneumonia, or pneu- 
mothorax, it cannot definitively exclude or make a 
diagnosis of DVT/PE. V/Q scanning has been validated in 
the diagnosis of PE, in combination with pretest clinical 
probability determinations. A normal or near-normal scan 
and low clinical probability practically excludes the 
diagnosis in nonpregnant patients. A high clinical suspi- 
cion with a high probability scan confirms the diagnosis. 
All other combinations of clinical probability and scan 
interpretation do not confirm or exclude the diagnosis. The 
radiation dose from a complete V/Q scan is from 0.00028 
to 0.00051 Gy; doses in humans of 0.01 Gy during 
gestation are estimated to be a threshold above which 
increased congenital abnormalities are seen. Fetal exposure 
to radiation of 0.01 Gy above normal background radiation 
may increase the probability of cancer before age 20 by 
0.017 (41). 

Results of V/Q scanning show that 70% are interpreted as 
normal and 25% are non-diagnostic. These results suggest that 
V/Q scanning may be a good first test to exclude PE, but many 
patients will require further testing (47). 

CT scanning delivers 0.00003 to 0.00013 Gy to the fetus, 
similar to V/Q scanning; however, more radiation is received 
by the mother’s breasts than the fetus. The incidence of breast 
cancer may be increased with chest CT. CT scans are reported 
either as positive or negative and are accurate in lobar vessels 
(97% accurate). In smaller segmental and subsegmental 
vessels, accuracy declines and both false-positive (reported 
clot where none exists) or false-negative results are noted. 
However, a negative scan can reliably exclude the diagnosis, 
and follow-up of those with negative scans show good 
outcomes without treatment. An advantage of CT is that 
other diagnoses may be made. The problem of isolated pelvic 
vein thrombosis can be associated with abdominal and back 
pain, and swelling of the leg may require CT scanning of the 
iliac veins and pelvis (41,48,49). 

In studies of nonpregnant patients who undergo full 
diagnostic testing for DVT/PE, up to 25% of patients will 
have the diagnosis confirmed. In pregnant women, 10% to 
15% will be found to have DVT/PE. Despite studying many 
patients who do not have DVT/PE, it is felt that with a 
mortality of 30% when untreated, compared with 8% when 
treated, evaluation leading to a diagnosis is required if a 
pregnant patient presents with signs or symptoms suggestive 
of possible DVT/PE (41). 

If the V/Q scan and chest CT are non-diagnostic, 
conventional angiography can be done. This choice requires 
trained personnel both to perform and to interpret the 
study. It delivers more radiation than other studies, but 
offers the most certain diagnosis. However, with the 
widespread availability of CT scans, this test is less 
frequently done. 

A suggested approach to the evaluation of DVT/PE is to 
consider the diagnosis in those who complain of acute 
dyspnea, pleuritic chest pain, hemoptysis, or syncope. A chest 
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radiograph, electrocardiogram, and ultrasound of the lower 
extremities should be obtained. Blood studies can include a 
blood count and d-dimer. If an alternative diagnosis is not 
made, or the ultrasound does not reveal DVT, then further 
imaging is needed. We recommend a CT angiogram, as this 
will be diagnostic in most cases. A CT angiogram requires 
informed consent from the patient and should include a 
discussion of radiation exposure to the patient and fetus, 
including a possible slightly elevated risk of cancer. If available, 
a discussion with radiology personnel and the application of 
breast shields can be attempted (41,50). 


Therapy 

The initial treatment of DVT/PE in both pregnant and 
nonpregnant patients is heparin. Low—molecular weight 
heparin (LMWH) (enoxaparin 1mg/kg up to 100mg twice 
daily, dalteparin using weight-based dosing of 5000-10,000 
units twice daily, or tinzaparin 175units/kg once daily at all 
weights) is preferred (41,44). Unfractionated heparin, given 
intravenously, was the standard historically, but studies have 
shown that the subcutaneous use of LMWH has therapeutic 
equivalence, better bioavailability and predictable dose 
response, a reduced risk of bleeding, weight-based dosing 
without the need for monitoring of coagulation, reduced risk 
of heparin-induced osteoporosis and fractures, and reduced 
risk of heparin-induced thrombocytopenia. Heparins neither 
cross the placenta nor are they excreted in breast milk. Allergic 
reactions are uncommon and include itching, urticaria, and 
erythematous plaques (44). 

Full anticoagulation in the absence of other factors, such as 
an underlying thrombophilia or prior DVT/PE, must continue 
for at least 6 months, throughout the pregnancy, and at least 
6 weeks postpartum. 

In patients with massive PE, mortality with aggressive 
therapies exceeds 50%. These patients are hemodynamically 
unstable, with a large clot burden causing obstructive shock, 
right ventricular failure, hypoxemia, and hypotension. In the 
nonpregnant patient, the use of thrombolytics, such as tissue 
plasminogen activating factor, or streptokinase, are used. 
Thrombolysis, as well as surgical embolectomy, has been 
used in pregnant patients with successful outcomes 
(41,44,51). 

For patients receiving heparin, some clinicians have 
recommended a reduction in dose to 75% of a full treatment 
dose after 30 days, extrapolating from studies in nonpregnant 
patients. This approach has not been confirmed with studies in 
pregnant patients but is not unreasonable (44). 

If pregnant patients are receiving anticoagulation therapy 
and are approaching delivery, they can be switched from 
subcutaneous LMWH to IV unfractionated heparin 24 to 
36 hours prior to elective induction of labor or caesarean 
section. If, however, spontaneous labor begins while the 
patient is receiving subcutaneous LMWH, epidural anesthesia 
cannot be administered. 

A special situation involves women with a recent (less than 
1 week previously) DVT/PE receiving full anticoagulation 
therapy near delivery. There is a higher rate of recurrence 
during this period. Options include insertion of an inferior 
vena cava filter and induction of labor with reinstitution 
of anticoagulation following delivery when hemostasis is 
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obtained, or switching from LMWH heparin subcutaneously 
to IV unfractionated heparin and cessation 4 to 6 hours prior 
to expected delivery (44). 


Prevention 

If a patient with known risk factors for DVT/PE, such as a 
history of prior idiopathic or pregnancy-associated DVT/PE or 
a known thrombophilia, becomes pregnant, their risk for 
recurrent DVT/PE during pregnancy will be increased. As a 
preventative strategy, low-dose subcutaneous LMWH should 
be given throughout the pregnancy and postpartum for 
6 weeks. If women with known thrombophilia have not had 
DVT in the past, with the exception of antithrombin 
deficiency, they should receive low-dose prophylactic therapy 
throughout the pregnancy and for 6 weeks after delivery 
(34,44). 


AMNIOTIC FLUID EMBOLISM SYNDROME 

A rare but catastrophic situation is amniotic fluid embolism 
syndrome (also called anaphylactoid syndrome of pregnancy). 
It is rare, unpredictable, unpreventable, and has a high 
mortality rate between 20% and 90%. Survivors are often left 
with anoxic encephalopathy. After pulmonary thromboembo- 
lism, it is the next leading cause of unexpected maternal death. 
Women who undergo a difficult labor, who are older, who 
have a caesarean or instrumental delivery, and who have 
placenta previa or abruptio are at an increased risk (52). 

The clinical presentation is the sudden onset of hypoxemia, 
hypotension, seizures, and coagulopathy during labor or 
within 30 minutes of delivery. The condition appears as a 
systemic process with hypoxemia due to ventilation perfusion 
mismatching followed by non-cardiac pulmonary edema, 
hypotension, decreased left ventricular function, and, within 
minutes, disseminated intravascular coagulation with bleed- 
ing. Occasional cases are reported following abortion, 
amniocentesis, or trauma. There are no specific tests that 
confirm the diagnosis. The differential diagnosis includes 
sepsis, acute PE, anaphylaxis, air embolism, anesthetic 
complications, transfusion reactions, eclampsia, heart failure, 
hemorrhage, or aspiration and all of these must be considered 
(52,53). 

Treatment is supportive with supplemental oxygen, most 
likely with intubation and mechanical ventilation, trying to 
maintain a maternal PO, greater than 65mmHg. Blood 
pressure should be maintained with norepinephrine or 
dopamine and fluids, while central access is obtained, and 
evaluation of fluid status is undertaken. Blood and blood 
products may be necessary, and delivery might be necessary as 
well, but bleeding must be controlled first (20,21). 

The etiology of this syndrome is unknown, but it is felt to be 
inflammatory—a response to antigens in amniotic fluid in 
susceptible hosts (52-54). 


RESTRICTIVE LUNG DISEASES 

There are a number of chronic lung diseases affecting women 
of childbearing years that are characterized by reduced lung 
volumes and normal expiratory airflow. Their physiology is 
described as restrictive, as compared with the “obstructive” 
diseases such as asthma and CF. These diseases can cause 
increased respiratory distress in pregnant women, as the 
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normal physiology of pregnancy progresses with its increase in 
minute ventilation and oxygen consumption, changes in rib 
cage displacement, and intravascular volume, which add to 
baseline pulmonary dysfunction. We will discuss some of the 
more common disorders and their response to pregnancy 
(55,56). 


Kyphoscoliosis 
Kyphoscoliosis is a deformity of the spine with excessive 
curvature either posterior (kyphosis) or lateral (scoliosis). 
Women are more commonly affected than men, with a 
prevalence of 10.7% in women 25 to 74 years, documented in 
one study. Kyphoscoliosis, by causing a reduction in lung 
volumes, can lead to respiratory failure and death. The 
deformity of the chest wall compresses the lungs and leads to 
ventilation perfusion mismatching, hypoxemia, and, occa- 
sionally, hypercarbia. PH and heart failure can occur (57). 
Despite these findings, and worsening respiratory function, 
reported outcomes of pregnancies appear to be good. Patients 
should have their pulmonary function tests measured, and 
oxygen saturation followed throughout pregnancy, at rest and 
with exercise, and should be supplemented when oxygen 
saturations drop below 95% (58). 


Lymphangioleiomyomatosis 

Lymphangioleiomyomatosis (LAM) is a rare lung disease more 
common in women. It can occur sporadically or can be 
associated with tuberous sclerosis. Pathologically, cysts and a 
multifocal nodular proliferation of immature smooth and 
perivascular epithelioid cells are found. Women may complain 
of shortness of breath, cough, or hemoptysis and can be found 
to have a pneumothorax or a chylous effusion in the chest or 
abdomen. The condition is associated with angiomyolipomas 
of the kidneys and meningiomas. 

In the lungs, chest CT scanning shows multiple (more 
than 10) thin-walled air-filled cysts with preserved lung 
volumes and no other lung involvement. Pulmonary function 
tests may show expiratory airflow obstruction and/or 
restrictive abnormalities with hypoxemia and normal PCO. 
Prognosis is variable with median survival of 8 to 10 years 
following diagnosis and has been reported to be up to 20 years. 
No treatment is of proven benefit. Treatment is supportive 
with oxygen, bronchodilators, and occasionally lung trans- 
plantation. 

It is believed that estrogens are related to the progression of 
the disease and should therefore be avoided. Pregnancy in 
these patients has been associated with an increased risk of 
pneumothorax and chylothorax. Those who are pregnant 
prior to the diagnosis of LAM appear to do well, while those 
whose diagnosis is made during pregnancy have an increased 
incidence of premature births and can have greater progres- 
sion of the disease. 

Therefore, women with LAM should be evaluated prior to 
pregnancy and advised of possible complications. Should they 
elect to become pregnant, or proceed with pregnancy, they 
should be evaluated for the progression of disease and 
pneumothoraces (59). 
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Sarcoidosis 

Sarcoidosis is a multisystem granulomatous disorder of 
unknown etiology that results in noncaseating granulomas in 
involved organs. It most commonly affects people under 
40 years of age and, while affecting all races, is more common 
in blacks than whites. The lung is the most commonly 
involved organ (over 90%), and patients present with dyspnea, 
cough, fever, malaise, and weight loss. Other organs such as 
the heart, eyes, and skin are frequently involved. The diagnosis 
is made with a consistent clinical picture and a consistent 
biopsy. Many patients will spontaneously improve, while 
others will require treatment, usually glucocorticoids. Patients 
can progress to respiratory failure due to interstitial lung 
disease and fibrosis. 

Sarcoidosis does not seem to affect fertility or increase the 
incidence of maternal or fetal complications. Corticosteroids 
may be administered before and during pregnancy. However, 
with the use of systemic steroids during pregnancy, there is a 
reported increase in the incidence of cleft palate in fetuses and 
women should be made aware of this possible side effect. Some 
women improve during pregnancy as endogenous steroid 
levels rise. If respiratory function deteriorates, supplemental 
oxygen might be needed (60). 


INFECTIOUS DISEASES 

Allergy and Upper Respiratory Tract Infections 

Upper respiratory tract infections are common disorders for 
which patients, pregnant and nonpregnant, seek therapy. 
These disorders can be challenging in the pregnant patient 
because many of the relieving medications must be avoided 
and because noninfectious rhinitis is a common symptom 
during normal pregnancy. 

Rhinitis of pregnancy occurs in 20% to 30% of women, and 
although it does not appear to affect outcome, it can certainly 
affect sleep, nutrition, and increase stress (61). Rhinitis of 
pregnancy is defined as nasal congestion and/or rhinorrhea 
lasting more than 6 weeks in the absence of signs of infection 
or a known allergen. Usually it is not necessary to treat 
pharmacologically and measures such as exercise (nasal 
vasoconstriction), saline spray or irrigation, and head of the 
bed elevation can be very effective (62). Intranasal glucocorti- 
coid sprays do not seem to be beneficial, and when necessary, 
pseudoephedrine can be used after the first trimester and if 
there is no maternal hypertension (63). 

Much like asthma, allergic rhinitis that is present prior to 
pregnancy may remain stable, worsen, or improve (64). Skin 
testing to identify an allergen is avoided during pregnancy 
given the possibility of a severe systemic allergic response 
during testing. Intranasal cromolyn sodium is safe and 
efficacious, and unlike in non-allergic rhinitis of pregnancy, 
intranasal glucocorticoids are effective and considered safe 
(65). Antihistamines are generally less effective and the 
intranasal formulations should be avoided. Second-generation 
antihistamines such as loratadine and cetirizine are the 
formulations of choice if more than topical therapy is needed. 
Decongestants have the added benefit of having vasoconstric- 
tive properties, but because of this effect, they should be 
avoided in the first trimester. Nasal oxymetolazone, as in 
nonpregnant patients, should be used only for a short duration 
of 2 to 3 days to avoid rebound symptoms. If necessary, 
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pseudoephedrine can be used after the first trimester and if 
there is no maternal hypertension (65,66). Allergen immu- 
notherapy is often successful in controlling symptoms of 
allergy—both rhinitis and asthma. While it is not recom- 
mended to start immunotherapy during pregnancy, for fear of 
systemic allergic reaction, patients who are tolerating a stable 
dose and who are benefiting from the therapy prior to 
pregnancy should continue their injections throughout 
pregnancy (67). 

The practitioner must have a low threshold for suspecting 
bacterial sinusitis, as this entity is a common upper respiratory 
tract complication of pregnancy. Often the symptoms of fever 
and purulent discharge are absent. Radiologic evaluation with 
X-ray, computed tomography, or magnetic resonance imaging 
should be reserved for those not improving on antibiotics. 
Pathogens are identical to those in all bacterial sinusitis: 
Haemophilus influenza, Moraxella catarrhalis, and Streptococcus 
pneumoniae. Treatment should be initiated with high-dose 
amoxicillin, amoxicillin—-clavulanate, or one of the oral 
second- or third-generation cephalosporins. A penicillin 
allergic patient may receive trimethoprim—sulfamethoxazole 
or azithromycin but the fluoroquinolones, tetracycline, and 
doxycycline should all be avoided (68). 

Just as in the nonpregnant host, it is estimated that 90% of 
acute bronchitis—productive cough due to airway inflamma- 
tion with a clear X-ray—is viral in origin. Rhinovirus, 
influenza, parainfluenza, respiratory syncytial virus, and 
adenovirus are the usual implicated viral pathogens. Without 
a chest radiograph, it can be difficult to determine whether a 
lower respiratory tract infection is bronchitis or pneumonia. 
The presence of high fever, lack of upper respiratory tract viral 
symptoms, and leukocytosis might suggest pneumonia, and a 
chest X-ray and/or a course of antibiotics is probably 
warranted (69). Humidified steam can be more helpful than 
prescription or over-the-counter cough medication and 
should be encouraged. 


Bacterial Pneumonia 

Pneumonia in pregnant patients is rarely fatal and has the 
same incidence as in non-gravid individuals. However, there is 
both maternal and fetal morbidity associated with the 
condition such as hypoxemia and low birth weight (69). 
While a young, otherwise healthy pregnant, woman may not 
have a classic presentation, fever, rigors, dyspnea, productive 
cough, and occasionally pleurisy are common presenting signs 
and symptoms of bacterial pneumonia. A chest radiograph is 
required and the risk of an undiagnosed pneumonia far 
outweighs the risk of fetal radiation if the usual shielding 
precautions are taken. Causative organisms are those common 
in community acquired pneumonia such as S. pneumoniae, H. 
influenza, Staphylococcus aureus, Legionella, Mycoplasma, and 
Chlamydia. Treatment with azithromycin and, in severe cases, 
ceftriaxone, is recommended. As with sinusitis, doxycycline, 
clarithromycin, and the fluoroquinolones should be avoided. 
Aspiration is common during pregnancy, and when pneu- 
monia develops around the time of delivery or after an 
aspiration event, anaerobic organisms should be considered 
and treated (70). 
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Influenza 

There have been three major influenza pandemics in the past 
100 years—1918, 1957, and the HIN1 pandemic of 2009. In all 
three pandemics, there was higher morbidity and mortality 
among pregnant women. Seasonal influenza also takes a toll on 
the gravid patient with smokers, asthmatics, and women with 
other comorbid medical conditions having a higher rate of 
serious complications and hospitalization. This is especially true 
in the third trimester. Why influenza infection affects this 
pregnant group of young patients more seriously than their 
nonpregnant peers is unclear — theories suggest some difference 
in the immune system, the propensity of pregnant patients to 
have pulmonary edema due to hypoalbuminemia, and 
decreased oncotic pressure or their higher baseline oxygen 
consumption. Pregnant patients with known or suspected 
seasonal influenza should be observed closely so that if 
respiratory symptoms appear, they can be hospitalized. 
Otherwise, the usual treatment of rest, fluids, and acetamino- 
phen for fever and myalgias applies (71). 

The 2009 pandemic H1N1 influenza virus caused serious 
disease requiring hospitalization in many pregnant patients. 
Especially in the third trimester, infected women experi- 
enced respiratory failure, miscarriage, and preterm births. 
This led to the gravid patient being a priority for vaccination 
that season. In fact, influenza vaccination is recommended 
for all pregnant patients as experience has shown no risk to 
the fetus and a favorable benefit (72). Oseltamivir should be 
given to all hospitalized gravid patients with the H1N1 strain 
even if the conventional 48 hours of symptoms has passed. 
As with most viral respiratory infections, the bacterial 
superinfection rate is high and concomitant antibiotics 
should be considered (73). 


Tuberculosis 

Over 11,000 active cases of tuberculosis were reported in the 
United States in 2009 (74). Pregnancy does not appear to 
change the pathogenesis or disease progression of tubercu- 
losis (75). Skin testing is safe and the results are not altered 
by pregnancy. However, routine testing for latent tubercu- 
losis is not recommended unless the woman has a specific 
risk of quick progression from latent to active disease such as 
HIV infection or a recent significant exposure. Skin testing 
during pregnancy indicates that the practitioner has an 
intention to treat during pregnancy. In that setting, a 
positive skin test warrants a chest X-ray and evaluation to 
rule out active disease and then prophylactic therapy with 
isoniazid. In everyone other than those with immunosup- 
pression or a recent exposure, testing and/or latent 
tuberculosis therapy should be deferred until at least the 
third month postpartum, since the risk of isoniazid 
hepatotoxicity is increased during pregnancy and the early 
postpartum period (76-78). 

Active tuberculosis occurring during pregnancy may be 
initially hard to diagnose, as fatigue and malaise might be 
misinterpreted and weight loss can be mild. The workup for 
tuberculosis is the same in a pregnant patient as for a 
nonpregnant patient, and a new diagnosis of active 
tuberculosis should always prompt an HIV test. Active 
disease should be treated, as the risk of untreated disease is 
certainly higher than that of antituberculosis drug therapy 


27-9 


(77). First-line therapy is isoniazid, rifampin, and ethambu- 
tol, but pyrazinamide should be avoided because of limited 
safety data in pregnancy. However, in those patients with 
HIV, drug resistance, or extensive disease, its use should be 
considered. Streptomycin is a known teratogen and causes 
congenital deafness, so it should be avoided. Kanamycin, 
amikacin, and capreomycin are to be avoided because all 
cause eighth nerve damage and can cause renal toxicity. 
Generally any patient with multidrug resistant disease or who 
fails first-line therapy should be seen by an expert in 
tuberculosis. All patients are monitored using directly 
observed therapy and for hepatotoxicity (78). 


Pneumocystis Jiroveci Pneumonia due to the Human 
Immunodeficiency Virus/Acquired Immunodeficiency 
Syndrome 

With the implementation of highly active antiretroviral 
therapy, the last decade has seen a remarkable decrease in 
both the morbidity and the mortality associated with HIV and 
AIDS. However, the percentage of AIDS cases in women 
continues to grow annually. By 2007, 27% of adult AIDS 
patients were woman, and of these, 83% were women from 
communities of color (79). Heterosexual contact is the most 
common mode of acquisition in women and therefore issues 
surrounding the management of HIV/AIDS during pregnancy 
have become increasingly important. 

In addition to an increased rate of viral and bacterial 
infections of the upper and lower airway, AIDS patients with a 
CD4 count <200 are susceptible to infection with P. jiroveci. 
Limited review of pregnant patients with P. jiroveci pneumonia 
during pregnancy suggests that mortality is higher in this 
group (50%) than in nonpregnant subjects and that risk is 
higher in the second and third trimesters of gestation (80). 
However, only a small number of cases have been reported in 
the literature and the women reported were almost all unaware 
of their HIV/AIDS status at the time of pneumonia diagnosis. 
Therefore, they were not receiving prophylaxis against this 
infection. Trimethoprim—sulfamethoxazole prophylaxis 
should be initiated using the same guidelines as for non- 
pregnant women (CD4 count less than 200). Generally, 
pentamidine should be used during the first trimester rather 
than trimethoprim-—sulfamethoxazole. While the fetus is most 
susceptible to drug teratogenicity during the first 10 weeks of 
gestation, if the mother’s health is poor, the benefit of therapy 
during this early gestational period likely outweighs the risk to 
the fetus (81-85). For active P. jiroveci infection at any time 
during pregnancy, trimethoprim—sulfamethoxazole remains 
the standard of care and steroid therapy should be considered 
in severe cases (80). 


MISCELLANEOUS DISORDERS 

Pulmonary Edema 

Cardiogenic pulmonary edema is uncommon during preg- 
nancy, but can occur late in pregnancy and early postpartum, 
usually due to heart disease, valvular problems such as mitral 
stenosis, or idiopathic cardiomyopathy. Patients complain of 
dyspnea and chest tightness, and may have bilateral infiltrates 
on chest radiograph. Therapy is similar to nonpregnant 
patients and includes diuresis and oxygen. However, 
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non-invasive positive pressure ventilation via mask is best not 
used due to the increased incidence of aspiration (86). 

Non-cardiogenic pulmonary edema occurs in women 
receiving beta sympathomimetic agents for tocolysis. Usually, 
this condition occurs during administration of the drug, but 
can occur within 24 hours after discontinuation. Women 
complain of dyspnea and chest tightness, and rales may be 
present, as well as bilateral alveolar infiltrates on chest 
radiograph. Therapy is supportive with discontinuation of 
the beta agonist, oxygen, and diuresis. Resolution is expected 
within 24 hours (87). 


Pleural Effusion 

While there has been no specific study that identifies the 
disease processes causing pleural effusion in pregnancy, likely 
up to 25% of pregnant patients have small, asymptomatic 
pleural effusions visible on ultrasound. When pleural effusions 
are symptomatic, they cause dyspnea, cough, and possibly 
chest pain—if significant, there may be room air hypoxia due 
to shunting through underlying atelectatic lung. Symptomatic 
effusions in early pregnancy are either due to ovarian 
hyperstimulation syndrome or the same processes that cause 
effusions in nonpregnant patients: infection, cardiomyopathy, 
and PE. Neither pre-eclampsia nor the HELLP syndrome is 
associated with pleural effusion. Thoracentesis with drainage is 
indicated for diagnosis and/or the relief of symptoms due to a 
significant amount of pleural fluid. The small bilateral 
effusions described above that are asymptomatic generally 
are self-limiting and do not require intervention (88). 


Sleep Disorders 

Sleep-disordered breathing is prevalent in the general 
population and sleep disturbance is one of the most common 
complaints during pregnancy. However, there are limited 
data to elucidate the causes for sleep disturbance during 
pregnancy—difficulty lying in the supine position, nasal 
congestion, weight gain, and decreased time spent in rapid 
eye movement sleep have all been implicated (89,90). There 
is a suggestion that obese women who become pregnant have 
more sleep-disordered breathing, even in the first trimester, 
and this may be important if there is nighttime hypoxia that 
can affect the growth of the fetus. More work is needed in this 
area of sleep medicine (90). 


Aspiration 

Aspiration into the lung of stomach contents occurs most 
often during or immediately after labor. The combination 
of delayed gastric emptying, a relaxed lower esophageal 
sphincter, and increased intra-abdominal pressure with 
recumbency and sedation or analgesia increase the risk of 
vomiting and aspiration. Acutely, aspiration can lead to a 
chemical pneumonitis or bronchospasm, and aspiration of 
upper airway organisms such as anaerobes and strepto- 
cocci can ultimately lead to a bacterial pneumonia. 
Chemical pneumonitis, while hard to distinguish from 
pneumonia, generally has an acute onset with dyspnea, 
cough, and low-grade fever. Radiographs reveal multifocal 
infiltrates with basilar predominance and treatment is 
supportive. Bronchospasm can be indistinguishable from 
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asthma with dyspnea and wheezing and is treated with 
bronchodilators (91,92). 


Respiratory Failure and Mechanical Ventilation 
Respiratory failure, defined as a PaO, of <60mmHg or 
pCO.>50mmHg, is a rare complication of pregnancy. The 
patient in respiratory failure will be distressed, tachypneic, and 
with shallow breaths despite the use of accessory muscles. If 
supplemental oxygen by nasal cannula or face mask fails to 
keep the oxyhemoglobin saturation above 95% (required for 
adequate fetal oxygenation), intubation and mechanical 
ventilation should be considered (93). Oral intubation of the 
pregnant patient can be difficult, with the decreased functional 
residual capacity and increased oxygen consumption causing 
more rapid hypoxia and upper airway edema obscuring 
adequate visualization during direct laryngoscopy. Intubation 
should be performed by experts in airway management. While 
receiving treatment tailored to the cause of the respiratory 
failure, mechanical ventilation should be managed to maintain 
a pCO, in the 27 to 32 range, as this is the usual pCO, during 
pregnancy. Severe respiratory alkalosis (potentially causing 
decreased uterine blood flow), hypoxia, and acidosis should be 
avoided (93). 
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Pregnancy and childbirth are naturally occurring life events 
accompanied by momentous neuroendocrine and psychoso- 
cial changes. These transitions are often accompanied by 
changes in mood and psychological functioning, and these 
changes in turn may have an impact on the developing fetus 
and/or infant. 

One of the most unique aspects of perinatal medicine is its 
subject matter: it addresses the life and well-being of both 
the mother and her offspring. Likewise, perinatal psychiatry 
must address the suffering of the individual pregnant 
woman and her safety while being mindful of the significant 
potential effects of maternal mental illness on early child 
development (1,2). 

Pregnancy and childbirth has historically been described— 
incorrectly—as a time of well-being, calm, and inner peace for 
women. Elevated gonadotropin levels, the sense of fulfillment, 
and the responsibility of caring for the young were believed to 
confer protection from mental disorders (3,4). Carefully 
designed studies, however, found no such decrease in the 
incidence of perinatal mental disorders (5,6). The current 
empirically based position is that events in women’s 
reproductive cycles such as menstruation, pregnancy, child- 
birth, and menopause can be understood as biological (7) and 
psychological risk factors (8) for mood disorders. 

Psychiatric disorders in the obstetric setting are frequent, 
with up to 40% of women having an identifiable mental 
disorder, most commonly depression (9,10). In the first 
several months postpartum, there is an increased risk for 
psychiatric admission or outpatient contact (4,11,12). It 
appears that the perinatal period places a subset of women at 
increased risk, and the overall prevalence and impact of the 
perinatal psychiatric disorders, as well as the unique 
treatment considerations for this population, make these 
disorders a topic of great significance for perinatal health- 
care providers. This chapter provides a current overview of 
the most common psychiatric disorders during pregnancy 
and the postpartum period. 


MOOD DISORDERS IN PREGNANCY AND THE 
PUERPERIUM 

An occasional low mood is a normal reaction to the 
disappointments, setbacks, and losses inherent in everyday 
life. It is usually transient and not associated with significant 
functional impairment. A depressed mood, however, may be a 
part of a serious, potentially disabling disorder such as major 
depressive disorder (MDD), bipolar disorder (depressive 
episodes alternate with periods of abnormally elevated or 
irritable mood), or dysthymic disorder (characterized by low- 
grade, more persistent depressive mood that has been present 
for at least 2 years). Epidemiologic data from around the world 
show that MDD is twice as common in women as in men (13). 


Because low mood can be a normal experience, it is 
important for the clinician to be familiar with the diagnostic 
criteria for clinical depression. The Diagnostic and Statistical 
Manual of Mental Disorders (14) (DSM-IV) requires the 
presence of depressed mood or loss of interest and at least four 
of the following symptoms over the same 2-week period to 
diagnose major depression: weight loss or gain, insomnia or 
hypersomnia nearly every day, psychomotor agitation or 
retardation, fatigue or loss of energy, difficulties with 
concentration and memory, and guilt or suicidal thoughts. 

Despite the serious consequences, detection rates for 
perinatal depression remain low, with only a small proportion 
of depressed women identified by health professionals (10,15). 
Depression in pregnant and recently delivered women may be 
underdiagnosed because of the common presence of symp- 
toms that are also associated with normal perinatal changes, 
such as fatigue, insomnia, weight or appetite changes, and 
changes in libido (16,17). 

Ultimately, less than one-third of depressed perinatal 
women receive treatment (10,15). Financial issues and 
concerns about safety of medications during pregnancy may 
play a significant role (18). Often, women discontinue 
medication on their own once they become aware that they 
are pregnant (19). Relapse rates for those women who 
discontinue antidepressants during pregnancy are high, with 
higher relapse rates in women with depression for more than 
5 years, more than four episodes, and of younger age (20). 

Rates of treatment can be improved by accurately identify- 
ing women with perinatal depression. A self-report ques- 
tionnaire to screen for depression should be used with a 
standard interview in the obstetric setting to facilitate this (21). 
The Edinburgh Postnatal Depression Scale (22) is a commonly 
used screening measure, which is both sensitive and specific 
for perinatal depression. It focuses on psychologic symptoms, 
rather than the somatic symptoms associated with new 
parenthood, and has been validated for use in pregnancy 
(23). Additionally, it is brief (10 items) and is an easy-to-use 
score. 

The treatment and therapeutic responses for depression 
during pregnancy and the postpartum period are similar to 
those outside of the perinatal period (24). The treatments of 
choice are psychotherapy and antidepressant medications 
(25-29). 


DEPRESSION IN PREGNANCY 

The incidence of major and minor depression during 
pregnancy is approximately 10% (30), which is similar to 
the nonpregnant female population (5). However, it may be as 
high as 27.6% among women in poor urban communities 
(31). Risk factors for perinatal depression are similar to those 
for depression at other times and consist primarily of a 
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personal or family history of depression and poor social 
support, particularly from the partner (8,32). 

The risks of untreated depression during pregnancy are 
significant. Antenatal depression has been associated with an 
increased risk for pre-eclampsia (33), preterm delivery (34), 
and fetal growth retardation (35). Depressed pregnant women 
obtain less adequate prenatal care (36) and have more negative 
health behaviors (e.g., tobacco use) (37), both of which also 
negatively impact birth outcomes. 


POSTPARTUM MOOD DISORDERS 

The spectrum of postpartum mood disorders includes 
postpartum blues, postpartum depression (PPD), and post- 
partum psychosis. 


Postpartum Blues 

Postpartum blues is a transient experience characterized by 
insomnia, anxiety, mood lability, irritability, and tearfulness, 
occurring exclusively within the first 2 weeks after delivery. It 
occurs in up to 75% of postpartum women (38), making it so 
common that most practitioners believe that it should not be 
considered a disorder. It has a minor functional impact and 
usually resolves spontaneously. Management is limited to 
reassurance and support without medications. However, close 
follow-up is indicated; women experiencing severe blues 
symptoms are at higher risk to develop a postpartum 
depressive episode (39). 


PPD 

Prevalence estimates for PPD range from 6.8% to 13% 

(8,17,40-42) and up to 26% among adolescent mothers (43). 
Risk factors for PPD include the following: 


1. Personal or family history of depression (17,44). 

2. Presence of depression during pregnancy (45). 

3. Psychosocial factors such as marital conflict, being a 
single mother, lack of social/family support, the 
stress of caring for the infant (disrupted sleep and 
sleep deprivation), multiple births, complications 
during pregnancy (especially if necessitating pro- 
longed bed rest), and other stressful life events 
during the year preceding the birth (30,44,46). 


The onset of PPD occurs in up to 70% of patients within the 
first 3 months postpartum (41,47). The depressive episode 
may last from 3 months to 14 months (48), though women 
may have significant depression lasting much longer (49). The 
clinical picture of PPD is similar to that of major depression 
occurring in the nonpuerperal period (50,51). 

Unrecognized or untreated depression may impair function 
and adversely affect the new mother’s ability to care for her 
infant. Depression may also interfere with the new mother’s 
ability to respond optimally to the infant and consequently 
may have adverse effects on early child development (1,2,52). 
Women with PPD are also less likely to engage in positive and 
healthy parenting practices (53). 

Suicide and infanticide are the most serious complications 
of PPD. While approximately 15% of depressed individuals in 
the general population end their lives by suicide (54,55), 
having living children may offer some protection from suicide 
in the postpartum period (3). Women with perinatal 
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depression may nonetheless have thoughts of harming 
themselves or the infant (56) and the risk for suicide is a 
particular concern for these women (55). In the United 
Kingdom, suicide related to psychiatric disorder was found to 
be the leading cause of maternal death over the year following 
delivery (57). 

Risk factors for suicide include a history of depression, prior 
suicide attempts, psychosis, and several psychosocial risk 
factors such as living alone, lack of family or social support, 
and feelings of guilt and hopelessness. Obstetricians should be 
aware of the risk and ask women about suicide and self-harm, 
as well as infanticide, with such questions as “Have you been 
feeling like life is not worthwhile?,” “Have you had thoughts of 
harming yourself (or your baby), wanting to die or wanting to 
end your life?,” “Have you thought about how you might harm 
yourself (or your baby) or end your life?,” and “How likely is it 
that you might actually do something like that?” When suicidal 
or infanticidal ideation is present, emergency psychiatric 
consultation is warranted. 

The pathogenesis of PPD remains undetermined. The belief 
that hormonal factors are the greatest contributors to PPD 
persists even though the empirical support that serum levels of 
gonadal hormones account for postpartum mood symptoms is 
equivocal at best (7). Likewise, there has not been clear 
evidence to support the hypothesis that a rapid decline of 
gonadal hormones and cortisol and/or the effect of their 
withdrawal on neurotransmitter activity trigger PPD 
(46,58,59). 

There is, however, some recent research that suggests that 
there may be a subset of women who are susceptible to the 
abrupt hormonal withdrawal in the postpartum (60,61). 
Epidemiologic data demonstrating a high degree of overlap 
between the diagnosis of premenstrual dysphoric disorder and 
PPD have supported this theory (62,63). Several investigators 
have suggested that serotonin dysregulation in particular 
might play in PPD due to its role in depression at other times 
and its interaction with gonadal steroids (especially estradiol) 
(17,64-66). To date, treatment with selective serotonin 
reuptake inhibitors (SSRIs) have mixed results in preventing 
the onset of PPD (67). There are small amount of data 
suggesting prophylactic effects (58) and possible treatment 
benefit in PPD patients being treated with estradiol (68,69). 


Postpartum Psychosis 

The incidence of postpartum psychosis is 0.1% to 0.2% or 1 to 
2per 1000 births (70). In most cases, the onset occurs during 
the first 2 weeks postpartum. It is frequently heralded by one 
to two nights of insomnia and irritability (7). The most 
characteristic clinical presentation consists of confusion and 
delirium-like psychosis with disorganized behavior, mood 
lability, and hallucinations and delusions that are often 
focused on childbirth themes. While infanticide is quite rare, 
women with postpartum psychosis are more likely to 
experience thoughts of harming their infants than women 
with nonpsychotic PPD and are at risk for neglecting their 
infant (71,72). 

Differential diagnoses for postpartum psychosis include 
bipolar disorder presenting as a manic episode, schizoaffective 
disorder, and major depression with psychotic features. The 
cognitive disturbance associated with postpartum psychosis 
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also makes thorough evaluation for delirium essential, with 
possible causes including cerebrovascular incidents (e.g., due 
to eclampsia), medications used in delivery, and metabolic or 
infectious etiologies (73). Research data suggest, however, that 
postpartum psychosis is most often a manifestation of bipolar 
disorder (74,75). 

A personal or family history of postpartum psychosis as well 
as bipolar disorder (70,76) increases a woman’s risk. The risk 
of recurrence in subsequent pregnancies is estimated to be 
40% to 60% (77-79). 

In addition to postpartum psychosis, psychotic illnesses in 
the puerperium also include schizophrenia. The lifetime 
prevalence of schizophrenia is about 1.5% spread equally 
across both genders, and women with schizophrenia get 
pregnant and give birth. Given that its peak age of onset is 
between 15 and 35 years of age, it is of particular clinical 
importance during women’s reproductive years. However, the 
incidence of schizophrenia does not appear to be impacted by 
pregnancy and childbirth (70,80). 

Schizophrenia and other psychotic disorders manifest a 
variable course ranging from acute episodes to a protracted 
disturbance of thought and behavior with gradual decline. 
Clinical course and prognosis are significantly improved by the 
availability of family and social support and psychiatric care. 
Patients may show negative symptoms (such as apathy or flat 
affect), disorganization, eccentric thinking and behavior, or 
acute psychotic manifestations, such as hallucinations or 
delusions. These symptoms may have a devastating impact on 
the mother and fetus or infant; women with schizophrenia 
have increased rates of a number of adverse pregnancy 
outcomes (81,82) and are at risk for suicide and other self- 
destructive behaviors, as well as infanticide (83). 

As noted, any new-onset psychosis during pregnancy or the 
postpartum should be promptly evaluated for an identifiable 
medical (e.g., drug-induced psychosis, temporal lobe epilepsy, 
stroke, systemic lupus erythematosus, acute intermittent 
porphyria) or psychiatric (e.g., brief reactive psychosis, manic 
or depressive phase of bipolar disorder) cause. Treatment in 
the perinatal period includes control of the symptoms of 
disorganized thought and behavior through the administra- 
tion of the lowest effective dose of antipsychotic medication 
(preferably from the high potency subgroup, such as 
haloperidol) and addressing psychosocial needs. 


ANXIETY DISORDERS IN THE PERINATAL PERIOD 
The course of anxiety disorders in the perinatal period, 
including obsessive-compulsive disorder (OCD), posttrau- 
matic stress disorder (PTSD), panic disorder, and generalized 
anxiety disorder, is variable. The relationship between the 
perinatal period and both obsessive compulsive disorder and 
PTSD makes additional discussion of these important. 
Clinically, OCD presents with obsessions (intrusive 
thoughts or images) and/or compulsions (actions and rituals 
that the individual feels compelled to perform to reduce 
intense anxiety). Perinatal patients often report a fear of 
accidentally or intentionally harming the fetus or baby (84,85). 
The clinician should keep in mind that some patients may feel 
guilty because of their strange and frightening thoughts and 
may not report them spontaneously. It is helpful, therefore, for 
the clinician to inquire in a tactful and nonjudgmental way 
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whether the mother has any of these fears. These thoughts are 
not seen exclusively in OCD, as over 40% of women with PPD 
(86,87) and over 20% of new parents without a mental 
disorder (88) report these types of thoughts. 

The prevalence of OCD during the perinatal period ranges 
from 0.2% to 3.9% and may be more common in the 
postpartum (89). Some women may be asymptomatic during 
one pregnancy, yet develop OCD in subsequent pregnancies 
(90). Pregnancy is believed to be a potential trigger for the 
onset of OCD (91) and the postpartum is considered to be a 
period for worsening of OCD (92). The onset of OCD may in 
fact be neurohormonally modulated. The possible role of 
estrogen, progesterone, oxytocin, and the serotonergic system 
has been investigated (93,94), but none of these hormones has 
been definitively linked to perinatal OCD. 

PTSD develops subsequent to exposure to a traumatic event 
involving actual or threatened death or serious injury or a 
threat to the physical integrity of self or others. The response to 
the perceived threat is usually fear, helplessness, or horror. A 
typical triad of symptoms include reexperiencing of the event 
(e.g., nightmares, flashbacks), avoidance of stimuli associated 
with the event, and signs of hyperarousal such as insomnia or 
irritability (14). The prevalence of PTSD symptoms in 
perinatal women varies widely (0—7.7%) (95,96), with PTSD 
being most prevalent in a group of economically disadvan- 
taged pregnant women. 

In contrast to OCD, it is the events associated with the 
perinatal period rather than the hormonal changes associated 
with pregnancy and childbirth that are speculated to act as 
triggers for the development or exacerbation of PTSD 
symptoms. For example, deliveries that women appraise as 
traumatic, particularly those involving difficulties with pain 
control, powerlessness, or lack of control, are associated with 
PTSD (89). For women with a history of sexual abuse, 
procedures such as internal examination and delivery may 
trigger memories of the abuse (95,97). 

Untreated anxiety disorders have been associated with 
negative outcomes such as preterm delivery (98). Anxiety in 
pregnancy, like perinatal depression, may have adverse effects 
on the emotional and behavioral well-being of children (99). 
More research is needed in this area as it is increasingly 
recognized that untreated anxiety and depression are likely to 
have a deleterious effect on fetal development. 

Women with a history of anxiety disorders who plan to 
conceive should be informed of the variable course and the 
potential treatments. Treatment options for anxiety include 
psychotherapy and medication. Anxiety disorders are fre- 
quently associated with interpersonal difficulties such as fears 
of expressing anger, isolation, and excessive concern of being 
judged by others. Psychotherapy may be effective for both the 
anxiety and the interpersonal difficulties these patients have. 

Medication may be necessary if symptoms interfere 
significantly with daily functions and/or psychotherapy is 
not accessible. As with other mental disorders, the use of 
medication should be assessed within a framework that 
balances the risks associated with nontreatment of the illness 
and the contextual and clinical factors that impact the 
woman’s preferences, including her ability to access treatment, 
the risks to her personally from the illness, and the risks to the 
fetus or breast-feeding infant (100,101). 
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SSRI antidepressants, or the tricyclic antidepressants 
(TCAs), such as nortriptyline, may be helpful. Benzodiaze- 
pines have a role in the treatment of anxiety in the general 
population, but use of antidepressants is preferred in the 
perinatal period because they have better safety profiles in 
pregnancy and lactation (102). 


TREATMENT: PSYCHOTHERAPY AND MEDICATIONS 
Depression during pregnancy, PPD, and psychosis are 
potentially severe and disabling. Untreated, they may carry a 
significant risk to both the mother and to her offspring. The 
clinician needs to carefully weigh both the maternal benefits 
from the medications and the potential fetal risks 
(26,29,100,103). Medications during the first trimester, 
pregnancy, or the postpartum might be avoided if the 
depression is not severe and psychotherapy could be under- 
taken (26,27). This decision should be made in partnership 
with the patient. Again, careful assessment of the patient’s 
experiences and clinical history, as well as the acceptability and 
accessibility of treatments is essential (18,100,101). 

Psychotherapy can be an effective option for some women 
with perinatal depression. For women with milder symptoms 
who prefer psychosocial treatment, it should be considered 
first line. Psychologic treatments like interpersonal psy- 
chotherapy (IPT) are efficacious for antenatal depression 
(104). At present, there are not efficacy studies demonstrating 
the benefit of cognitive behavioral therapy (CBT) for antenatal 
depression. For postpartum women with milder symptoms, 
various psychosocial treatments delivered by nonmental 
health or mental health professionals have been shown to 
improve depressive symptoms (27). For more severe depres- 
sion, benefit has only been shown in studies with well-defined 
treatments, such as IPT or CBT, delivered by highly trained 
professionals (27). 

Psychotropic medication will be the first treatment choice 
for many women, particularly those with more severe illness 
or for whom other treatments are inaccessible. All psycho- 
tropic medications cross the placenta and their potential 
effects on the developing fetus must be considered (29). 
Three areas of potential impact of medications given during 
pregnancy are teratogenicity, if the medication is adminis- 
tered during the period of organogenesis; neonatal toxicity or 
withdrawal if the medication is given close to the time of 
birth; and later behavioral sequelae (103). There are few 
longitudinal studies examining behavioral changes in chil- 
dren exposed to antidepressants or depression during 
pregnancy (105), so subsequent discussion is focused on 
teratogenicity and withdrawal effects. 


Antidepressants 
TCAs have been available in the United States since 1963. 
Extensive cumulative experience has revealed no increased risk 
of major congenital malformations with their use in the first 
trimester (17,106). Use of TCAs in pregnancy has been 
associated with perinatal complications such as jitteriness and 
irritability in the newborn (103,107). Most investigators 
recommend the use of the secondary amine TCAs (e.g., 
nortriptyline) over the tertiary amines (amitriptyline). 

While the SSRI antidepressants have been used for a 
shorter period of time, they have significant advantages over 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


the TCAs and are undoubtedly the most commonly 
prescribed (108). They have a more benign side effect profile, 
lacking cardiac toxicity or anticholinergic side effects, and 
have a much better safety profile compared with the tricyclics 
in cases of overdose (109). 

The majority of studies have not found an increased rate of 
major malformations with the use of SSRIs in pregnancy (110- 
112). Some studies have demonstrated an increased, but small, 
risk of select anomalies (e.g., omphalocele, septal defects) with 
exposure to certain SSRIs (111-113). Concern has been raised 
about paroxetine, in particular, as two studies suggest that it 
confers an increased risk of cardiac defects with first-trimester 
exposure. The manufacturer subsequently changed product 
warning labels (114). Findings remain controversial (115), but 
at present, one should avoid initiating new treatment with 
paroxetine in women of childbearing age and consider fetal 
echocardiography in women exposed during early pregnancy. 
Third-trimester exposure to SSRIs has also been associated 
with a possible increased risk for persistent pulmonary 
hypertension of the newborn (116). 

Peripartum effects of exposure include an association 
between SSRIs and premature delivery and low birth weight 
(34), though most studies have been unable to control for the 
possible impact of depression itself on pregnancy outcome. 
Furthermore, the slight decrease in birth weight and gesta- 
tional age is not considered by most experts to be clinically 
significant. Both SSRIs and TCAs have been associated with 
symptoms secondary to discontinuation of medication ex- 
posure in the neonate (103,107,117). To minimize the risk of 
neonatal toxicity and withdrawal after delivery, the maternal 
dose of medication could be reduced during the 2 weeks prior 
to delivery (17). 

Given the risk for recurrence of depression, psychiatric 
follow-up and maintenance treatment is considered the 
standard of care for perinatal disorders (118). Overall, a 
reasonable therapeutic goal for treating depression during 
pregnancy or PPD is to control symptoms and to recover 
function at a minimum effective dose of medication (17). 
When making a decision to reduce or temporarily discontinue 
medication, a discussion of the potential for relapse during 
pregnancy or postpartum is essential. 

Other antidepressants are less commonly used, but may be 
encountered in perinatal women. The studies examining 
mirtazapine (119), bupropion (120,121), venlafaxine (122), 
trazodone, and nefazodone (123) do not suggest an increased 
risk of fetal anomalies. Monoamine oxidase inhibitors are 
generally not recommended for use in the perinatal period due 
to the lack of data and potential for hypertensive crisis (124). 

In the immediate time period surrounding delivery, several 
additional issues should be considered. First, hepatic im- 
maturity in the newborn may affect the metabolism of 
psychotropic medications, thus leading to potentially higher 
blood levels in the newborn (17). The infant’s pediatrician 
should be informed of maternal medications to prevent 
possible adverse drug interactions with other medications that 
may be prescribed for the infant. Second, women who are not 
symptomatic in pregnancy or the postpartum, but who have a 
history of depression, especially PPD, may benefit from a 
preventive intervention with psychotherapy or antidepressant 
medication, though research data are limited at this time. 
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A woman might elect to initiate prophylactic treatment 
approximately 48 hours after delivery with an SSRI or start a 
preventive counseling intervention spanning pregnancy and 
postpartum (67,125). 

All psychotropic medications are found in the breast milk at 
various concentrations. Infants’ absorption rates vary and 
significant drug levels are rarely detected in infants’ serum. 
These medications are not found in quantifiable amounts in 
breast milk and have not caused any adverse neonatal effect 
(126). In a pooled analysis, levels were particularly low for 
sertraline, paroxetine, and nortriptyline, making these med- 
ications preferred. Elevated infant levels occurred with 
fluoxetine and citalopram (127). 

There are case reports of adverse events with breast-feeding 
exposure to all types of antidepressants. Most reports involve 
fluoxetine (105), probably due to its long half-life and 
resultant increased blood levels, making it generally not 
recommended for use in nursing mothers (126). Few long- 
term studies exist and clear evidence of developmental 
problems has not been described in infants exposed to 
antidepressant medications in breast milk (128). Prescription 
of an antidepressant for a breast-feeding woman is a case- 
specific, risk—benefit decision (101). 


Mood Stabilizers 

The mainstay of treatment and prevention of recurrence of 
bipolar disorder, including that during the perinatal period, is 
a mood stabilizer such as lithium carbonate, valproic acid, 
carbamazepine, or lamotrigine (129). Women who discon- 
tinue mood stabilizer treatment in the perinatal period have 
high rates of relapse (130). During an acute depressive or 
manic episode, an antidepressant or an antipsychotic medica- 
tion may be necessary. Sleep hygiene in bipolar patients has 
been shown to be very important, and sleep deprivation itself 
may trigger relapse (131). 

The association of cardiac malformations with lithium 
exposure in the first trimester is widely documented by the 
Lithium Baby Register. The risks of major congenital 
anomalies, cardiovascular abnormalities, and Ebstein’s anom- 
aly in fetuses who were exposed to lithium during the first 
trimester have been reported as 8% (15/183) and 3%, 
respectively (132,133). The relative risk seems to be smaller 
than initially reported and is estimated to be 1.5 to 3.5. 
Women who are on lithium maintenance and contemplate 
pregnancy should have preconception counseling. 

Patients who have had a single episode of mood disorder 
could taper their lithium before conception and restart it if 
necessary after the first trimester. Lithium levels should be 
monitored closely during pregnancy. Current guidelines 
recommend taper 48 hours before delivery to avoid toxicity 
in the newborn (17) and restarting after delivery at 
prepregnancy dosing (134). 

Patients with bipolar disorder who have had multiple 
episodes run a high risk of relapse without the medication. The 
maternal risk from recurrence may outweigh the fetal risk 
from exposure to lithium (17,135). Lithium is generally 
considered to be contraindicated during breast-feeding 
because its concentration in breast milk is about 40% of 
maternal serum (136-140). Both valproic acid and carbama- 
zepine are considered compatible with breast-feeding 
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(17,140). Both should be avoided during pregnancy if possible 
because of their association with neural tube defects 
(17,141,142). An ultrasound examination of the fetal anatomy 
at 18 to 20 weeks is advisable. Lamotrigine may be another 
option for treatment during pregnancy and breast-feeding as it 
appears to have a more favorable safety profile than the other 
anticonvulsant mood stabilizers (143). 


Antipsychotics 

All antipsychotic medications (neuroleptics) cross the placenta 
and are secreted in breast milk. The atypical antipsychotics 
(clozapine, olanzapine, and risperidone) lack sufficient data 
with respect to potential teratogenic effects. Though they are 
increasingly used for psychosis and bipolar disorder due to 
improved medication tolerance and effectiveness in treating 
negative symptoms in schizophrenia, caution in use should be 
exercised. 

Typical antipsychotic drugs have a larger amount of 
reproductive safety data available, especially haloperidol. The 
high-potency antipsychotics (e.g., haloperidol) are preferable 
to the low-potency drugs. Several of the typical antipsychotics 
(chlorpromazine, haloperidol) have been previously pre- 
scribed during pregnancy for hyperemesis with safety data in 
pregnancy obtained in these studies (144,145). 


CONCLUSION 

Psychiatric disorders are very common during pregnancy and 
the postpartum, and have a great deal of morbidity for both 
mother and infant. Many women are not recognized as having 
a psychiatric disorder, leading to a strong recommendation 
that screening instruments be used routinely in all obstetric 
settings. Both medications and psychotherapy are effective 
treatments, and all decisions regarding treatment must be 
made with a careful risk—benefit analysis that enlists the 
woman collaboratively in her care. 
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INTRODUCTION 
Caring for pregnant women with renal disease is usually a 
difficult task for both the obstetrician and the nephrologist. 
These pregnancies are viewed as high risk, due to concerns of 
increased maternal and perinatal morbidity and mortality. It is 
estimated that at least 4% of the women in the childbearing 
age carry a diagnosis of chronic kidney disease (CKD) (1) of 
different etiologies: diabetic nephropathy, lupus nephritis, 
polycystic kidney disease, reflux nephropathy, or different 
forms of glomerulonephritis. Although the frequency of 
conception decreases as the impairment in kidney function 
progresses, with levels as low as 0.5% per year in dialysis 
patients (2), it is not unheard of patients on either 
hemodialysis or peritoneal dialysis (PD) to get pregnant. 
When end-stage renal disease patients get a kidney transplant, 
the return of fertility is usually the rule and caring for these 
pregnancies is even more challenging due to the continued 
need for immunosuppression, with its associated fetal risks for 
congenital anomalies, and small-for-gestational-age babies (2). 
This chapter is intended to provide information needed 
to take care of these patients, and will start by reviewing 
normal renal anatomy and physiology during pregnancy. The 
interplay between CKD, acute renal failure (ARF) or acute 
kidney injury, hypertension (HTN) and pregnancy will be 
further explored. 


RENAL ANATOMY AND PHYSIOLOGY DURING 
PREGNANCY 

There are marked changes in the renal hemodynamics and 
function during normal pregnancy, associated with significant 
anatomical changes such as increased renal size and dilatation 
of the collecting system. They occur in concert with multiple 
other physiologic alterations that take place during pregnancy, 
including significant expansion of the blood volume, increased 
cardiac output, and enhanced blood flow in several regions of 
the body (3) (Table 1). 

Blood volume can increase almost 50% in a normal 
pregnancy, compared with the nonpregnant state. This 
represents roughly 1500 mL increase, of which about 500 mL 
is in red blood cell volume. Volume expansion starts in the 
first trimester, but is more marked in the second trimester and 
the rise is much less in late pregnancy. It is believed to be 
caused by the increased metabolic demands of the enlarged 
uterus with its increased vascularity, placenta and fetus, the 
need to protect the fetus against the harmful effects of 
decreased venous return when in supine and upright position, 
and the need to protect the mother against blood loss during 
delivery (3). Aldosterone levels are elevated, but it is not 
known whether this contributes to hypervolemia. It is 
accompanied by vasodilatation, especially in the pelvis. 
There are no clinical signs of volume overload in a normal 


pregnancy (3). Expansion of the blood volume may be greater 
in multiple gestations or smaller in pre-eclampsia (4). 

Other cardiovascular changes include increase in cardiac output 
and significant decrease in systemic vascular resistance with 
resultant decrease in blood pressure in normal pregnancy (4). 


Dilatation of the Collecting System 

Dilatation of the collecting system seems to be the result of a 
combined progesterone-induced ureteral smooth muscle 
relaxation and compression of the ureter by the enlarged 
uterus and iliac vessels. A pelvicaliceal diameter of up to 2 cm 
is usually allowed as “physiologic hydronephrosis” of preg- 
nancy. Hydronephrosis is most commonly seen on the right, 
due to anatomical reasons (5,6). By ultrasound criteria, 
hydronephrosis is defined as at least 5mm (5) dilatation of 
the calyceal diameter. This dilatation of the urinary collecting 
system starts developing during the second trimester, is seen 
only above the linea terminalis, and resolves in few weeks after 
delivery (6). Symptomatic hydronephrosis is not a frequent 
event, occurring in about 0.2% to 3% of pregnant women (7), 
but those who are symptomatic frequently have associated 
urinary tract infections (6). 

The dilated collecting system can retain some of the urine 
meant to be saved for the twenty-four hour urine collections. 
As a result, creatinine clearance may be underestimated, un- 
less the collection is done carefully and the patient is volume 
repleted before the test. If in the last few hours of the collection 
the patient is maintained in the left lateral recumbent position, 
the chances of obtaining a full collection are also increased. 


Increase in Renal Volume 

During pregnancy, the kidneys increase in volume, probably 
due to increase in blood flow and interstitial volume. A study 
of humans that excluded dilatation of the renal pelvicaliceal 
system demonstrated that renal volume can increase by 30% in 
normal pregnancy (8). 


GFR 
Renal hemodynamics undergo significant changes: renal 
plasma flow (RPF) increases by 50% to 80%, while GFR 
increases by 50% (9). Systemic and renal hemodynamics 
adaptations occur early in pregnancy, before complete 
placentation takes place, demonstrating that they are depen- 
dent mainly on maternal factors for their development (10). 
They are also present in pseudopregnancy, a condition where 
the fetoplacental unit is absent (11), and different studies have 
suggested roles for relaxin, an ovarian hormone, and also for 
nitric oxide synthase, prostaglandins, and endothelin (9). 
The physiologic increase in GFR is the result of expansion 
in the renal plasma blood flow, associated with characteristic 
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renal vasodilatation resulting from both afferent and efferent 
arteriolar relaxation (11). The parallel reduction in preglo- 
merular (afferent) and postglomerular (efferent) arteriolar 
resistance explains why single nephron GFR increases 
without an increase in the glomerular capillary pressure (11), 
which is an important phenomenon, and explains 
further why normal pregnancy is not followed by loss of 
kidney function. This last aspect was demonstrated in animal 
studies on rats (12), where it was shown that repetitive 
pregnancies were not associated with increased risk of 
deterioration of kidney function. Rats provide a good animal 
model to study this particular problem since they have a 
gestation of only 22 days. After six repetitive pregnancies, 


Table 1 Physiologic and Anatomic Changes in Normal 


Pregnancy 


Blood volume 

Cardiac output 

Net sodium retention 

Systemic vascular resistance 

Systemic blood pressure 
Systolic 
Diastolic 

RPF 

GFR 

Glomerular capillary pressure 

Serum osmolality 

Urine concentration and 
dilution 

Proteinuria 

Glucosuria 


Serum creatinine, uric acid, 
BUN 

Serum cystatin C 

Acid—base 


Kidney volume 
Urinary collecting system 


Increased 50% (1500 cc) 
Mild increase 
900 mmol 
Decreased 
Decreased 

15 mmHg 

10 mmHg 
Increased 50-80% 
Increased 50% 
Unchanged 
Decreased 10 mmOsm 
No change 


200-300 mg/day 

Present in the absence of 
diabetes 

Decreased 


Increased 

Compensated respiratory 
alkalosis 

Increased 30% 

Dilated 


Abbreviations: RPF, renal plasma flow; GFR, glomerular filtration rate; 


BUN, blood urea nitrogen. 


Percentage increase 
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the study rats had no renal changes compared with never- 
pregnant controls (12). 

GFR increases to a maximum of about 50% by mid- 
pregnancy (13), remains elevated during the pregnancy, and 
returns to baseline values 3 months after delivery (1), while 
RPF starts to fall toward the end of pregnancy (13) (Fig. 1). 
The increase in GFR is not accompanied by an increase in the 
production of urea and creatinine: their serum concentration 
will decrease in pregnancy. Serum creatinine concentration 
falls by about 0.4 mg/dL, so the normal pregnancy range is 0.4 
to 0.8 mg/dL (14). 

Estimation of GFR using the modification of diet in renal 
disease (MDRD) formula has been recently evaluated in 
pregnant women. In a study that looked at three groups of 
pregnant women—healthy pregnant volunteers, women with 
pre-eclampsia, and pregnant women with previously known 
CKD—the MDRD formula significantly underestimated 
kidney function although performed better in pre-eclampsia 
and CKD group (15). Alper et al. found that the MDRD for- 
mula, along with the Cockcroft-Gault formula, was inaccurate 
in predicting GFR in pre-eclamptic patients (16). 

Cystatin C is a low—molecular weight (MW) protein, which 
has been recently studied in the general population in an 
attempt to find a better endogenous marker that could be used 
for more accurate estimation of GFR (17). Studies have found 
that while serum creatinine levels decrease in pregnancy, 
cystatin C levels were higher for pregnant women as compared 
with healthy nonpregnant women (18) and also significantly 
higher in twin as compared with singleton pregnancies (18). 
Cystatin C levels increase during pregnancy in relationship to 
gestational age, being highest in the third trimester (19). Its 
actual role in pregnancy is very interesting, as cystatin C is a 
member of the cystatin superfamily of cysteine protease 
inhibitors. Proteinases and their inhibitors regulate the 
trophoblast invasion, and the serum concentration of cystatin C 
has been found in several studies to be increased not only 
in late pregnancy but also in pre-eclampsia (18-20). Based on 
the available data, it is unlikely that cystatin C will have any 
utility in monitoring kidney function in pregnancy but might 
prove useful in the early detection of patients who will develop 
pre-eclampsia (21). 


—— GFR 
—=— RPF 


Non-pregnant 


20 weeks 


26 weeks 36 weeks 


Figure 1 Renal hemodynamics during normal pregnancy. Source: From Ref. 13. Abbreviations: GFR, glomerular filtration rate; RPF, renal plasma flow. 


RENAL DISEASES IN PREGNANCY 


Renal Tubular Function in Pregnancy 

Uric Acid 

Uric acid after being freely filtered at the glomerular level is 
extensively reabsorbed, mainly in the proximal tubule, so that 
only 10% of the filtered load is excreted (13). Plasma 
concentration decreases early on in pregnancy by at least 
25%, largely due to the significant rise in GFR, but also due to 
decrease in tubular reabsorption (13). In late pregnancy, the 
fractional excretion of uric acid decreases and the plasma levels 
trend toward nonpregnant levels (13). 


Glucose 

The presence of glucose in the urine may rather be a sign 
of tubular dysfunction than diabetes mellitus. Proximal and 
distal tubules have a decreased capacity to reabsorb filtered 
glucose due to an unknown mechanism. The increase in GFR 
causes an increase in filtered load of glucose on one hand. 
On the other hand, the increase in plasma volume may 
inhibit the tubular reabsorption of sodium and hence 
glucose (13). 


Sodium 

There is a gradual retention of sodium during pregnancy, 
reaching 900 mmol, due to a positive sodium balance and an 
increase in tubular reabsorption of sodium (22). 


Water Metabolism 

Although the kidneys’ abilities to maximally dilute and 
concentrate urine are intact, the serum sodium concentration 
and serum osmolality concentration are about 5 mEq/L and 
10 mOsm/kg, respectively, lower throughout most of gesta- 
tion than in the nonpregnant state. This is mainly due to 
a decrease in osmotic threshold for thirst and arginine 
vasopressin (AVP) release (23). In addition, a transient 
increase in AVP clearance during mid-gestation may prod- 
uce a diuresis, the so-called transient diabetes insipidus of 
pregnancy. 


Proteins 

Proteins present in the urine are a combination of plasma 
proteins that are normally filtered at the glomerular capillary 
level, and escape reabsorption in the proximal tubule, and 
proteins produced by the urogenital tract: 40% are represented 
by albumin, 15% to 20% are immunoglobulins, and 55% to 
60% is Tamm-—Horsfall glycoprotein, the latter being of 
tubular origin (24). 

Albumin, MW 69,000 daltons (D), is a plasma protein 
usually filtered to a limited degree due to its MW and 
anionic charge. Below MW 60,000 D, there is a progressive 
increase in filtration at the glomerular level so that in 
healthy, nonpregnant subjects, low-MW proteins and only 
small amounts of albumin are normally filtered, then 
almost entirely reabsorbed and catabolized in the proximal 
tubule. 

Normal urinary protein excretion averages 20 to 80 mg/day 
in normal nonpregnant women, with an accepted upper limit 
of normal of 150 mg/day. Albuminuria is considered to be a 
more sensitive marker for glomerular damage and CKDs than 
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total proteinuria (25), and the upper limit of normal for daily 
albuminuria is considered to be 30 mg (26). 

In pregnancy, proteinuria is considered to be abnormal if 
exceeds 300 mg/day (27). Studies that have looked at 
proteinuria and albuminuria in normal pregnancy have 
found a maximum total daily urinary protein excretion of 
260 mg/day (28), or even a little lower, at 200 mg/day (29), 
with an absolute amount of albumin, which does not seem to 
be higher than that in normal, nonpregnant state (30). Higby 
(28) found that total daily albumin excretion in normal 
pregnancy was 29 mg and Beetham (30) showed that there is a 
tendency for albuminuria to increase as the normal pregnancy 
progresses, being significantly higher in the third trimester 
compared with the first, but the absolute amount will remain 
less than 30 mg/day. The available evidence suggests that the 
diminished tubular reabsorption of low-MW proteins play a 
significant role for the increase in proteinuria during normal 
pregnancy (30,31). 

The gold standard for total protein quantification is the 
24-hour urine collection with its well-known limitations: can 
be inaccurate due to undercollection, is cumbersome for the 
patient, and the results are delayed pending collection. 
Screening for proteinuria using the dipstick (most sensitive 
to albumin) is fast and convenient in the clinic, where a 
random urine sample can be used. Unfortunately, the accuracy 
of the dipstick urinalysis in predicting significant proteinuria 
is poor (32), but the use of a protein to creatinine ratio in a 
spot urine seems to be a practical and reasonable choice (14). 


Acid-Base Regulation 

Plasma bicarbonate decreases during pregnancy, ranging from 
18 to 22mEq/L. It is believed that progesterone-induced 
hyperventilation occurs during pregnancy, leading to respira- 
tory alkalosis with decrease in PCO) close to 27 mmHg and 
increase in pH to about 7.44. There is no apparent defect in 
renal handling of acid (33). 


PREGNANCY IN WOMEN WITH CKD 

The influence of pregnancy on the course of renal disease and 
the effect of renal disease on the outcome of pregnancy are 
important concerns in treating and advising patients with 
renal disease. The available published data on pregnancy in 
women with CKD have limitations due to small sample size, 
single-center and retrospective studies, using varied defini- 
tions of kidney disease, and adverse maternal and fetal out- 
comes (1,14,34). Given the low prevalence of CKD in women 
of childbearing age and difficulties related to randomization, 
it is easy to understand the complexity of conducting good 
quality trials in this population. In spite of these imperfec- 
tions, factors that have consistently emerged, and are widely 
agreed upon, as important in influencing both maternal and 
fetal outcomes are advanced CKD, preexistent HTN, and 
proteinuria. Pregnant women who have normal or only 
mildly impaired kidney function, normal blood pressure, 
and little or no proteinuria before conception are expected 
to have an uneventful pregnancy, without maternal comp- 
lications (worsening kidney function, HTN, and pre- 
eclampsia) and without fetal complications (prematurity, 
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small-for-gestational-age, fetal loss, etc.). On the other hand, 
those who have significantly impaired kidney function and/or 
HTN and proteinuria before conception are at increased risk 
for maternal and fetal complications. With respect to the type of 
the renal disease, the current consensus is that in primary 
nephropathies (IgA nephropathy, focal and segmental glomer- 
ulosclerosis, membranous glomerulonephritis, etc.), the above- 
mentioned factors dictate the maternal and fetal outcomes 
irrespective of the type of the disease; in systemic diseases with 
renal involvement such as diabetes mellitus (DM) and systemic 
lupus erythematosus (SLE), there are additional disease- 
specific features that will affect prognosis (1,14,34). 


Effects of Pregnancy on Kidney Disease 

In a study (35) involving CKD patients with serum creatinine 
levels lower than 1.4 mg/dL, it was shown that GFR, creatinine 
clearance, and effective RPF increase during gestation, similar 
to the response observed in women without underlying renal 
disease. It is then expected to see a decline in serum creatinine 
levels in these patients during pregnancy and a return to 
baseline values after delivery. Women with more advanced 
renal dysfunction will not always have the physiologic increase 
in GFR seen in women without or only with mild renal 
insufficiency, and their pregnancies are more frequently 
complicated with worsening kidney function (2,11,36). A 
potential mechanism for inducing permanent kidney damage 
during pregnancy could be an increase in intraglomerular 
pressure, but animal studies (11) have showed that even in the 
presence of preexistent renal damage, pregnancy does not lead 
to glomerular HTN. 

Proteinuria usually increases during pregnancy, then 
declines after delivery (11). Among others, Katz et al. (35) 
analyzed 121 pregnancies in 89 women with previously known 
CKD. De novo or increased proteinuria was noted in almost 
50% of the pregnancies, and 60% of those who were 
proteinuric during pregnancy had regression of proteinuria 
at follow-up. 

When counseling patients regarding the effects of pregnancy 
on their kidney disease, prognosis is based, in general, on three 
categories of renal function, which have been described in the 
literature as mild, moderate, and severe (1). 


Mild Decrease in Kidney Function (Serum Creatinine Lower 
Than 1.4 mg/dL) Before Conception 
There is a general consensus that pregnancy usually does not 
modify the natural course of kidney disease in this setting. 
However, some patients with normal kidney function can 
have a temporary decline in renal function during preg- 
nancy (35,37). Rarely, there can be an unexpected and 
irreversible loss of kidney function during pregnancy 
(38,39), which usually happens in more aggressive histologic 
forms of glomerular and/or tubulointerstitial disease (34). 
Jungers et al. (37) have shown that in women with reflux 
nephropathy, pregnancy had no negative impact on their 
kidney disease if they had normal kidney function at 
conception. Multiple other authors report similar positive 
results of pregnancies in women with serum creatinine less 
than 1.4 mg/dL (35,40,41). 

The presence of HTN and proteinuria becomes major 
predictive factors for worsening kidney function in this clinical 
scenario. 
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Preexistent or untreated HTN has been found to be an 
independent risk factor for loss of renal function in few stu- 
dies (41,42). The role of proteinuria was convincingly 
demonstrated by Hemmelder (43) in a retrospective analysis 
of 30 pregnancies in 19 patients with primary glomerular 
disease and normal kidney function and blood pressure at 
conception. This group was compared with a control group of 
31 patients who did not become pregnant after the diagnosis of 
kidney disease. Patients were followed for 11 years, and at the 
end of follow-up, patients who became pregnant had higher 
serum creatinine levels than controls. Pregnancy and initial 
proteinuria were found to be independently related with the 
rate of loss of kidney function. Of the 30 pregnancies that were 
preceded and complicated with nephrotic-range proteinuria, 
10 were followed by an accelerated rate of loss of kidney 
function compared with the other 20 pregnancies. 

Jungers (41) also found that in patients with primary 
chronic glomerulonephritis and normal kidney function, 
proteinuria had a predictive role for the progression of kidney 
disease on pregnancy, although not as strong as HTN. 


Moderate Decrease in Kidney Function (Serum Creatinine 
1.4-1.8 mg/dL) 

Moderate decrease in kidney function (serum creatinine 1.4— 
1.8 mg/dL) is associated with a higher risk of further decline 
during pregnancy. In a retrospective review (37), 19% of the 
patients with moderate decline in kidney function had 
irreversible further loss of maternal renal function. Proteinuria 
and HTN are more frequent in this population and additive 
risk factors for further decline in renal function (1,44). 


Severe Decrease in Kidney Function (Serum Creatinine 
Greater Than 1.9 mg/dL) 

Severe decrease in kidney function (serum creatinine greater 
than 1.9 mg/dL) has been shown to be a higher risk factor for 
renal function loss during pregnancy. The landmark study by 
Jones and Hayslett (44), published in 1996, showed that the 
risk of accelerated progression to end-stage renal disease was 
the highest when the serum creatinine concentration was 
above 2 mg/dL at the beginning of the pregnancy. With an 
initial serum creatinine of at least 1.4 mg/dL in 67 women and 
82 pregnancies, they reported a pregnancy-related loss in renal 
function in 43% of the cases. The risk is even higher when 
uncontrolled HTN is present (34). 

The only prospective study that analyzed the outcomes of 
pregnancies in patients with serum creatinine levels greater 
than 1.4mg/dL (36) found an accelerated loss of kidney 
function only in the subgroup of patients with both estimated 
GFR <40 mL/min/1.73 m° and proteinuria >1 g/day before 
pregnancy. 

Women with serum creatinine levels >3 mg/dL are usually 
infertile (45) due to amenorrhea or anovulatory menstrual 
cycles. 

Based on the available information, women with CKD 
who contemplate to become pregnant should be advised 
about the possible risk of accelerated loss of kidney function 
if serum creatinine level is greater than 1.4mg/dL before 
pregnancy. Proteinuria exceeding 1 g/day portends a higher 
risk for accelerated loss of kidney function and, in some 
cases, even a twofold higher incidence of end-stage renal 
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disease (1). HTN control should be a major goal of 
pregnancy. Even if they are normotensive before pregnancy, 
these patients are at higher risk of becoming hypertensive 
during pregnancy (1,35). 

Pregnancy should probably be discouraged in patients with 
multiple risk factors: moderate to severe kidney disease, 
proteinuria, and HTN. 


Effect of Kidney Disease on Fetal Outcomes 

Mild Decrease in Kidney Function (Serum Creatinine 
Lower Than 1.4 mg/dL) Before Conception 

Katz (35) observed in a retrospective study that there were 
more fetal complications in patients with serum creatinine 
lower than 1.4mg/dL than in general population, but at 
acceptable levels. Ninety-four percent of the pregnancies 
resulted in live births. Abe (40) has also noted same positive 
results in women with GFR >70 mL/min and blood pressure 
less than 140/90 mmHg. In women with autosomal dominant 
polycystic kidney disease (42) and normal kidney function 
before conception (serum creatinine less than 1.2 mg/dL), 
preexistent HTN was the most important risk factor for the 
development of poor fetal outcomes, including prematurity 
and fetal loss. 

Munkhaugen (46) found in a very recent study that women 
with estimated GFR 60 to 89 mL/min/1.73 m? were not at 
increased risk of pre-eclampsia, small-for-gestational-age, or 
preterm delivery unless they were also hypertensive. 


Moderate and Severe Decrease in Kidney Function (Serum 
Creatinine >1.4 mg/dL) 

Moderate and severe decrease in kidney function (serum 
creatinine >1.4 mg/dL) translates in higher risk for fetal loss, 
prematurity, and small birth weight. Jones and Hayslett (44) 
reported moderately reduced fetal loss (93% survival rate), but 
significantly increased preterm delivery (59% compared with 
the expected rate of 10% in general population) and growth 
retardation (37% of infants were below the 10th percentile for 
birth weight). 

Abe (40) also found that in women with moderately 
decreased kidney function, the rate of live births was relatively 
high, except for cases where HTN was present before 
pregnancy and/or was not controlled during pregnancy. 

Imbasciati (36) found that in women with GFR <40 mL/min/ 
1.73m° and proteinuria >1 g/day, pregnancy was associated 
with poor fetal outcomes: increased perinatal death and low 
birth weight. 

Jungers (34) also found a high risk of fetal death when 
serum creatinine was 1.8 to 2.0mg/dL. HTN and nephrotic- 
range proteinuria, when present early in pregnancy, were 
found to be additive risk factors for poor fetal prognosis. 

In summary, when counseling women with CKD regarding 
fetal outcomes, the following recommendations could be 
made: 


e Fetal survival rate seems to higher than 90%, but 
decreases when uncontrolled HTN and/or protei- 
nuria are also present. 

e Preterm delivery and growth retardation are more 
commonly found in women with at least moderate 
impairment in kidney function. 
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e HTN and proteinuria are additional risk for poor 
outcomes in this category, too. 


MANAGEMENT 

Over the years, the benefits of progress in obstetrics in 
neonatal care, including improved access to medical care, 
improved technology for fetal surveillance and antihyperten- 
sive medications available to treat high blood pressure in 
pregnant women, have translated in improved maternal and 
fetal outcomes in pregnancies that occur in women afflicted 
with CKD and HTN (37,42). 

Pregnant women with CKD should be followed in 
collaboration with a nephrologist and with an obstetrician 
familiar with the effects of renal disease on pregnancy. Their 
prenatal visits should occur more frequently, ideally every 
2 weeks until the third trimester and then weekly. Maternal 
renal function should be followed very closely, at least at 
monthly intervals, and asymptomatic bacteriuria should be 
promptly treated. Likewise, fetal surveillance with ultrasound 
and fetal heart monitoring should be done very closely. 
Maternal HTN requires special attention and needs to be 
treated efficiently. Preterm delivery needs to be offered when 
maternal renal function deteriorated rapidly, if fetal distress 
occurs, or pre-eclampsia is severe. 


LUPUS NEPHRITIS 

It remains questionable whether pregnancy exacerbates lupus. 
Earlier studies suggest that pregnant women with SLE 
clinically flare their disease three times more frequently during 
pregnancy and seven times more frequently postpartum 
compared with nonpregnant controls (47). More recently, it 
became apparent that the incidence of a lupus flares during 
pregnancy is more likely correlated with the disease activity 
before conception. Hayslett (48) showed that exacerbations or 
relapse occur in a wide range of patients during pregnancy or 
in the immediate period after delivery, namely in 25% to 60% 
of pregnancies. Relapses or exacerbations occur only in one- 
third of the patients if they had no signs of clinical activity 
6 months before conception, as opposed to two-thirds of the 
patients when they had signs of clinical activity at onset of 
pregnancy. Activity of the disease also influenced fetal survival, 
which was 85% to 95% in patients with inactive disease and 
50% to 80% in patients with active disease at conception. The 
presence of circulating anticardiolipin antibodies and lupus 
anticoagulant factors appears to worsen the perinatal out- 
comes. Fetal loss rate increases from 25% to about 60%, and 
the risk of maternal thromboembolism increases to about 
50% (49,50). 

The risk of prematurity and pre-eclampsia is increased even 
if patients have stable, but established renal disease and 
controlled HTN in the 6 months prior to conception (51). The 
risk of pre-eclampsia is high especially if the women have a 
history of antiphospholipid syndrome (52). 

Flares cannot be prevented with routine increase in dose 
or prophylactic use of steroids, which are not recommended 
for this purpose either before pregnancy or after deli- 
very (53). Therefore, women with lupus nephritis should be 
encouraged to postpone pregnancy for at least 6 months after 
the last flare. 
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The diagnosis of a lupus flare in pregnancy is not always 
straightforward, and the most challenging scenario is to make 
a distinction between pre-eclampsia and lupus flare, as they 
can both present with HTN, proteinuria, thrombocytopenia, 
and kidney injury (53). A renal biopsy is rarely needed, 
because a rising anti-dsDNA titer, and low complement levels 
are in favor of lupus flare, as opposed to hyperuricemia 
and abnormal liver function tests that favor pre-eclampsia. 
Flares are more common in women who had more than three 
flares before pregnancy, and the type of flare follows the 
previous known pattern of disease specific to the individual 
patient (51,53). 

In pregnant women with active lupus nephritis, the 
maternal and perinatal outcomes are improved if a remission 
is achieved. Corticosteroids are the drugs of choice (51,53), 
given either as an increased oral form or intravenous 
methylprednisolone 500mg daily for 3 days. Azathioprine 
can be used safely in pregnancy and during lactation (51,53). 
Hydroxychloroquine, often used to prevent flares, seems to be 
safe for use in pregnancy and should not be stopped in early 
pregnancy (51-53). Antiphospholipid-positive patients should 
be started on at least low-dose heparin to prevent thrombosis (52). 
The use of low-dose aspirin has been advocated for prevention 
of pre-eclampsia in patients at risk. 


DIABETIC NEPHROPATHY 

About 5% of pregnant women with type 1 DM can have 
diabetic nephropathy (54). Fortunately, most of them have 
preserved kidney function and the progression of their diabetic 
nephropathy does not seem to be affected by pregnancy in this 
situation. As is true with all patients with moderate to severe 
CKD, diabetic patients also will have higher risk of irreversible 
deterioration of kidney function during pregnancy, which has 
been estimated in some series to be as high as 40% (55); the 
risk of HTN and pre-eclampsia are also increased in diabetics. 
Proteinuria increases during pregnancy, an effect that could 
also be attributed to the cessation of ACE inhibition therapy 
due to potential teratogenic effects (54). 

Women with diabetic nephropathy often have diabetic 
retinopathy, which should not go untreated during pregnancy. 
Diabetic retinopathy can progress during pregnancy and laser 
treatments are sometimes needed to prevent vision loss (54). 

Perinatal outcomes are generally good with tight glycemic 
and blood pressure control. 

Perinatal survival exceeds 95% (56,57), but there is a high 
risk of preterm delivery (50%) and small babies (15%) (56, 
58-60). There is concern that prematurity can predispose the 
infants of diabetic mothers to long-term morbidity: severe 
psychomotor retardation and mild developmental retardation 
have been described in this setting (61). 


ARF 

The definition of ARF in pregnancy varies across studies. ARF 
has been defined as a creatinine level above 0.8 mg/dL, >25% 
decrement in GFR over the level documented before the 
beginning of pregnancy, or the need for dialysis (62—64). Since 
the 1960s, there has been a consistent decrease in the incidence 
of the ARF in pregnancy, which has been attributed to a steady 
decrease in the septic abortions in most developed countries 
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due to legalization of abortions and due to better access to 
care (63,64). The incidence of ARF in pregnancy has decreased 
from 20% to 40% in the 1960s to 2% to 10% in the 1980s (63). 

Despite the decreased incidence, the development of ARF in 
pregnancy remains associated with significant morbidity and 
mortality. 

ARF in pregnancy can be induced by any of the disorders 
leading to renal failure in the nonpregnant women: volume 
depletion, nephrotoxins, obstruction, interstitial nephritis, 
and so on. Pregnancy complications characteristic of each 
trimester can result in ARF. It is believed that the most 
common cause of ARF in pregnancy is pregnancy-related 
HTN (62,64,65). 


Pre-eclampsia 

Pre-eclampsia is a disorder specific of pregnancy, complicates 
around 5% of all pregnancies (66), and is characterized by 
new-onset HTN and proteinuria in excess of 300 mg/day, 
usually after 20 weeks of gestation. Blood vessels throughout 
the body are affected, and recently identified antiangiogenic 
substances of placental origin seem to be the cause of the 
diffuse endothelial dysfunction. The characteristic glomerular 
lesion, “endotheliosis,” appears histologically as endothelial 
swelling and occlusion of the capillary lumens, and although it 
is a variant of thrombotic microangiopathy, intraglomerular 
thrombosis is unusual (66). ARF is rare, and only 1.5% to 2% 
of the pre-eclamptic patients will have impairment of the 
kidney function (62). Patients with pre-eclampsia have an 
overall decrease in GFR and RPF, but not significant enough to 
cause ARF (62,63). They also have vasoconstriction and 
intravascular volume depletion, this way being at increased 
risk for the development of ARF when another obstetrical 
complication like hemorrhage or abruptio placentae is present. 
Superimposed volume depletion in these clinical scenarios will 
commonly lead to acute tubular necrosis and in the most 
severe cases to cortical necrosis (63). Treatment of pre- 
eclampsia-related ARF requires delivery of the fetus and 
placenta (63). 


HELLP Syndrome 

HELLP (hemolysis, elevated liver enzymes, low platelets) 
syndrome occurs in 10% to 20% of the cases of severe pre- 
eclampsia (67). It has been reported that ARF can occur in 
7% to 36% of the cases (67). Renal biopsy studies most 
commonly reported acute tubular necrosis or acute cortical 
necrosis in more severe cases (68) same as in less severe pre- 
eclampsia. Associated thrombotic microangiopathy has also 
been described, but with acute tubular necrosis as the 
dominant lesion (69). 


Acute Fatty Liver of Pregnancy 

Acute fatty liver of pregnancy (AFLP) is not a common 
complication of pregnancy, but represents an obstetric 
emergency of the third trimester (70,71). The patients present 
with abdominal pain, nausea, vomiting, headache, malaise, 
anorexia, jaundice, and rarely with hepatic encephalopathy. 
The etiology could be related to a familial genetic defect in fatty 
acid metabolism (70). Up to 90% of the women with AFLP can 
develop ARF (70). Disseminated intravascular coagulopathy is 
usually present. Serum transaminases are generally not as 
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severely elevated as they are in hepatitis. Most patients with 
renal failure have evidence of decreased renal perfusion similar 
to hepatorenal syndrome or acute tubular necrosis. Treatment 
again involves delivery of the baby. 


Thrombotic Microangiopathies 

Thrombotic microangiopathies are thrombotic thrombocyto- 
penic purpura (TTP) and hemolytic-uremic syndrome (HUS), 
pathologies that are very rarely seen in pregnancy, occurring in 
less than 1 in 100,000 pregnancies (71). HUS was initially 
described as occurring in the postpartum period, between 
1 day and 3 months after delivery, but it has become clear that 
it can occur during pregnancy also (70). In patients with a 
severe form of familial deficiency of ADAMTS13, TTP can also 
present during pregnancy (72). ADAMTS13 is a metallopro- 
tease, which normally binds the von Willebrand factors 
secreted by the endothelial cells. When ADAMTS13 is 
deficient, abnormally large multimers of von Willebrand 
factors accumulate and trigger platelet adhesion and aggrega- 
tion inside the blood vessels with microthrombi forma- 
tion (72). Familial forms of HUS have been also described, 
with both autosomal dominant and recessive form of 
inheritance and pregnancy as an eliciting event. A functionally 
abnormal factor H protein could be the cause of HUS in the 
autosomal dominant transmitted familial cases (72,73). 
Normally functional factor H protects endothelial cells from 
the damaging effects of the activated complement (72). The 
primary pathologic disorder in both TTP and HUS will be 
systemic or intrarenal microvascular aggregation of platelets, 
causing microangiopathic hemolytic anemia. These changes 
will be manifested by decrease in hemoglobin and platelets, 
presence of fragmented red blood cells on the peripheral blood 
smear (schistocytes), increase in lactic dehydrogenase (LDH), 
and decrease in haptoglobin. Liver enzymes may be normal or 
elevated, and coagulation studies are frequently normal (71). 
The classic clinical pentad of TTP consists of thrombo- 
cytopenia, microangiopathic hemolytic anemia, neurologic 
abnormalities, fevers, and renal dysfunction. In HUS, renal 
failure is the predominant feature and sometimes it is difficult 
to make a clear distinction between the two entities (72). Renal 
involvement is associated with hematuria and proteinuria (71). 
Management involves plasma exchanges (plasmapheresis) 
until platelet counts and LDH levels normalize. Sometimes 
immunosuppressive therapy is required. Platelet transfusions 
should be discouraged, due to risk of microvascular throm- 
bosis. Maternal morbidity and mortality are high in pregnan- 
cies complicated with TTP/HUS (71). 


Obstructive Uropathy 

Obstructive uropathy is uncommon in pregnancy. “Physiolo- 
gic hydronephrosis” of pregnancy is an expected phenomen- 
on, present in 80% to 90% of the normal pregnancies (5,6). 
Right-sided hydronephrosis occurs more commonly than 
left-sided one. The diagnosis of pathologic urinary tract 
obstruction during pregnancy can be difficult and can be 
recognized in some cases by the normalization of renal 
function in the lateral recumbent position, which relieves 
pressure on the ureters by the uterus, and its recurrence when 
supine (6). In some cases, however, either insertion of a 
ureteral catheter or delivery of the fetus is required. 
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Renal Cortical Necrosis 

Renal cortical necrosis can be considered a severe form of 
ATN, often associated with disseminated coagulopathy and 
usually occurring in a setting of septic shock, septic abortion, 
or severe abruptio placentae. Bilateral renal cortical necrosis 
(BRCN) is estimated to occur in about 2% of the adult patients 
with ARF, but the incidence is the highest in obstetric patients, 
especially in the last part of pregnancy and postpartum (74). 
The risk of BRCN seems to be higher with prolonged anuria, 
usually longer than 2 weeks. Patients require dialysis and some 
will become dialysis dependent. Kidney biopsy provides the 
definitive diagnosis and prognostic information. Imaging 
techniques could be employed to show decreased cortical 
blood flow. CT angiogram or renal angiography shows 
decreased cortical nephrogram. 


DIALYSIS AND TRANSPLANTATION 

Multiple mechanisms that interfere with the hypothalamic— 
pituitary—ovarian axis cause marked decrease in fertility in 
young women with advanced CKD and those requiring 
dialysis (75). Recent publications report fertility rates ranging 
between 1% and 7%, which is much improved compared with 
older literature (76-78). These improved trends could be due 
to improved CKD management translated in increased dialysis 
population, better dialysis techniques, and improved care of 
the high-risk pregnancies. 

Pregnancy in dialysis patients remains a very challenging 
clinical situation, where even the diagnosis of pregnancy itself 
may be a difficult task. Serum markers like B- HCG may be 
falsely elevated in dialysis patients due to poor renal 
excretion, and ultrasound evaluation is needed to confirm 
and date the pregnancy (79). Spontaneous abortion remains 
common, occurring in 21% of pregnancies reaching second 
trimester (80). Overall, it has been reported that only 50% of 
the pregnancies result in surviving infants (77). Premature 
delivery is very common, occurring in 80% of pregnant 
dialysis women (77). Other common fetal complications 
include polyhydramnios and low birth weight (77,81,82). 
Maternal risks include acid—base abnormalities, HTN, 
volume overload, and pre-eclampsia. Due to these increased 
complication rates, most centers do recommend contra- 
ception in women of childbearing age on dialysis. When 
pregnancy does occur, it should be managed by a multi- 
disciplinary team comprising nephrologists, obstetricians, 
dialysis staff, and neonatologists. 

Although in most reported cases pregnant patients have 
been on hemodialysis, successful pregnancies have also been 
reported in PD (77,82-84). Whether one dialysis modality is 
superior to other in pregnant patients is unclear due to lack of 
randomized controlled studies. Feasibility of intensifying 
hemodialysis, limitations of PD volumes due to the gravid 
uterus, and prevalent practices among nephrologists may play 
a role in the choice of a particular renal replacement therapy 
over another. 

The precise details of the dialysis management in pregnant 
patients are beyond the scope of this textbook, but some of the 
principles suggested by experts in this field are enumerated in 
Table 2. 

Prolonged or intensive dialysis during pregnancy results in 
longer gestational periods, higher fetal birth weights, and 
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Table 2 Recommendations for Dialysis Management in a Pregnant Patient 


Treatment factor 


Frequency of treatments 


Recommendation 


Intensifying HD four to six times/wk after first trimester (goal >20 hr/wk) 


Increasing no. of PD dwells (8-12 L/day) 


Predialysis BUN 
Dialysate 


<45—50 mg/dL 


Bicarbonate—25 mEq/L 


Potassium 3—4 mEq/L (adjust based on HD frequency and serum values) 


Anemia 


Hgb target 10-11 g/dL 


May need increase in Erythropoietin dose 
Iron saturation >30%, use IV iron to maintain levels 


Folate 1 mg/day 
Blood pressure/hemodynamics 


No clear guidelines. Diastolic BPs below 80-90 


Avoid maternal volume depletion and hypotension during dialysis 


Avoid ACEI, ARBs 


Ultrafiltration goals to be adjusted as pregnancy progresses accommodating placental and 
fetal growth (approx. 11b/wk) 
Fetal monitoring during HD once fetus viable 


Abbreviations: HD, hemodialysis; BUN, blood urea nitrogen; PD, peritoneal dialysis; Hgb, hemoglobin; BP, blood pressure; ACEI, angiotensin-converting 
enzyme inhibitors; ARBs, angiotensin receptor blockers. Source: From Ref. 76,77,81-84. 


greater fetal survivability (76,77,80). Home hemodialysis and 
nocturnal hemodialysis are emerging modes of intensive HD 
that have shown to offer multiple clinical advantages in terms 
of HTN, volume status, and mineral metabolism. A retro- 
spective study from Canada prescribing nocturnal HD (>36 hr 
dialysis) for women in childbearing age group showed not only 
improved fertility rates (15%) but also more successful live 
births and fewer maternal—fetal complications (85). 

With successful kidney transplantation, fertility seems to be 
restored to near normal within a few months. The U.S. National 
Transplant Pregnancy Registry (NTPR) reported a total of 1208 
pregnancies in 781 kidney transplant recipients (86). Live births 
occurred in approx. 75% of the patients based on NTPR and the 
U.K. registry data (87,88). 

Despite improved outcomes following transplantation, a 
different set of complexities entail kidney transplant recipients 
who become pregnant. Impact of pregnancy on the kidney 
allograft, premature delivery, pre-eclampsia, and the long- 
term effects of immunosuppressive medications on the 
offspring remains some challenges in this group. Counseling 
about pregnancy should start in the pre-transplant period, 
continued following transplantation, and reliable contra- 
ception is recommended until patient is ready to embark on 
a planned pregnancy (89-91). The optimal timing of 
pregnancy after transplantation is considered to be 1 to 
2 years. Analyses of the NTPR data have suggested greater 
percentage of nonviable outcomes in female transplant 
recipients who became pregnant less than 6 months after 
transplantation (86). Several individual factors should be 
considered when offering advice for the timing of pregnancy 
including adequacy of allograft function (serum creatinine 
<1.5 mg/dL), recent episodes of acute rejection, and risk of 
opportunistic infections (86). 

These pregnancies should also be considered high risk and 
preferably managed by both transplant physicians and 
specialists in high-risk pregnancies. Major goals during 
pregnancy are to optimize maternal health, including allograft 
function, maintain a normal metabolic environment (normo- 
glycemia), minimize complications associated with preterm 
births, detect and manage hypertensive complications 


especially pre-eclampsia, and ensure adequate fetal growth. 
Pre-eclampsia occurs in approximately one-third of pregnant 
women with kidney transplant, and diagnosing it can be 
challenging as many transplant patients can have preexisting 
proteinuria and an increasing trend in blood pressures after 
20 weeks of gestation (92). 

Urinary tract infections are the most common complication 
in pregnancies following kidney transplantation probably due 
to an immunosuppressed state and the increased likelihood of 
reflux. Most investigators recommend screening in all 
pregnant women and treating any positive cultures (93). 

Rejection of the kidney allograft is unusual and the risk is 
considered to be no higher than in the nonpregnant transplant 
patients if pregnancy is properly planned (90). Anemia can 
frequently complicate pregnancy post-transplantation even in 
the absence of kidney function deterioration (90). Compared 
with normal pregnancies, transplant recipients have lower 
erythropoietin levels (94). 

The anatomic location of the allograft in the iliac fossa 
does not interfere with vaginal delivery and most transplant 
patients can deliver vaginally unless there are some obstetric 
indications (90). One of the challenges in pregnancies post- 
transplantation is the choice and dosing of immunosuppres- 
sive medications. Transplant recipients should be maintained 
on immunosuppressive medications during pregnancy 
with some modifications to avoid allograft rejection and 
consequently fetal loss (90). Cell counts, renal parameters, 
liver function tests, and drug levels should be frequently 
monitored to avoid significant toxicity. 

Most immunosuppressive medications are considered risky 
by the Food and Drug Administration; however, the U.S. registry 
data do not show any consistent pattern of congenital anomalies 
associated with the use of calcineurin inhibitors (cyclosporine 
and tacrolimus), azathioprine, or steroids (89). These are still 
considered as mainstay therapy for pregnant transplant patients 
by most centers given their relatively safer profile. Cyclosporine 
can be associated with low birth weight and also may exacerbate 
HTN during pregnancy (90). Tacrolimus has been associated 
with an increased incidence of DM and hyperkalemia in the 
newborns (95). Azathioprine has been shown to be teratogenic 
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in higher doses in animals; however, these effects were not 
reproduced in humans (96). Case reports have described fetal 
adrenal insufficiency and thymic hypoplasia when corticoster- 
oids are used in higher doses but these rarely occurred in doses of 
15 mg/day or less (97-99). 

Mycophenolate mofetil and sirolimus are contraindicated 
and should be stopped 6 to 12 weeks prior to conception due 
to risks of teratogenicity (86,100). 

Most transplant immunosuppressive medications are 
excreted in the breast milk although in small amounts and 
no adverse effects have been reported (86). Although recom- 
mendations are evolving in this area, most transplant centers 
currently advise against breast-feeding (101). 

In the absence of any guidelines for the management of 
pregnant dialysis patients and increased fetal complications, it 
may be prudent to advise effective contraception and delaying 
pregnancy until after transplantation. Improved outcomes 
have been reported in the transplant literature; however, the 
use of immunosuppressive medications adds another dimen- 
sion and makes pregnancies more difficult to deal with in the 
post-transplant period. 
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3O Acute abdomen in pregnancy 


Nicole Fearing and William L. Holcomb 


One of the most anxiety-provoking patients to deal with is the 
pregnant patient with acute abdominal pain. It is widely 
quoted that 1/500-635 pregnancies will be complicated by an 
acute abdomen requiring surgery. With two patients to think 
about, mother and child, and the complications that can go 
along with a delayed or missed diagnosis, it is no wonder it 
leads to anxiety for all involved. To deal with the complexities 
that go along with diagnosing an acute abdomen in a pregnant 
patient, one needs to understand not only the differential 
diagnosis but also the physiologic changes of pregnancy that 
will affect the evaluation and diagnosis. 


PHYSIOLOGIC CHANGES OF PREGNANCY 

Physical findings in the pregnant patient with an acute 
abdomen are different from that of the nonpregnant one. 
Much of the decreased prominence of abdominal signs is due 
to the expanding uterus. In the patient who is not pregnant, 
the average weight of the uterus is 70g. Over 40 weeks of 
pregnancy, it can expand to 1110g and can have an 
intrauterine volume of 5liters (1-3). As this enlargement 
occurs, the intestine and omentum are pushed into the upper 
abdomen. The omentum is less able to be the watchman of the 
abdomen and wall off areas of peritonitis due to encroach- 
ment of the uterus. The ovaries will come to lie posterior to 
the uterus (1). This makes assessment of ovarian pathology 
more difficult especially by transabdominal ultrasound. With 
the enlargement of the uterus also comes stretching of the 
abdominal wall. As the abdominal wall stretches, it shows 
fewer signs of direct peritoneal irritation. Classic signs, such as 
rebound and guarding, are less prominent. 

Previously a paper by Baer et al. in 1932 reported that 
with the enlargement of the uterus, the appendix moves 
upward and laterally from its usual position at McBurney’s 
point so that by late pregnancy it is actually closer to the 
gallbladder. He showed this by performing barium enemas 
to show the position of the appendix and cecum (4). In 
2003, a paper by Hodjati and Kazerooni in the International 
Journal of Gynecology and Obstetrics reevaluated the 
anatomical location of the appendix with pregnancy. In 
their prospective study, three groups of women were 
compared. The first was 165 women in their 37th to 40th 
week of pregnancy who were undergoing elective c-sections. 
The second group was 26 women between 19 and 39 weeks 
of pregnancy with acute appendicitis. The final group was 
100 nonpregnant females with acute appendicitis. Each was 
evaluated for appendix location and normal was noted to be 
within 2cm of McBurney’s point. In their study, 15% of the 
first group had an abnormal position, 23% of the second 
group, and 17% of the third. The study showed no 
significant difference between the normal control and those 
who were pregnant (5). 


Other physiologic changes may be attributed to hormonal 
changes associated with pregnancy such as the elevation in 
estrogen and progesterone levels. Several studies have shown 
that as levels of these hormones increase throughout 
pregnancy, orocecal motility slows. A study by Wald et al. 
showed that the gastrointestinal motility slowed by one-third 
during the third trimester of pregnancy compared with 
postpartum rates (6,7). It has also been shown that levels of 
the hormone motilin decrease. This affects the migrating 
motor complex also leading to slowed orocecal motility (8). 
The slowed transit can compound problems with constipa- 
tion or other underlying abdominal pathology making 
diagnosis again more difficult. Progesterone has also been 
linked to decreased lower esophageal sphincter pressure and 
affects the urologic system. Dilation and slowing of peristalsis 
of the ureters have been associated with increase in 
progesterone. This may lead to urinary tract infection from 
urinary stasis (9,10). 

There are normal changes that take place in pregnancy, 
which change the results of laboratory tests. This can make 
looking for bleeding or infection more difficult. Laboratory 
test results expected in pregnancy are shown in Table 1. For a 
few tests, the lab results can still have significant diagnostic 
value especially in the case of pyelonephritis, hepatitis, or 
pancreatitis. 


IMAGING AND THE PREGNANT PATIENT 

With the fetal effects of radiation to consider, it is important to 
understand what imaging modalities are available and safe. 
While there may be anxiety in using some radiologic 
modalities, it is important to remember that the greatest 
danger to both fetus and mother may be delay in diagnosis. 


Ultrasound 

Ultrasound may be used as both a diagnostic and a therapeutic 
modality. It is the imaging modality of choice due to its ease of 
use, low cost, and safety. It may be used to evaluate mother and 
fetus at the same time providing evaluation of amniotic fluid 
and size of the fetus while possibly diagnosing relevant 
pathology in the mother. 


Magnetic Resonance Imaging 

Magnetic resonance imaging (MRI) is a safe modality to use 
providing diagnostic information on the mother with little risk 
to the fetus at any stage of pregnancy. MRI is beneficial 
compared with computed tomography (CT) in that it is 
capable of giving large field-of-view images in any plane with 
excellent soft-tissue contrast (11). There is no exposure of the 
mother or the fetus to any ionizing radiation. Often no 
contrast is needed to establish a diagnosis. Gadolinium, 
a contrast agent used in MRIs, does cross the placenta and its 
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Table 1 Changes in Laboratory Test Results Expected in 
Pregnancy 


Test Result 
Hemoglobin Decreased 
Hematocrit Decreased 

White blood cell count Increased 
Differential white blood cell count Increased neutrophils 
Platelet count Unchanged 
Electrolytes (serum) Decreased CO; 
Glucose (fasting) Decreased 
Creatinine (serum) Decreased 
Amylase Slightly increased 
Aspartate aminotransferase Unchanged 
Alanine aminotransferase Unchanged 
Alkaline phosphatase Increased. 
g-Glutamyl transpeptidase Unchanged 
Urinalysis Unchanged 


Arterial blood gas Decreased pCO ; 


slightly increased pH 


effects on the fetus are not well understood. However, there is 
general consensus that it should not be used in the pregnant 
patient unless there is high likelihood that benefits of its use 
outweigh the risk to the fetus. In the acute abdominal setting, 
MRI is beneficial for evaluation of the biliary tree for stones 
with sensitivity greater than 90% (11). It may be used to 
diagnose acute appendicitis, bowel obstruction, and areas of 
abscess formation, inflammation, and hemorrhage. 


CT 

CT use is often feared due to the risk of ionizing radiation to 
the fetus. Guidelines for surgical problems during pregnancy 
from the Society of American Gastrointestinal and Endoscopic 
Surgeons (SAGES) state that expeditious and accurate 
diagnosis should take precedence over concerns for ionizing 
radiation. Radiation dosage should be limited to 5 to 10rads in 
the first 25 weeks of pregnancy (12). Modern CT scanners 
deliver doses of radiation below this as a single test. A CT of the 
abdomen-pelvis delivers about 2 to 4rads (13-16). However, 
cumulative radiation exposure must be considered: other tests 
that have been done may affect the decision to use CT. 
Consider also that IV contrast should not be used and try to 
minimize cuts of the CT. 


Nuclear Medicine 

Fetal exposure with nuclear medicine studies is quoted to be 
less than 0.5rads. This again is below the limit of 5 to 10rads 
quoted. In light of this, the radionucleotides may be 
administered including technetium-99 (13,17). 

Once workup is completed, decision for treatment will 
depend on the specific diagnosis. However, there are some 
tenants for surgery that hold true for all patients. Indications 
for emergency laparotomy are no different in the pregnant 
patient than that in a nonpregnant patient. If possible, elective 
procedures should wait until after the pregnancy is completed 
unless that is a compelling reason that it benefits the patient or 
the pregnancy. Elective procedures include cholecystectomy 
for uncomplicated gallstone disease and inguinal hernia repair 
for asymptomatic hernia. The second trimester of pregnancy is 
the best time for performance of any elective or semi-elective 
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procedure. The decision to perform a c-section delivery should 
be made outside of the decision for an exploratory laparotomy. 
Successful vaginal deliveries can be performed postoperatively. 


Perioperative Considerations 

Perioperative consideration should be given to fetal heart 
monitoring. It is difficult to keep fetal heart monitors on 
sterilely during an abdominal surgery and monitoring may 
create a significant distraction. There are no definitive studies 
demonstrating that intraoperative fetal monitoring makes a 
difference in fetal outcome. The value of intraoperative fetal 
monitoring must be determined on a case by case basis. Pre- 
and postoperative fetal and contraction monitoring are 
recommended at a viable gestational age. 

Preterm labor is also a concern with this population. The 
use of tocolytics is somewhat controversial and no consensus 
exists. The SAGES guidelines recommend no prophylactic use 
of tocolytics (13). Their use is also not recommended in the 
presence of maternal infection (9). Tocolytic benefits must be 
weighed against risks and obstetric consultation is warranted. 


Laparoscopy and Pregnancy 

At one time, it was felt that laparoscopy could only be used 
safely in the first and second trimesters of pregnancy. However, 
there are several published reports of use of laparoscopy in the 
third trimester without detriment to the patient or fetus. The 
SAGES guidelines now state that laparoscopy may be 
performed in any trimester and indications are the same in 
the pregnant and nonpregnant patients (13). 


ACUTE APPENDICITIS 

Appendicitis is the most common indication for nonobstetric 
surgery and occurs in 1/766 to 1/3000 pregnancies (18,19). 
There is no increased risk of appendicitis associated with 
pregnancy, but there is credible concern that the severity is 
increased in the pregnant patient. This may be due to the 
difficulty and delay of diagnosis during pregnancy. There are 
many common symptoms of pregnancy that may mimic 
appendicitis, such as nausea, vomiting, and round ligament 
pain. The leukocytosis of pregnancy may also obscure 
evaluation. It has also been previously reported that the 
anatomic location of the appendix changes with the growing 
uterus. More recent studies as noted previously in this chapter 
have refuted this idea and overall the appendix remains in its 
normal position. The diagnosis of appendicitis preoperatively in 
the pregnant patient has been reported in only one-half to three- 
fourth of the cases taken to the operating room (OR) (18,20,21). 
Finally due to the difficulty in diagnosis and the subjective 
reluctance of some to take a pregnant patient to the OR, the 
incidence of perforation is about 25% to 40% (18,21,22). This is 
even more concerning in light of the risk of fetal demise, which 
is 7% to 10% in the nonperforated appendicitis case and up to 
24% if the appendix is perforated (18,22-24). 


Signs 

Direct abdominal tenderness is the most constant physical 
finding among pregnant patients with appendicitis. Only 
rarely is this finding absent (25,26). In the first trimester, 
tenderness is usually well localized in the right lower quadrant. 
With advancing gestation, there is still some thought that 
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tenderness may be found in the right periumbilical area or right 
upper quadrant; however, in the study by Hodjati et al., this was 
not necessarily true. About 55% to 75% of patients have 
demonstrable rebound tenderness (21,25—28). One-half to two- 
thirds of patients have abdominal muscle rigidity (21,25-29). 
Rovsing’s sign is present approximately equally in pregnant as 
in nonpregnant patients with appendicitis. Psoas irritation is less 
frequently observed in pregnancy (30). Rectal examination is 
often overlooked in the pregnant patient with appendicitis, but 
one group has found that tenderness is usually present, 
especially in the first trimester (25). Fever and tachycardia are 
variably present and are not sensitive signs for appendicitis in 


pregnancy. 


Diagnostic Aids 

The physiologic leukocytosis (as high as 15,000/mm°) during 
pregnancy and the wide range of normal values limit the 
usefulness of the leukocyte count for the diagnosis of 
appendicitis (21). Severe disease may be present when the 
leukocyte count is normal (20). Greater than 80% poly- 
morphonuclear leukocytes are often present when appendicitis 
complicates pregnancy (21,25). Again, however, the test is not 
sufficiently sensitive to rule out disease and it discriminates 
poorly between those patients with and those without 
appendicitis. Ten to twenty percent of pregnant patients with 
appendicitis have an abnormal urinalysis, usually showing 
pyuria alone (25,27). Bacteriuria indicates a urinary tract 
infection. Asymptomatic bacteriuria is common enough in 
pregnancy that it may well occur coincidentally with 
appendicitis (31). Ultrasound may be the initial radiologic 
evaluation tool for diagnosis of appendicitis. However, it may 
be variable in its results due to operator performance, the 
gravid uterus, or a retrocecal appendix. MRI and CT are 
gaining popularity as evaluation tools. A recent systematic 
review from 2009 showed good sensitivity and specificity of 
both when ultrasound was normal or inconclusive (18). 

Treatment for appendicitis is either open or laparoscopic 
appendectomy. Choice should be made depending on the skill 
and comfort level of the surgeon and clinical picture. No 
longer is laparoscopy limited to the first and second trimesters 
of the pregnancy. Reports now show the safety of laparoscopy 
in the third trimester as well (32). Advantages reported for 
laparoscopy over the open approach include better intra- 
abdominal visualization, less uterine manipulation, less post- 
operative pain, early return of GI function, and earlier 
ambulation postoperatively (32,33). 

Technique for laparoscopic entrance into the abdomen is 
variable. Veress needle, and open Hassan-type techniques 
are both reported and are safe in those experienced in the 
techniques (32). Veress needle insertion usually is done in the 
midclavicular line about 2cm below the costal margin. Once 
performed, the port may be placed blindly or better yet with an 
optical trocar. Open surgery should be performed over the 
point of maximum tenderness or at McBurney’s point. 


CHOLELITHIASIS 

Although laparoscopic cholecystectomy is reported to be 
the most common laparoscopic procedure in pregnancy, 
pregnancy itself does not increase the risk of acute cholecys- 
titis. It is reported to occur in about 1 in 1600 to 10,000 
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pregnancies (34-36). During pregnancy, the formation of 
gallstone and gallbladder sludge is common, but most women 
remain asymptomatic. 


Signs and Symptoms 

As in the nonpregnant patient, the most reliable symptom is 
right upper quadrant pain. Previous studies have shown that 
about 28% present with pain (9,37). 

About half of the patients have vomiting and a minority are 
febrile (38). Patients will often give a history of previous 
similar episodes. Right upper quadrant direct tenderness is 
usually present, but in the absence of complications, rebound 
tenderness is rare. The pain may radiate to the back. In the 
occasional patient, there is a palpable gallbladder. 

Cholecystitis may be confused with appendicitis, parti- 
cularly in the third trimester. Landers and colleagues (38) 
reported a woman at 30 weeks of gestation who underwent 
laparotomy to rule out appendicitis. The appendix was 
normal, but she developed Salmonella sepsis postopera- 
tively. The gallbladder was found to be the source of the 
organism when she subsequently returned to the OR for 
cholecystectomy. 


Diagnostic Aids 

Gallstones are present in more than 95% of patients with 
cholecystitis. Ultrasonography has been found to be extremely 
accurate in the diagnosis of cholelithiasis. With cholecystitis, it 
may show not only gallstones but also gallbladder wall 
thickening and pericholecystic fluid. Ultrasound can also 
show common bile duct dilation. Since this modality does not 
require ionizing radiation, it is preferred in pregnancy. If 
additional diagnostic information is needed for clinical 
management, the radiation dose of a radionucleotide scan of 
the gallbladder is not prohibitive. 

Blood tests are of limited diagnostic value for the patient 
suspected to have cholecystitis. Leukocytosis may be present, 
but it is neither a sensitive nor a specific marker. Serum 
alkaline phosphatase is normally elevated in pregnancy. A high 
value should not be taken as evidence of cholestasis. Other 
hepatic enzymes, such as aspartate transferase and alanine 
transferase, may be helpful in distinguishing cholecystitis from 
hepatitis. Transient elevation of the serum amylase level may 
be seen in up to one-third of patients (39,40). A markedly 
elevated serum amylase level suggests pancreatitis, which may 
complicate the course of gallbladder disease. Occasionally, a 
patient may be jaundiced with an elevated bilirubin level. If the 
patient has had persistent vomiting, evaluation of electrolyte 
status is essential. 


Treatment 

Treatment of symptomatic cholelithiasis, otherwise known 
as biliary colic, can be controversial. Many people recom- 
mend nonoperative treatment for biliary colic. However, as 
shown in their review of the disease, Steinbrook et al. 
reported recurrence of symptomatic gallstones in 92% of 
women managed nonoperatively in their first trimester, 64% 
in their second, and 44% in their third (13,41). A 57% 
symptom recurrence during pregnancy and a 23% compli- 
cation rate of acute cholecystitis and gallstone pancreatitis 
are reported (13,42). 
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Many favor initial treatment for the pregnant patient with 
uncomplicated acute cholecystitis to be supportive. Intrave- 
nous fluids should be given to prevent dehydration and the 
patient is made nothing-by-mouth. Nasogastric suction is 
appropriate if there has been significant vomiting. Analgesia 
may be given as needed. Meperidine is preferred to morphine, 
as the latter may produce spasm of the sphincter of Oddi. All 
narcotics may affect the sphincter of Oddi, but it appears to be 
more so with morphine. Since early cholecystitis is a sterile 
process, antibiotics are often unnecessary. If symptoms are 
persistent, or if systemic or local signs are prominent, broad- 
spectrum antibiotic coverage is warranted (43). Patients who 
fail to respond to conservative measures, or who have 
recurrent bouts of illness, are candidates for surgery. Selected 
patients may be considered for a percutaneous drainage 
procedure, that is, cholecystostomy tube, in order to defer 
definitive therapy (44). 

The patient who responds promptly to supportive therapy 
may be observed, with the hope of avoiding an operation 
during pregnancy, or may be scheduled for an elective 
cholecystectomy. A prospective comparison of these treatment 
strategies is unavailable. Many authors favor the former 
approach, but the latter has proponents (45,46). Medical 
therapy is associated with a high risk of relapse, often requiring 
hospitalization prior to delivery (46). If there is choice about 
the timing of cholecystectomy, the second trimester seems to 
be the interval when fetal complications are minimized. 

Though once considered contraindicated, there is a growing 
body of literature supporting the safety of laparoscopic 
cholecystectomy during pregnancy (47,48). SAGES guidelines 
list laparoscopic cholecystectomy as the procedure of choice in 
the pregnant patient with gallbladder disease regardless of 
trimester (13). The procedure is usually performed in the 
second trimester, but many cases have been reported in the 
first and third trimesters. Guidelines published by SAGES note 
that intraoperative cholangiography exposes both the mother 
and the fetus minimally and may be used selectively 
intraoperatively during cholecystectomy (13). Pelvic shielding 
is recommended. Endoscopic retrograde cholangiopancreato- 
graphy with papillotomy and stone extraction may also be 
performed during pregnancy (49-51). This may be done pre-, 
post-, or intraoperatively (13). Candidates for this procedure 
would be those with known or suspected calculous obstruction 
of the biliary duct. Fetal irradiation can be minimized by 
uterine shielding and limitation of fluoroscopy time. 


Course 

Acute cholecystitis may be complicated by empyema, perfora- 
tion, pancreatitis, or failure to respond to medical manage- 
ment. As stated previously, management is supportive unless 
the patient has pancreatitis, cholangitis, or common bile duct 
obstruction (9). Among patients managed conservatively 
during pregnancy, 62% to 84% may be carried through to 
delivery without operation (38,39,40). In the series reported by 
Landers and coworkers (38), medical therapy was deemed to 
have failed if symptoms persisted beyond the 4th day in the 
hospital, or if there were more than three recurrences in the 
same trimester. Pleading against excessive conservatism, 
Dixon and colleagues (45) cited two cases in which patients 
required total parenteral nutrition for 27 and 30 days, 
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respectively. One of these patients developed pancreatitis. Of 
26 patients in their series, 15 had recurrent episodes of biliary 
colic during pregnancy (45). Data from published series are 
often incomplete, but perinatal outcome appears to be 
favorable if disease is uncomplicated or if surgical treatment 
is effected in the second trimester (31,39,40,45,52). 


PANCREATITIS 

Occurrence 

Pancreatitis is an unusual, but potentially devastating, 
complication of pregnancy that may present with acute 
abdominal pain. In more recent series, case:delivery ratios 
range from 1:1289 to 1:3333 (53-56). Pregnancy may 
predispose women to the development of pancreatitis, but 
this notion is poorly substantiated and controver- 
sial (53,54,57,58). Recognized risk factors for pancreatitis 
include cholelithiasis, alcohol use, hyperlipidemia, hyperpar- 
athyroidism, abdominal trauma, viral infections, and certain 
drugs (particularly diuretics). The presence of gallstones is the 
most common etiology among pregnant patients; they are 
found in up to 90% of cases (55—57,59). 


Symptoms and Signs 

The presentation of pancreatitis is similar in the pregnant 
and nonpregnant patients. Among cases reviewed by 
Wilkinson (55), 75% presented with acute abdominal pain. 
Typically, the pain is of sudden onset and located in the 
epigastrium. Nausea and vomiting are usually present and may 
be severe. Very ill patients may present in shock. Generally, the 
patient is in acute distress. There may be a low-grade fever and 
a few patients are jaundiced. Epigastric tenderness is the most 
reliable physical finding. Peritoneal signs are absent or 
minimal. Bowel sounds are diminished. With severe hemor- 
rhagic pancreatitis, blood may infiltrate the flanks (Grey 
Turner’s sign) or the umbilicus (Cullen’s sign). 


Laboratory Aids 
Serum amylase and lipase should be evaluated in pregnant 
patients with concern for pancreatitis as would be done for 
those who were not pregnant. Karsenti et al. in 2001 
performed a prospective case-controlled study of serum 
amylase and lipase controls in normal pregnancy. Their study 
showed that serum amylase levels are the same in both 
pregnant and nonpregnant patients. Lipase is different in 
pregnant patient during the first trimester only and is lower at 
that time than in nonpregnant patients. They found that 
during the final two trimesters, there are no significant 
differences. Their final conclusion was that both amylase and 
lipase levels should be evaluated in the pregnant patient. They 
also concluded that serum lipase levels correlated better with 
acute pancreatitis that did amylase levels (35,60). Elevations of 
serum amylase also may be seen with intestinal perforation, 
infarction, or obstruction, and a variety of other conditions. 
Other laboratory findings may be hypoglycemia (sometimes 
severe), hyperglycemia, hyperbilirubinemia, hypocalcemia, 
hemoconcentration, and electrolyte derangements. Imaging 
procedures are of limited usefulness for the patient with 
suspected pancreatitis in pregnancy. Upper abdominal ultra- 
sonography may yield information about concomitant gall- 
bladder disease, but the pancreas is often not well seen. CT or 
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MRI may be of benefit in severely ill patients with a doubtful 
diagnosis. 


Treatment 

The initial treatment of pancreatitis in pregnancy is supportive 
and does not differ from treatment for the nonpregnant 
patient. Corrections of hypovolemia, as well as the electrolyte, 
glucose, and calcium disturbances, are necessary. Oral intake is 
withheld. If the patient has moderate or severe disease, 
continuous nasogastric suctioning is often instituted. Total 
parenteral nutrition may be used if the course of disease is 
prolonged (61). If gallbladder disease is causative, cholecys- 
tectomy or endoscopic papillotomy may be considered once 
the patient’s condition is stable (49). 


Course 

The mean duration of acute symptoms is about 6 days, but 
recovery may be prolonged and complicated (55). Estimates of 
maternal mortality vary widely from 0% to 37%, probably 
reflecting bias in case selection and improvements in diagnosis 
and therapy (53,55-57,59). In one compilation of reported 
cases, the perinatal mortality associated with maternal 
pancreatitis was estimated to be 38% (55). More recent series 
indicate a better outlook with perinatal mortality of 11% or 
less (53,57,59). In a recent review of 43 pregnant patients at 
one institution from 1983 to 1993, there were no maternal 
deaths, two stillbirths, and one neonatal death due to 
prematurity (56). As expected, the risk of perinatal death 
increased with severity of maternal disease. 


INTESTINAL OBSTRUCTION 

Occurrence 

An increasing frequency of intestinal obstruction during 
pregnancy has been attributed to a higher rate of intra- 
abdominal operations, with subsequent adhesions, among 
women of reproductive age. Rates of occurrence are from 
1/1500 to 1/16,000 (35,62). Despite the fact that 50% of 
pregnant women experience nausea and 33% have problems 
with emesis, cases rarely occur during the first 4 months of 
pregnancy (35,63). They are fairly evenly distributed thereafter 
and into the puerperium. A previous laparotomy, most often 
appendectomy or an adnexal operation, seems to be the most 
important risk factor. About one-half of simple intestinal 
obstruction during pregnancy is due to postoperative adhe- 
sions. Volvulus is the next most common condition (9). It, 
too, may be caused by adhesions. Intussusception is less 
common. Incarcerated inguinal or femoral hernias, or 
obstruction resulting from carcinoma, are exceedingly rare 
among pregnant patients (64). 

A special note should be made about pregnant patients who 
have had gastric bypass surgery. A known risk of this surgery is 
internal herniation, which can lead to acute bowel obstruction. 
This may be due to a defect in the mesentery at the jejunal- 
jejunostomy or a Peterson’s defect behind the Roux limb in a 
Roux En Y gastric bypass. This complication can put a patient 
and the fetus at serious risk of morbidity and mortality. Any 
patient who has had bariatric surgery should undergo 
immediate evaluation when showing signs of obstruction, 
and surgery should not be delayed if suspicion is high for 
internal herniation. 
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Symptoms and Signs 

Abdominal pain, vomiting, and constipation are symptoms 
expected with intestinal obstruction. Almost 90% of affected 
pregnant patients will have abdominal pain (66). The pain may 
be constant or periodic. In the third trimester, it may be 
confused with the pain of labor or placental abruption. Pain 
may sometimes radiate to the flank, imitating that of 
pyelonephritis (65). The severity of the pain may not reflect 
the severity of the disease (67). Patients are often anxious and 
apprehensive (68). Emesis is a highly variable symptom among 
patients with intestinal obstruction during pregnancy. With 
more proximal obstruction, vomiting appears earlier in the 
course of disease and is more frequent. There may be 
considerable delay in resumption of emesis after the first 
episode. Severe obstruction may be present without any 
vomiting (66). Whereas constipation is a common symptom 
in pregnancy, complete cessation of stool and flatus is not. 
Such a report should strengthen suspicion for the diagnosis. 
With proximal obstruction, bowel movements may continue 
for a time following the onset of disease. Obstruction may lead 
to significant dehydration associated with low urine output, 
mild-to-moderate tachycardia, and hypotension. 

Early in the course of disease, physical findings may be 
subtle. The classic picture of direct abdominal tenderness, 
distension, and high-pitched tinkling bowel sounds is the 
exception rather than the rule. Abdominal tenderness may be 
entirely absent (67). Pressure on the uterus may cause pain 
when transmitted to distended bowel, misleading the 
clinician to suspect a uterine process. Abdominal distension 
is difficult to assess in late pregnancy when the risk for bowel 
obstruction is the greatest. At presentation, bowel sounds are 
often described as normal (66). In some cases, particularly 
with cecal volvulus, a tender cystic mass may be palp- 
able (69,70). Rebound tenderness, fever, tachycardia, and 
shock are late findings (67). 


Diagnostic Aids 

Leukocytosis may occur, but is of little help in the diagnosis of 
intestinal obstruction. Electrolyte abnormalities and hemo- 
concentration may be present if there has been prolonged 
emesis or if fluid has accumulated within distended bowel. 
There may be an elevation of serum amylase levels. Radio- 
graphic studies are often essential for diagnosis and should 
not be avoided out of concern for fetal effects. An upright 
plain film of the abdomen is the best initial study. Other 
studies, with or without contrast media, may also be 
appropriate and should not be delayed if findings on plain 
films are not typical and suspicion is present. Sequential films 
may be necessary for proper evaluation of initially normal or 
equivocal radiologic findings (67). 


Treatment and Course 

Treatment of intestinal obstruction in pregnancy is the same as 
that for the nonpregnant patient. Clinical management 
includes prompt correction of fluid and electrolyte deficits, 
decompression of bowel, relief of obstruction, and resection of 
nonviable tissue. Prompt fluid resuscitation is especially 
important in pregnancy, since uterine blood flow depends 
upon a normal maternal blood volume. If patients are in shock 
or significantly impaired, a foley catheter may be required to 
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monitor urine output. As fetus mortality is high with bowel 
obstruction, early surgery is warranted. Adequate operative 
exposure and thorough inspection of the full length of the 
bowel should not be compromised. Usually, a midline 
abdominal laparotomy incision is optimal. In some cases, it 
may be necessary to empty the uterus to accomplish 
satisfactory surgical therapy. However, this can most often 
be avoided (71). As a rule, the treatment of intestinal 
obstruction is surgical. Selected cases of early sigmoid volvulus 
have been successfully treated with colonoscopy, long-tube 
and rectal-tube decompression alone (72). In the case of bowel 
obstruction, it may not be optimal to attempt a laparoscopic 
exploration in a pregnant patient. There will be limited 
exposure due not only to the enlarged uterus but also to the 
dilated bowel. The bowel may also be friable and easily torn 
with manipulation causing enterotomies. 

The obstetrician should be aware of the entity called 
colonic pseudo-obstruction, or Ogilvie’s syndrome, which 
tends to occur following cesarean section (73). The clinical 
presentation is that of large bowel obstruction, but no 
mechanical stricture or volvulus is present. Radiographs will 
show marked gaseous distension of the cecum that usually 
extends to involve the ascending colon and transverse colon. 
The distal colon and rectum are gasless. Typically, there is 
little, if any, fluid in the distended bowel and contrast studies 
reveal no site of mechanical obstruction. If massive dis- 
tension goes unrelieved, cecal perforation, a life-threatening 
complication, may occur. Treatment consists of bowel 
decompression by either colonoscopy or operative cecost- 
omy (74). Neostigmine is an alternative treatment. This agent 
must be used in a monitored setting with atropine available 
as it may cause significant bradycardia. 

Intestinal obstruction is a serious complication of preg- 
nancy associated with maternal mortality in 10% to 20% and 
perinatal mortality in 20% to 30% of cases (68,71,75). There 
are several recent reviews of the topic (76-78). Perdue et al. 
noted in their review of 66 cases of obstruction that time from 
the patients’ admission to surgery was about 48 hours. 
Twenty-three percent of patients in that review were found to 
have dead bowel requiring resection; maternal mortality was 
6% and fetal mortality was 26% (78). Intrauterine fetal death 
and preterm delivery are the most common perinatal 
complications. Diagnostic vigilance and timely therapy afford 
the best prospects for a favorable outcome. 


URETERAL CALCULI 

A case:delivery ratio of approximately 1:1600 has been 
estimated for symptomatic urolithiasis in pregnancy (79,80). 
Stone passage seems to occur as often during pregnancy as 
outside of pregnancy. The causes for urolithiasis are varied. 
Among 78 women of reproductive age who were evaluated for 
urolithiasis, 42% had idiopathic hypercalciuria, 13% had 
hyperuricuria, 10% had primary hyperparathyroidism, 13% 
had infection stone, 3% had cystinuria, and 19% had 
idiopathic lithiasis (81). 

Pain, usually in the flank but sometimes in the abdomen, is 
almost always the presenting complaint. Nausea, vomiting, 
dysuria, urgency, fever, or gross hematuria may be associated. 
About one patient in four will give a past history of urolithi- 
asis (79,80). Costovertebral angle tenderness is almost always 
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present. In one series, abdominal tenderness was elicited in 6 
of 20 patients (79). Concomitant urinary tract infection may 
obscure the diagnosis of ureteral calculi. 

Microscopic hematuria is found in about 75% of cases. The 
absence of hematuria at presentation does not rule out a stone. 
The patient suspected of urolithiasis should be instructed to 
strain her urine in search of a stone until the diagnosis is 
clarified. Ultrasonographic imaging of the urinary tract may be 
helpful in the evaluation of the patient with suspected urinary 
calculi; the stone, or evidence of ureteral obstruction, may be 
apparent. Transvaginal ultrasound examination may reveal a 
distal ureteral calculus (82). 

The urinary collecting system, particularly the right side, is 
often physiologically dilated in the latter half of preg- 
nancy (83). This effect should not be confused with ureteral 
obstruction. Duplex Doppler waveforms of the intrarenal 
arteries may help distinguish obstructed from non-ob- 
structed collecting systems, obstruction being associated 
with a high resistivity index (84). Intrarenal resistivity in 
pregnancy appears to be no different from that outside of 
pregnancy, even in the presence of physiologic pelvicaliec- 
tasis (85). Radiographic evaluation, if needed, may be 
accomplished with minimal radiation exposure by obtaining 
a plain abdominal film and a film 20 to 30 minutes after 
injection of contrast dye. Additional delayed films may be 
necessary in some cases. If urolithiasis is confirmed, a 
metabolic evaluation is warranted. 

In planning treatment, relevant factors include the size and 
location of the stone, the degree of obstruction, the severity of 
symptoms, and the presence of infection. Most calculi will pass 
spontaneously with hydration. If necessary, minimally invasive 
treatment options, such as ureteral stent placement, uretero- 
scopic retrieval, or percutaneous nephrostomy, may be 
considered (86). These procedures have been safely performed 
throughout pregnancy (87-89). Open ureterolithotomy is 
rarely required. Extracorporeal shock-wave lithotripsy has not 
been approved for use during pregnancy. Unless severe 
infection complicates the course of urolithiasis, a good 
perinatal outcome is expected. 


ADNEXAL TORSION 

Among women requiring laparotomy for adnexal torsion, 
about 20% are pregnant (90,91). About one-half of the cases of 
adnexal torsion are associated with an ovarian neoplasm, most 
often a dermoid cyst. In the reproductive-age group, 
approximately 2% of cases are associated with ovarian 
malignancy (90). Gonadotropin-induced ovarian hyperstimu- 
lation is a risk factor for torsion and about 16% of affected 
pregnancies are complicated by adnexal torsion (92). Sympto- 
matic torsion occurs usually in the first, sometimes in the 
second, but rarely in the third trimester. The right side is 
involved more frequently than the left (90). 

Pain is almost always the presenting symptom, but the 
nature of the pain is highly variable. The onset may be sudden 
or gradual. The character may be sharp and intermittent, or 
dull and constant. In about two-thirds of cases, the pain is 
unilateral in the lower abdomen. It may be generalized or, 
uncommonly, it may radiate to the back or flank. Nausea and/ 
or vomiting are present in about half of the patients. Various 
urinary symptoms are less often reported (91,92). Abdominal 
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tenderness is the most constant physical finding. Peritoneal 
signs are variably present. There may be adnexal tenderness or 
a mass. Leukocytosis may be present, but a normal white blood 
cell count does not rule out the diagnosis. Ultrasonographic 
imaging may aid in the identification and characterization of 
an adnexal mass. Color Doppler sonography may show absent 
arterial flow in the central ovarian parenchyma. Absent central 
ovarian venous flow may be a more sensitive finding in cases of 
adnexal torsion (93). Comparison with the uninvolved 
contralateral ovary may aid in sonographic diagnosis. Given 
the nonspecific clinical presentation, it is not surprising that 
the preoperative diagnosis is often erroneous (90,91). 

Torsion of the ovary and/or the Fallopian tube leads to 
venous congestion, edema, and, ultimately, arterial compro- 
mise. The course may be complicated by ovarian rupture or 
hemorrhage. Some patients report previous episodes of 
transient pain, indicating that spontaneous reversal of torsion 
may, at times, occur. 

Surgery may be done laparoscopically and is recommended 
by SAGES guidelines for both diagnosis and treatment of the 
torsed ovary unless clinical severity warrants a laparotomy (13). 
The conventional surgical therapy of adnexal torsion is 
extirpation of the involved tissues, particularly if they appear 
ischemic or necrotic. If it is necessary to remove the corpus 
luteum prior to 10 weeks of gestation, there is justification for 
progesterone supplementation in an effort to maintain the 
pregnancy. If tissue distal to the site of torsion appears viable, 
unwinding of the adnexa is an alternative therapy. One group 
has advocated unwinding, regardless of the appearance of the 
adnexa, in cases of ovarian hyperstimulation syndrome (94). If 
the ovary is conserved, the surgeon must be assured that it does 
not contain a neoplasm. There is little information available to 
quantify the fetal risk following adnexal torsion. Generally, the 
pregnancy outcome is good (92). 


HERNIAS 

Hernias of the abdominal wall or groin are not uncommon in 
the general population today. Repair of a hernia is one the 
most common surgical procedures in the country. Hernias 
during pregnancy, however, are uncommon, and much less is 
written about them in the literature. Whenever a pregnant 
patient has a hernia that is symptomatic, prompt consultation 
with a general surgeon is prudent. 


GROIN HERNIAS 

The two most common types of groin hernia are inguinal and, 
less commonly, femoral. The incidence in women is about 8% 
to 9% of all groin hernias (95-98). In a retrospective analysis 
of 21,318 pregnant patients by Ochsenbein-Kolble et al., it was 
found that there was an incidence of inguinal hernia during 
pregnancy of 1/2000. Seventy-five percent of those women 
were multiparas (99). 


Diagnosis 

Diagnosis of a groin hernia may be more difficult in a female 
than a male patient. The standard exam is for palpation of 
bulge in the inguinal region on valsalva that is either 
reducible or irreducible. If a bulge is difficult to feel, consi- 
deration for an ultrasound should be made. Ultrasound of 
the groin for hernia evaluation may be more difficult in the 
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obese or pregnant patient. Occasionally, MRI or CT may be 
used if clinically warranted to evaluate the groin region. The 
differential diagnosis for a groin mass includes round 
ligament varicosity, enlarged lymph node, lipoma, abscess, 
vascular aneurysm, and of course direct, indirect, or femoral 
hernias (95,97,99,100). 


Treatment 

Treatment for an inguinal hernia in a pregnant female varies 
little from that in a nonpregnant female. If the patient has an 
acute problem such as incarceration or strangulation of that 
hernia, emergent treatment should be done. An open inguinal 
herniorrhaphy may be performed, and if the bowel is found to 
be nonviable, conversion to an open procedure may be 
warranted. Mesh may be used for a repair if there is no 
infection or nonviable bowel. If there is concern for infection, 
a tissue repair should be performed. In the event that it is not 
an urgent situation, watchful waiting would be prudent with 
the repair of the hernia after the pregnancy is complete (97). 
Buch et al. in their review of 12 patients with inguinal or 
umbilical hernias during pregnancy showed that repair could 
be done postpartum with no significant increase in recurrence. 
Surgery on these patients was done on average at 22 weeks 
postpartum (97). Reports of inguinal hernia repair at time of 
c-section have been written. A study by Ochsenbein-Kolble 
showed that in eight women who developed an inguinal or 
umbilical hernia during pregnancy, a tissue repair as a 
combined procedure with cesarean section was not only 
feasible but also safe with no recurrences at 56 months (99). 


VENTRAL HERNIA 

Ventral hernias encompass umbilical, epigastric, and inci- 
sional. Incidence of umbilical hernias in pregnancy has been 
reported to be between 2% and 5%. The incidence of 
incisional hernias in pregnancy is unknown (95,101,102). 
Herniation of abdominal contents, uterine fibroids, or the 
gravid uterus through the hernia defect can be a concern in the 
pregnant female with a ventral hernia (95,101). If the gravid 
uterus is incarcerated in the hernia defect, consideration for 
immediate surgery must be taken due to risk not only of 
intrauterine growth retardation but also of strangulation of the 
uterus. In this case, cesarean section is performed with tissue 
repair of the hernia if possible. 


DIAPHRAGMATIC HERNIA 

A rare type of hernia that can complicate pregnancy is the 
diaphragmatic hernia. This type of hernia may be congential, 
such as a posterolateral Bochdalek hernia or an anteriomedial 
hernia of Morgagni, or the more common acquired hiatal 
hernias. 


Signs and Symptoms 
Patients with these types of hernias may not know that they 
have a hernia of the diaphragm until symptoms appear during 
pregnancy (103,104). 

Symptoms may include upper abdominal or chest pain, 
nausea, and vomiting all of which may worsen as the 
pregnancy progresses (103,105,106). Patients may also present 
acutely obstructed with a toxic appearance due to dehydration 
and herniation of abdominal contents into the chest. These 
patients may be tachycardic and or have dyspnea (103). 
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Diagnosis 

Diagnosis may be made by an upright anteroposterior and 
lateral chest X-ray. This may show abdominal contents in the 
chest with air fluid levels noted in the chest. 


Treatment 

Management will depend on the acuity of the situation. Due to 
the increased intra-abdominal pressure exerted by the growing 
uterus, there is concern that if not repaired during the 
pregnancy, there may be high morbidity and possibly 
mortality for the mother and child during the pregnancy or 
labor. Kurzel et al. in 1988 were emphatic about surgery for 
this condition stating that in their review of 18 reported cases 
of this type of hernia, there were 8 maternal and 6 fetal deaths. 
They felt that repair should be performed prior to labor 
regardless of whether the hernia was symptomatic or not. 
Their recommendations for treatment that if there were signs 
of obstruction, immediate repair should be undertaken 
regardless of fetal stage of development. If the patient was in 
the first or second trimester, repair should be done to prevent 
intra-abdominal contents from pushing into the chest cavity 
and possibly becoming strangulated. Furthermore, if the 
patient was asymptomatic in her third trimester, the baby 
should be followed for fetal maturity. When deemed mature, 
then elective c-section should be performed with hernia repair 
done at that time (105). 


CONCLUSION 

There are many sources of acute abdominal pain in the 
pregnant patient. Prompt evaluation and coordination 
between the obstetrician and the general surgeon may make 
the difference between an excellent outcome and a cata- 
strophe. 
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The approach to the pregnant patient undergoing nonobstetric 
surgery requires thorough knowledge of the normal maternal 
physiologic and anatomic adaptation to pregnancy, potential 
fetal effects of diagnostic tests or ancillary pharmaceutical 
therapies, and the potential for any obstetric complications. 


MATERNAL ADAPTATION OF PREGNANCY 

There is a significant alteration in both the physiology and 
the anatomy of many maternal organ systems in response to 
the hormonal changes of pregnancy. A thorough under- 
standing of these alterations is needed in establishing the 
diagnosis, monitoring during a procedure, and conducting 
the operative procedure for a safe maternal and fetal 
outcome (Table 1). 


Cardiovascular System 
The cardiovascular system undergoes significant alteration 
under the influence of the altered hormonal milieu of 
pregnancy. Progesterone inhibits distal tubular sodium 
reabsorption leading to natriuresis. The juxtaglomerular cells 
of the kidney in response to this secrete renin to stimulate 
aldosterone release from the adrenals, maintaining sodium 
homeostasis (1-3). Renin is converted into angiotensin and 
catecholamines are released from the adrenal gland. Pregnancy 
is a state of maternal hyper-catecholaminism from its early 
stages. These catecholamines stimulate both inotropic and 
chronotropic effects on the heart, leading to an increase in 
cardiac output. Cardiac output begins to rise in the first 
trimester and continues on a steady increase to peak at 30% to 
50% of the preexisting levels by approximately 32 weeks of 
gestation (3-7). Both heart rate and stroke volume increase. 
Peripheral systemic vascular resistance is reduced secondary to 
progesterone, exerting a direct effect to relax the intimal 
smooth muscle in the precapillary resistance vessels (2,3). The 
resulting vasodilatation leads to a decreased vascular resis- 
tance. There is a slight decrease in mean arterial pressure in the 
second trimester of a normal pregnancy due to the reduction 
in peripheral resistance. Blood volume increases with 
pregnancy, peaking at approximately 50% of prepregnancy 
levels at around 32 weeks of gestation. As the pregnant woman 
approaches term, mean arterial pressure normalizes as the 
increase in blood volume compensates for the decreased 
resistance and fills the capacitance of the vasculature (8,9). 
The pulmonic and systemic circulations undergo similar 
alterations. There is vasodilatation with an increased volume 
of capacitance. However, in the pulmonic circulation, the 
volume and the capacitance change almost equal each other. 
Therefore, there are no changes in pulmonic pressures. When 
the pulmonic circulation is evaluated by central catheteriza- 
tion, no changes in pulmonary artery pressures or wedge 


pressures are seen due to pregnancy (6,7). The change with 
increased pulmonic blood volume and increased capacitance 
fills the pulmonic circulation. This renders the pregnant 
women susceptible to fluid overload and pulmonary ede- 
ma (10). Pulmonary edema will occur much more readily in 
pregnancy, secondary to this maternal adaptation. 

In the third trimester, the enlarged uterus may compress the 
vena cava (especially in the supine position). This may lead to a 
decrease in cardiac venous return and a drop in cardiac output 
with a drop in systemic blood pressure. While positioning for 
operative procedures, the pregnant patient is best positioned 
with the uterus displaced to the left, allowing adequate vena 
cava flow and cardiac return to avoid hypotension. Increased 
cardiac output leads to an increased flow across the aortic 
valve, thus producing a soft aortic flow murmur. This murmur 
is auscultated from approximately the mid-second trimester 
through term in many pregnant patients. Diastolic murmurs 
or harsh crescendo—decrescendo murmurs in the systolic 
range are always considered pathologic. However, a soft 
continuous flow murmur heard in the aortic value region may 
be physiologic due to the increased flow in pregnancy. 


Respiratory Adaptations 

Progesterone has a direct effect on the hypothalamic apneustic 
center, altering its CO, sensitivity. The hypothalamic response 
to a lower level of CO, drives an increased tidal volume and 
respiratory rate. This reduces CO;, and pH begins to rise. The 
kidney secretes bicarbonate equalizing the system and acid— 
base balance. The pregnant woman is in a chronic state of 
compensated respiratory alkalosis. The normal blood gases of 
pregnancy are compensated respiratory alkalosis (11). The 
normal pH is 7.44 and bicarbonate levels decrease by 4meg/L. 
This loss of bicarbonate buffer renders the pregnant women 
more susceptible to metabolic acidosis. Arterial PO, rises by 
approximately 5 to 10mm of mercury. However, in the supine 
position, arterial PO, decreases by at least 6 to 10mm of 
mercury. Positioning the pregnant women with the uterus 
displaced to the left reduces this positional effect on 
oxygenation in the blood. Vital capacity and maximum 
voluntary ventilation are not altered. Functional residual 
capacity is reduced as the diaphragm is elevated by the rising 
uterus (11,12). 


Hematologic Adaptations 

The hematologic system undergoes marked change secondary 
to pregnancy. Plasma volume increases by 50% over 
prepregnancy levels. There is a stimulation of the bone 
marrow by renal erythropoietin, which increases the red cell 
mass by approximately 30%, over prepregnancy levels (9,13). 
As the plasma volume increases more than the red cell mass, a 
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Table 1 Physiologic Maternal Adaptation to Pregnancy 


Alterations 


Cardiac output HR x SV = CO 
Increased 20-30% 
Both heart rate and stroke volume 
increased 
Decreased as resistance vessels with 
vasodilatation 
Increased to 
Uterus 
Skin 
Kidneys 
Breasts 
Blood volume increases equal 
capacitance increase 
No change in pulmonary artery 
pressures 
Tidal volume increased 
Respiratory rate increased 
Functional residual capacity reduced 
Compensated respiratory alkalosis 
Renal artery perfusion increased 
Glomerular filtration rate increased 
Creatinine clearance increased 
BUN, serum creatinine, serum uric 
acid decreased 
Renal clearance of drugs increased 
Bladder muscularis relaxation 
Urinary stasis infection risk 
Dilated renal pelvises and ureters 
Decreased gastric motility 
Aspiration risk with anesthesia 
Decreased colonic motility 
Constipation complaints 
Plasma volume increases 40-50% 
Red cell mass increases 20-30% 
“Physiologic anemia” 
Leukocytosis 
Increased liver-produced clotting 
factors 
Increased fibrinogen 
Hypercoagulable state 


System 


Cardiovascular system 


Peripheral vascular 
resistance 
Blood flow 


Pulmonic circulation 


Pulmonary system 


Renal system 


Gastrointestinal system 


Hematologic system 


Source: From Ref. 112. Abbreviations: HR, heart rate; SV, stroke volume; 
CO, cardiac output; BUN, blood urea nitrogen. 


delusional effect occurs decreasing hemoglobin concentration 
(lower normal 10.5-11 g/dL), and hematocrit levels decrease to 
30% to 35% (13). This phenomenon has been termed the 
“physiologic anemia” of pregnancy. 

White blood cell (WBC) count increases by 5000 to 
10,000cells/mL in the pregnant women. This is due to the 
stimulation of demargination of white cells from the 
endothelial wall by catecholamines and steroids. These cells 
are all mature polymorphogranular leukocytes. Care must be 
taken in interpreting the increased WBC counts in pregnancy 
(9,13). The differential count is very helpful since if marrow 
elements are observed (bands or blasts), pregnancy adaptation 
is not the etiology of the leukocytosis and infection or 
inflammatory etiologies should be pursued. 

Estrogen has a direct effect on the hepatocyte endoplasmic 
reticulum, leading to increased protein production. All liver- 
produced clotting factors (II, VII, IX, and X) are increased in 
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pregnancy. Fibrinogen also increases by 20% to 30% with an 
average level of fibrinogen of approximately 400mg in normal 
pregnancy (14). The pregnant woman is in a hypercoagulable 
state from the first trimester of pregnancy. Pregnant woman 
undergoing prolonged procedures or placed immobile at bed 
rest requires venous thromboembolism prophylaxis to prevent 
thromboembolic events. Sequential pneumatic compression 
devices or heparin are used as prophylaxis. Unfractionated 
heparin due to its reversibility with protamine and ease of 
monitoring with a partial thromboplastin time is preferred 
over fractionated heparins in acute surgical situations. 
Subcutaneous heparin 5000 to 10,000units BID are recom- 
mended as a prophylaxis. 


Renal Adaptations 

There is a significant increase in renal blood flow in pregnancy 
both to the glomeruli and to the renal parenchyma. Renal 
plasma blood flow and glomerular filtration rate increase by 
approximately 30% to 50% over prepregnant levels (15). This 
results in an increased creatinine, urea, and uric acid clearance, 
with a resultant decrease in serum creatinine (normal 0.5— 
0.9mg/dL), blood urea nitrogen (normal 10-15mg/dL), and 
uric acid (normal 2.5-3.5mg/L) (13-15). Drugs with renal 
clearance will have an increased clearance resulting in lower 
plasma and blood levels. Therefore, these doses need to be 
adjusted to account for this to maintain therapeutic blood and 
plasma levels during pregnancy (14). The muscularis of the 
bladder is relaxed by progesterone, and urinary stasis occurs. 
Urinary tract infections are common in pregnancy as the 
urethral vaginal angle is altered and vaginal bacteria may enter 
the bladder. If bladder catheterization is needed for more than 
12 hours following a surgical procedure, antibiotic prophylaxis 
should be considered to prevent urinary tract infection. 


Gastrointestinal Adaptations 

Progesterone produces smooth muscle relaxation throughout 
the body. Gastric motility, gastric emptying, and small bowel 
transit time are all reduced in pregnancy. Pregnant women 
undergoing emergency surgery are at significant risk for the 
aspiration of gastric contents (8,10,16). Whenever possible, 
regional anesthetic techniques are preferred over general 
inhalational anesthesia to reduce the risk of aspiration of 
gastric contents. It is recommended to premedicate gravida 
patients undergoing surgery with antacid preparations to 
reduce gastric pH (16-18). Agents to stimulate gastric 
emptying, such as metoclopramide, are also useful to reduce 
aspiration risk. Patients who require emergency general 
inhalational anesthesia may benefit from nasogastric aspira- 
tion of stomach contents prior to extubation. Premedication 
with antacids is also a recommended technique to reduce 
gastric pH and prevent possible pulmonary injury from 
aspiration of gastric contents. 


FETAL CONSIDERATIONS 

Diagnostic Radiation Exposure 

Diagnostic radiologic procedures are often necessary as a 
preoperative assessment in patients needing nonobstetric surgery 
during their pregnancy. These procedures may be undertaken 
with care. Adverse fetal effects from ionizing radiation have been 
reported with fetal exposure of greater than 10cGy. 
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Microcephaly, intrauterine growth restriction, poor fetal devel- 
opment, and death have all been reported (19-21). Direct fetal 
exposure of 5cGy or less has not been shown to increase fetal 
malformation rates. There is a very small risk of increased 
childhood malignancies, particularly leukemias, with the level of 
radiation of 5cGy or less. Direct fetal exposure of 1cGy or 
less has not been shown to produce any significant fetal 
effect (19-21). Single-shot direct images such as chest X-rays, 
abdominal images, or images of long bones expose the fetus 
to little or no risk. Fluoroscopic examinations expose the 
fetus to significant radiation risk and should be avoided if 
possible in pregnancy. Computed tomography (CT) exams of 
the cranium and thorax expose the pelvis to very little direct 
radiation (0.05—0.1 cGy). These exams, if clinically indicated, 
may be undertaken with relative safety (22). 

Abdominal and pelvic CT exams expose the fetus from 3 to 
10cGy and should be avoided if possible during the first 
trimester. In the second and third trimesters, these exams may 
be performed, but care must be taken in making the decision 
to do these as the fetus will be exposed to a significant 
radiation dose (22,23). If a significant alteration in the 
management will result from the information gained from 
abdominal and pelvic CT examinations performed during 
pregnancy, then the potential fetal risk is warranted (22,23). 

Magnetic resonance imaging (MRI) has not been exten- 
sively studied in pregnancy. This technology has been 
considered safe, to date, with no untoward fetal effects 
reported. MRI scanning may be considered a safe alternative to 
CT scan in the first trimester (24,25). MRI exams have been 
shown to be helpful in the second and third trimesters to 
clarify diagnosis in fetal cranial anomalies and in determining 
aberrant placental implantations (accreta, increta, percreta). 
Gadolinium contrast agents should be avoided throughout the 
course of pregnancy, if possible. 

Radionuclide procedures may be done in pregnancy; 
generally, the radiation dose to the fetus is low. Most 
radionuclide contrast agents are renal cleared. Indwelling 
bladder catheterization will reduce total fetal exposure by 
avoiding retained urine in the maternal bladder containing 
radioactive agents from increasing the total radiation dose to 
the fetus. 

If the fetus is inadvertently exposed to significant amounts 
of ionizing radiation, it is important to calculate a fetal isodose 
radiation curve. Exposure of 10cGy or greater may produce 
significant fetal effect. Table 2 outlines the potential fetal effect 
from in utero radiation exposure (26) Tables 2,3. 


Anesthetic Effects 

Inhalation anesthetic agents (nitrous oxide, cyclopropane, 
diethyl ether, and halothane) are lipid soluble and readily cross 
the placenta. Animal models have raised some concern, as 
these agents have had teratogenicity in some animal models. 
The human data regarding these agents are not robust. 
However, anecdotal data, risk assessments, and epidemio- 
logic assessments point to the relative safety of these 
agents (14,16,17,27,28). Exposure to inhalation anesthetic 
agents in the first trimester of pregnancy (especially during the 
period of organogenesis 3—8 weeks) is estimated to produce a 
relative risk of malformation of approximately 0.2% to 0.5%. 
Neural tube, limb, cardiac, and gastrointestinal abnormalities 


Table 2 Estimated Radiation Dose to Pelvis at Ovarian Level 
from Common Radiologic Procedures 


Procedure Pelvic dose (cGy) 
Chest radiography 8 
Chest fluoroscopy 71 
Abdominal radiography—series 289 
Lumbar spine—series YS) 
X-ray pelvimetry 40 
Intravenous pyelogram 407 
Barium enema 

X-ray series 439 

Fluoroscopy 366 

Total 805 
Upper GI 

X-ray series 360 

Fluoroscopy 198 

Total 558 


Source: From Ref. 112. Abbreviation: GI, gastrointestinal. 


Table 3 Radiation Dose and Fetal Effect 


Radiation dose 


to fetus Theoretical or actual fetal effect 

0-5 cGy No reported malformation. Potential for 
oncogenesis and increased cancer risk 

5-10cGy Potential for oncogenesis, Potential for IUGR* 

10-20 cGy Microcephaly, IUGR, 2.4% mental retardation 

20-50 cGy Microcephaly, IUGR, fetal death, mental 
retardation 

50-100cGy Microcephaly, IUGR, 18% mental retardation, 
fetal death 


Source: From Ref. 112. *Abbreviation: IUGR, intrauterine growth restriction. 


have all been reported. Regional block anesthetic techniques 
are recommended in the first trimester. If surgery is semi- 
elective and can be safely delayed until at least 12 weeks, the 
fetus will not suffer exposure to these agents during a critical 
organ-forming period. If, however, the clinical situation 
requires a general anesthetic technique in the first trimester, 
the physician and the patient can be reassured that overall fetal 
risks are small, then these agents should not be withheld if 
clinically indicated (29). A few studies have critically assessed 
anesthetic drugs in pregnancy and no consistent pattern of 
human malformation has been observed (28—30). 


Analgesic Agents 

Pain control in both the pre- and postoperative period may be 
obtained with the use of opiate narcotic agents. Morphine, 
meperidine, hydromorphine, and fentanyl administered orally 
intramuscular or intravenously in patient-controlled pumps or 
by delivery patch have demonstrated no adverse fetal effects in 
the short term (29,31,32). Chronic opiate use in pregnancy has 
been associated with deleterious fetal effects. Intrauterine 
growth restriction and intrauterine and postnatal fetal/neonatal 
withdrawal have all been reported (29). In utero fetal with- 
drawal has been linked to intrauterine fetal demise (29). 
Chronic oral opiate use for pain control in pregnancy should be 
used with extreme caution. Codeine-containing compounds 
have been shown to have a small teratogenic effect and should 
be avoided if possible in the first trimester (29). In the second 
and third trimesters, these compounds may be used for short 
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Table 4 Antibiotics in Pregnancy 


Penicillin/cephalosporin 
No adverse effect in 
nonallergic patient 


Sulfa drugs 
Avoid first trimester 


Aminoglycosides Third-trimester use 
with bilirubin 
displacement 

Renal toxicity and ototoxicity Kernicterus 

Use in life-threatening infections Chloramphenicol 
Tetracycline Gray baby syndrome 

Contraindicated Fluoroquinolones 


Staining of teeth Fetal effect—avoid use 
Bone demineralization 


Source: From Ref. 112. 


intervals with little fetal effect. Nonsteroidal inflammatory 
agents should be avoided, if possible. They have been shown to 
decrease fetal renal blood flow, which has resulted in significant 
oligohydramnios. After 32 weeks of gestation, these agents may 
cause permanent closure of the ductus arteriosus in utero with 
resultant fetal pulmonary hypertension (29). Prior to 32 weeks 
of gestation, intermittent ductal constriction occurs and may 
also lead to fetal pulmonary hypertension. As a tocolytic agent, 
short courses of indomethacin have been shown to be effective 
without profound significant fetal effect. Benzodiazipam 
compounds may be used and have not been shown to be 
associated with adverse fetal outcomes. At or near the time of 
delivery, these agents have been associated with significant 
neonatal depression and should be avoided during the 
parturient period (18,30,33). 


Antibiotics 

Adjunctive antibiotic therapy is often indicated in nonobstetric 
surgery during pregnancy. Penicillin, penicillin derivatives, and 
first- and second-generation cephalosporins have no reported 
fetal adverse effects (29). Erythromycin base, clindamycin, and 
azithromycin are considered safe in pregnancy. Vancomycin, 
although considered relatively safe, has had some case reports of 
fetal renal toxicity. Aminoglycosides, although used when 
needed, have been associated with fetal ototoxicity and real 
toxicity (18,29,34). Streptomycin and kanamycin have been 
reported to have both ototoxicity and renal toxicity. Gentamicin 
has not shown significant fetal ototoxicity and may be used with 
careful monitoring of maternal blood levels in life-threatening 
maternal infections (34). 

Sulfonamides displace bilirubin from protein binding and if 
given near delivery (especially in the late third trimester) may 
lead to neonatal hyperbilirubinemia and kernicterus. These 
agents may be used for infections remote from delivery 
especially in the second trimester (18,29,34). Tetracyclines need 
to be avoided throughout pregnancy as they lead to permanent 
staining of the teeth and abnormal long bone develop- 
ment (18,29,34). Fluoroquinolones have been shown to disrupt 
fetal cartilage production leading to skeletal abnormalities and 
they are best avoided throughout pregnancy (Table 4). 


Preoperative, Inoperative, and Postoperative Evaluation 
and Management 

The preoperative evaluation of the pregnant patient should 
include all the elements one would perform if the patient were 
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not pregnant plus an antenatal assessment of the fetus and 
pregnancy to assess for the effect of the condition needing the 
surgery on the outcome of the pregnancy. Determination of 
gestational age, fetal well-being by nonstress test or biophysical 
profile assessment, assessment of the maternal cervical status, 
and an assessment for contractions should be carried out. 
Laboratory assessment, imaging studies, and preoperative 
assessments must take into account the maternal adaptations 
of pregnancy and gestational age. Ionizing radiation studies 
should be limited and fetal status should be considered before 
any imaging studies are performed. 

If elective or semi-elective procedures are needed, it is best to 
wait until the second trimester of pregnancy if possible. If 
emergency surgery is needed, it can be done in any trimester. In 
the first trimester, if regional anesthesia is a choice, it is 
preferable over general anesthesia due to the small teratogenic 
risk of general anesthesia during the first trimester of pregnancy. 
Before proceeding to the operating room, the patient should be 
given 30mL of 0.3m sodium citrate (bicitra) to help neutralize 
gastric pH and decrease the risk of chemical pneumonitis if 
aspiration of gastric contents were to occur (35). 


Intraoperative Management 

In the second and third trimesters, if non-abdominal surgery is 
being performed, the patient should be positioned with the 
uterus displaced to the maternal left side, to improve the vena 
cava return to the heart. This is best accomplished with a 
wedge placed under the maternal right hip. It is important 
to maintain maximal oxygenation status keeping maternal 
O, saturation above 90% to 95% to meet fetal oxygen 
needs (36,37). Maternal blood pressure should be kept in the 
normal range to continue normal uterine blood flow, and if 
pressors are needed during a procedure, dopamine or 
isoproterenol at lower doses do not disrupt uterine artery 
flow. Hypotension secondary to regional anesthesia may be 
corrected with phenylepherine with little adverse effect to the 
fetus. After viability, 23 to 24 weeks of gestation, in non- 
abdominal surgery, continuous fetal monitoring is indicated. 
If excessive blood loss occurs, transfusion of packed RBCs is 
needed to maintain maternal hemoglobin above 8g/dL to 
insure adequate uteroplacental perfusion. 

If intra-abdominal procedures are being performed either 
laparoscopically or via open technique, care must be taken to 
avoid excessive manipulation of the pregnant uterus to prevent 
the stimulation of uterine contractions. 


Postoperative Management 

The patient should be recovered in an obstetric unit with 
continuous fetal monitoring. Contraction monitoring with 
external tocodynamometer should be done. If preterm con- 
tractions are observed, hydration with IV fluids often will 
alleviate them, as most often maternal dehydration is the 
etiology of these contractions. If tocolytic medications are 
needed, terbutaline 0.25mg subcutaneously or nifedipine 10mg 
PO every 20 minutes for three doses often will stop these 
contractions (38). Precipitation of frank labor and subsequent 
fetal delivery is a rare event following nonobstetric surgery in 
pregnancy. If ovarian cysts are removed prior to 15 weeks of 
gestation, particularly if the corpus luteum is felt to have been 
removed, progesterone supplementation may be considered to 
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reduce fetal loss (38). Analgesia for pain can be accomplished 
with the use of opiate narcotics. Codeine or opiate narcotics 
combined with acetaminophen as discussed earlier are often 
safe in pregnancy. Nonsteroidal anti-inflammatory agents 
should be avoided due to their risk of oligohydramnios and 
disruption of ductus arteriosus flow. All ancillary pharmacolo- 
gic agents needed, such as antiemetics, antibiotics, antihyper- 
tensive medications, should be reviewed for their fetal safety 
profile before administration. If labor ensues, a recent 
abdominal incision does not contraindicate valsalva in the 
second stage of labor and vaginal birth should be performed. 
Cesarean section should be reserved for routine obstetric 
indications (39). 


Laparoscopic Surgery in Pregnancy 

Laparoscopic surgical procedures may be performed in the 
first and second trimesters of pregnancy with relative fetal and 
maternal safety. These procedures offer the advantage of 
shorter recovery time, less blood loss, and shorter hospital 
length of stay. A theoretic risk to the fetus exists with 
insufflations of the abdominal cavity (40—44). As intra- 
abdominal pressure rises, uterine blood flow may be 
compromised. This could potentially lead to fetal hypoxemia, 
acidosis, and injury. To prevent this, it is best to keep the intra- 
abdominal pressure as low as possible (43). A maximum intra- 
abdominal pressure of 15 mmHg has been advocated (43). 
There is also the potential risk of perforating the uterus with 
the veres needle or trochar, which could directly injure the 
fetus or lead to ruptured membranes and preterm deli- 
very (45). Veres needle insertion under ultrasonic guidance 
can reduce this risk. The trochar should be positioned at least 
6cm above the uterine fundus (45). This may require a supra- 
umbilical right or left upper quadrant insertion site. Tenting of 
the abdominal wall away from the uterus has also proven 
effective. In the mid-to-late second-trimester open laparo- 
scopic techniques have proven safer than traditional veres 
needle and trochar insertions (41,43). Maternal respiratory 
functions need to be closely monitored. Arterial or transcu- 
taneous carbon dioxide monitoring has been recommended. 
Maternal end-tidal volume carbon dioxide determination may 
not be as informative a measure due to the carbon dioxide 
absorption that is changed because of pregnancy. As with all 
proposed surgical procedures if the laparoscopic procedure 
can be safely delayed until after the pregnancy is completed, it 
should be done at that time (41,43). 


SPECIFIC SURGICAL PROCEDURES 

Any surgical procedure performed during pregnancy can pose 
some risk for the mother and the fetus. As pointed out in the 
previous sections of this chapter, maternal adaptation to 
pregnancy may increase the risk of thromboembolism, organ 
injury, hemorrhage, and the onset of labor. Fetal risks due to 
pharmacologic agents, anesthesia, diagnostic radiographic 
procedures, and the risk of preterm birth are low but remain 
significant. Therefore, any surgical procedure performed 
during pregnancy needs to be carefully considered. Purely 
elective procedures for nonthreatening conditions are best 
delayed until pregnancy is completed. However, there are 
some conditions that require intervention during pregnancy. 
Some urgent but not emergent procedures are best delayed 


until after the first trimester; however, emergency conditions 
that require surgical intervention should not be delayed 
despite the maternal pregnancy. 


Breast Disease in Pregnancy 

Breast malignancies are not an uncommon occurrence in 
pregnancy; approximately 10,000 pregnancies per year are 
associated with breast cancer (46). The prognosis of pregnant 
patients with breast carcinoma is poorer than those without 
pregnancy, not due to blood flow changes or hormonal milieu 
but due to a delay in diagnosis. Physiologic and anatomic 
alterations of the breast function and anatomy may mask 
parenchymal breast lesions and self-discovery of a mass or 
discovery by physical exam may be delayed until a mass has 
grown to a larger size (47,48). Breast engorgement, prolifera- 
tion of glands and ducts, lactation, and increased vascularity all 
contribute to this phenomenon (48,49). 

The incidence of breast carcinoma in pregnancy is 1 in 3300 
to 5000 pregnant women (47—49). The prognosis is poorer in 
pregnant women due to delay in diagnosis with approximately 
75% of pregnant patients with breast carcinoma having 
positive axillary lymph nodes at the time of diagnosis. Five- 
year survival rates have been reported as low as 17% in this 
group of patients (49,50). The key to improved outcome is 
early diagnosis. There should be no reluctance to biopsy of any 
suspicious mass due to the patient’s pregnant state. Needle 
aspiration, fine needle biopsy, or open biopsy all may be 
performed. Milk abscess, galactorrhea at the biopsy site, and 
infection are more common with biopsies performed in 
pregnancy (50). Imaging lesions with mammography is less 
sensitive in pregnancy due to increased radio density of 
the breast in pregnancy and suspicious lesions may be missed 
(48-50). Ultrasound and MRI are less affected by the anatomic 
alterations of pregnancy and are recommended as imaging 
techniques in pregnancy. 

The management of a breast carcinoma in pregnancy is 
similar to the nonpregnant state. Mastectomy is more often 
performed, as radio therapy is relatively contraindicated in 
pregnancy as there is significant spread of radiation to the 
pelvis even with shielding (50,51). Chemotherapy may be used 
in pregnancy in the second and third trimesters with little fetal 
effect. Agents such as methotrexate or taxol may cause fetal 
death and are best avoided (50-53). Alkylating agents such as 
cytoxan, 5—fluorouracil, and adriamycin also may be used. 
Chemotherapy should be avoided in the first trimester if 
possible. Breast carcinoma may metastasize to the placenta, 
but there have been no reported case of fetal metastases to 
date. Pregnancy termination has not been shown to effect 
maternal outcome. The decision to terminate a pregnancy, if 
first trimester chemotherapy is needed, for fetal indication, 
should be discussed with the patient. A full explanation of fetal 
and maternal risks should be undertaken (50—53). 


Appendicitis in Pregnancy 

The most common general surgical condition complicating 
pregnancy is appendicitis. Acute appendicitis occurs in 
approximately 1 in 1500 gestations (54). The clinical 
symptoms of appendicitis are similar in pregnancy to the 
nonpregnant state: right lower quadrant pain, nausea, 
vomiting, pyrexia, anorexia, and malaise. In the past, the 
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location of the pain in acute appendicitis was felt to change 
with the changing gestational age and the enlarging uterus 
moving the cecum higher into the abdomen with the third- 
trimester acute appendicitis pain found in the right upper 
quadrant. However, it has now been shown that most patients 
with appendicitis in pregnancy will have right lower quadrant 
pain regardless of their gestational age (55,56). Some patients, 
however, will have the anatomic location of the appendix 
change and appendicitis needs to be considered when patients 
present with right upper quadrant pain or even flank pain in 
the case of retrocecal appendix. 

Clinical symptoms of nausea, vomiting, and anorexia are 
common in early pregnancy and sometimes delay in the 
diagnosis of appendicitis occurs (55,56). Leukocytosis is often 
associated with appendicitis. However, there is a physiologic 
leukocytosis of pregnancy as outlined earlier. The leukocytosis of 
pregnancy may be as high as 20,000 to 30,000 cell/cm° (57). 
All of these cells are mature polymorphogranular leukocytes. 
If bands or marrow elements are observed, infection and 
inflammation should be suspected. The differential count, 
therefore, is very helpful in establishing this diagnosis. 

Physical findings of acute peritonitis such as guarding and 
rebound may not be found in the pregnant women with acute 
appendicitis. The gravid uterus may tent the parietal 
peritoneum and omentum away from the inflamed appendix, 
thus producing less peritoneal inflammation and less abdom- 
inal wall symptoms (58-60). Imaging may be performed. 
Ultrasound of the appendix with graded compression has been 
shown to be very sensitive (86%) and specific (81%) (61,62). 
Ultrasound due to its fetal safety should be the image modality 
of choice. MRI has also been shown to be very sensitive and 
specific for the diagnosis of appendicitis in pregnancy (96% 
and 93.6% respectively) and should be used in cases were 
ultrasound is inconclusive (63-66). CT exams are also very 
sensitive (94%) and specific (95%) in the diagnosis of acute 
appendicitis in pregnancy. Although the risk is low, there is 
concern for fetal exposure to ionizing radiation and these 
exams should be used if ultrasound is inconclusive and MRI is 
not available (67,68). 

Once a diagnosis is made or strongly considered, laparo- 
scopy or laparotomy and appendectomy should be performed. 
Delay of more than 24 hours increases the risk of perforation, 
which will occur in 14% to 43% of patients. Preterm labor and 
delivery are much higher if appendiceal perforation occurs 
(36% vs. 15%) (69,70). In the third trimester, cesarean section 
at the time of appendectomy is not indicated unless there is an 
obstetric indication. After the appendectomy procedure, in the 
third trimester, if the patient goes into labor, vaginal delivery 
may occur and the risk of rupture of the abdominal wall repair 
is low. In the late second and throughout the third trimesters, 
laparotomy is performed with relative maternal and fetal 
safety. In the first and early second trimesters, laparoscopic 
approach may be entertained with care in technique as 
described earlier. 


Biliary Disease in Pregnancy 

The maternal adaptations to pregnancy predispose to the 
formation of cholesterol, cholelithiasis in pregnancy (71). 
Biliary disease requiring surgery occurs in 0.2 to 0.5 per 1000 
pregnant women (72). Biliary sludge or small gallstones have 
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been found on ultrasound in 5% to 8% of pregnant women in 
the late second and early third trimesters (71-73). Symptoms 
of acute cholecystitis in pregnancy are similar to the 
nonpregnant state: nausea, vomiting, right upper quadrant 
pain, and anorexia. Imaging with ultrasound will show stones, 
sludge, and wall thickening (73-75). Management is usually 
conservative. Most patients will improve with supportive care, 
nothing-by-mouth, IV hydration, analgesics, and low-fat diet. 
If cholecystitis or cholangitis is suspected, antibiotics may be 
added (76). If there are progressive symptoms unresponsive to 
supportive therapy, surgery is indicated. The best time period 
to perform these surgeries, with the least pregnancy effect, is 
the second trimester. However, cases that require immediate 
intervention such as perforation, gangrene, progressive fever, 
or intractable pain should have surgery regardless of the 
gestational age. In the first and early second trimesters, 
laparoscopic techniques can be performed (75-77). There 
have been case reports pointing to the safety of these 
techniques in early pregnancy. In the late second and third 
trimesters, laparotomy is needed. Occasionally, with chole- 
cystectomy, uterine contractions have been produced and 
tocolytic agents are needed. Most patients who require 
cholecystectomy in pregnancy do well. 


Ovarian Masses 

Pathologic adnexal masses have been estimated to complicate 
0.2% to 2% of all pregnancies (78). As many as 10% of 
pregnant women will have a cyst of at least 5cm in the first 
trimester of pregnancy. By 10 to 11 weeks of gestation, only 
1.3% of pregnant patients have a persistent significant ovarian 
cyst (79,80). The appearance of the mass on ultrasound is very 
important in differentiating between benign and malignant 
lesions. Solid components, excrescences into the cyst, 
abnormal blood flow patterns, and Doppler assessments are 
suggestive of malignancy (79,80). Fortunately, most ovarian 
masses diagnosed during pregnancy are not malignant. 
Leiserowitz and colleagues reported on 9000 pregnant women 
with ovarian masses in 2006. Only 0.93% of these masses were 
malignant, and more than half (57%) of these malignant 
masses were of low malignant potential (78). 

Most ovarian lesions are found inadvertently on an 
ultrasound. Occasionally, symptoms of pain may prompt on 
ultrasonic investigation. The most common neoplasm found 
in pregnancy is cystadenoma (33%), followed by mature 
teratoma (dermoid; 27%). Biochemical tumor markers such as 
CA125 and alpha-fetoprotein are elevated in normal preg- 
nancy and are not very useful in the management of these 
lesions in pregnant women (79). 

Most ovarian lesions found in pregnancy may be treated 
conservatively. Even if they are found to be malignant at a later 
time, most are slow growing and no further spread would have 
occurred due to the delay (81,82). There are however some 
ovarian masses that must be surgically removed in pregnancy. 
These are ruptured hemorrhagic cysts, acute ovarian torsions, 
and those masses that are highly suspicious for malignancy. It 
is reported that approximately 1 in 1300 pregnancies will 
require surgery for an ovarian mass during pregnancy (81,82). 

The mass that is growing during pregnancy or presents at a 
size greater than 6cm into the second trimester will require 
surgical evaluation. Patients who present with acute pain or an 
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acute abdomen due to torsion or ovarian cyst rupture also 
require acute surgical intervention (81-83). Highly suspicious 
findings on ultrasound, for malignancy in an ovarian mass 
such as size >10cm, nodularity, cystic and solid components, 
internal septation, abdominal ascites, or pelvic fixation also 
require surgical exploration. If the patient is near term, 
exploration for these masses may be delayed until the 
postpartum period. If found in the second and early third 
trimesters, surgical exploration should not be delayed (83,84). 
First-trimester masses that do not present with acute 
symptoms could have surgical exploration delayed until at 
least 11 to 12 weeks of gestation (84-88). 

If a functional ovarian cyst (corpus luteum) is removed 
before 12 weeks of pregnancy, the patient should be given 
progesterone supplementation. This may be administered 
as an IM injection of 50mg of progesterone in oil daily or 
via vaginal suppository 100mg twice daily. This supple- 
mentation may be discontinued after 12 to 14 weeks of 
gestation (86). 

An adnexal mass incidentally encountered during a c-section 
should be removed at the time of the c-section by cystectomy. 
Simple aspiration is not recommended as seeding of malignancy 
to the peritoneal cavity may occur if the mass is malignant. 


Cardiac Thoracic Surgery During Pregnancy 

Cardiac disease complicates approximately 1% to 1.5% of 
pregnancies. In the past, rheumatic heart disease once was 
considered the most common cardiac condition complicating 
pregnancy. However, as more patients with congenital heart 
disease are now surviving to reach childbearing age, congenital 
heart disease, either surgically corrected or uncorrected, has 
become the most common condition complicating preg- 
nancy (86). Most cardiac conditions do not require corrective 
surgery during pregnancy. Congenital cardiac lesions are best 
corrected prior to attempting pregnancy or postponed until 
pregnancy has been completed. If patients however decom- 
pensate during pregnancy with pulmonary edema, hemopty- 
sis, or heart failure unresponsive to medical interventions, 
then either discontinuation of the pregnancy or cardiac 
surgery should be entertained (7,89). 

The approach to any planned cardiothoracic surgical 
intervention during pregnancy must account for the 
significant physiologic and anatomic alterations produced 
in pregnancy. These were reviewed earlier in this chapter. 
The diagnostic assessment of a pregnant patient with cardiac 
disease does not differ from the nonpregnant patient. These 
include a careful history and physical assessment and 
ancillary diagnostic studies. The ancillary diagnostic studies 
include electrocardiogram, echocardiogram, hemoglobin/ 
hematocrit, chest X-ray, and rarely cardiac catheterization or 
stress electrocardiogram or echocardiograms. The optimal 
gestational age to perform cardiac surgery during pregnancy 
is 14 to 20 weeks of gestation (89,90). After 28 to 32 weeks of 
gestation, the peak cardiovascular effects at pregnancy occur 
increasing the potential operative morbidity. However, 
regardless of the gestational age, if the maternal condition 
warrants intervention, it should be undertaken. After 30 to 
32 weeks of gestation, consideration for preterm delivery of 
the fetus should be entertained prior to maternal cardiac 
surgery. 


If necessary, cardiopulmonary bypass procedure can be 
performed in pregnant patients, but care must be taken to 
prevent hypotension and decreased placental profusion (89,90). 
Alteration in bypass technique to adjust flow ratios to avoid 
these systemic volume shifts is needed to prevent disruption of 
adequate placental perfusion and fetal oxygenation (89,90). 
Continuous fetal monitoring is helpful in monitoring the 
adequacy of fetal placental perfusion while the patient is on 
cardiopulmonary bypass. It is also vital to maintain maternal 
temperature to prevent maternal hypothermic response, which 
can also disrupt placental blood flow (91,92). 

Valvuloplasty with catheterization balloon technique has 
been shown to be safe during pregnancy and may be an 
alternative to open valvuloplasty during pregnancy (93,94). 
There have been reports of fetal decelerations and bradycardia 
during balloon inflation. There have been rare reports of 
placental abruption due to maternal hypotension. Therefore, 
these procedures should be undertaken only if there is 
immediate availability of cesarean operation with personal 
resources available (93,94). 

Rarely, coronary bypass surgery is necessary during 
pregnancy. There have been case series reports of successful 
outcomes for pregnancy in these patients (92). However, due 
to the length of time needed on bypass, these procedures are 
best delayed until after pregnancy, if possible. Robotic bypass 
surgery with beating heart technique, with no cardiopulmon- 
ary bypass, may offer a safer alternative to coronary artery 
bypass perfusion if coronary artery bypass is needed during 
pregnancy. These procedures are relatively new and little data 
of these during pregnancy exist. 


Neurosurgery During Pregnancy 

Brain neoplasms requiring neurosurgical intervention in 
pregnancy is an uncommon event. There are approximately 
90 to 100 cases reported annually in pregnant patients in the 
United States (95). Most benign lesions will not require surgical 
interventions during pregnancy and definitive treatment may 
sometimes be delayed until pregnancy has been completed 
(95,96). If malignant neoplasm is suspected and is potentially 
operable, surgery should not be delayed and intervention is 
warranted. Benign lesions that cause significant symptoms such 
as increased intracranial pressure, intractable headaches, or disk 
disease may require surgical intervention during pregnancy. 

Agents to treat cerebral edema such as mannitol and 
dexamethasone may be used during pregnancy. There are little 
data regarding the use of stereotactic radiosurgery to treat deep 
inoperable lesions during pregnancy and fetal safety has not 
been established. However, if the risk—benefit ratio for the 
mother warrants these procedures, they can be entertained 
with full explanation of the small but potential fetal risks 
discussed (19,97,98). 

Patients with intracranial lesions or increased intracranial 
pressure do not require cesarean section. Vaginal delivery with 
avoidance of maternal valsalva maneuvers is the preferred 
route of delivery. The second stage of labor is shortened by 
employing vacuum or forceps delivery techniques (99). 


Traumatic Injury in Pregnancy 
Traumatic injury in pregnancy is the most common cause 
of maternal mortality not related to obstetric factors. 
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Approximately 6% to 7% of all pregnant patients will suffer a 
traumatic injury during pregnancy, but only about 1% of 
these patients are seriously injured enough to require 
hospitalization (100). The pregnant patient is much less 
likely to demonstrate signs of hypovolemia and shock after 
acute blood loss due to the increased maternal blood volume 
that manifests during gestation. However, intravascular 
volume shifts decreasing uterine blood flow occur early in 
hypovolemia maternal states, leading to fetal compromise. 
The abdominal position at the uterus in the third trimester 
makes this organ much more susceptible to traumatic injury 
especially in cases of penetrating traumatic injury. 

The most common traumatic injury seen in pregnancy 
are motor vehicle accidents accounting for 60% of 
traumatic injuries in pregnant women. Pregnancy outcome 
is directly related to the severity of the maternal injuries. 
The most common cause of fetal loss is maternal death 
(100,101). The most common obstetric complication 
following blunt of deceleration injury is placental abrup- 
tion occurring in approximately 2% to 4% of patients 
suffering these injuries (101-103). Most abruptions will 
occur within the first 4 to 8 hours following the injury. 
Ultrasound has shown poor positive predictive value for 
the diagnosis of abruption (103). 

Uterine contraction monitoring has a high negative but low 
positive predictive value for the diagnosis of posttraumatic 
abruption. The absence of uterine contractions following blunt 
trauma or deceleration is highly predictive of no abruption 
having occurred (104,105). All Rh-negative patients should 
receive Rhogam, 300mg/IM. Delayed abruption, up to 48 hours 
post-injury, has been observed although there is no test to 
accurately predict delayed abruption (104). Patients with 
significant fetal-maternal hemorrhage are at greater risk. 
A positive Kleheiur-Betkie test for fetal-maternal hemorrhage 
should warrant a longer period of post-injury observation (104). 

Penetrating injuries to pregnant women are most com- 
monly knife or firearm wounds. As the large muscular uterus 
protects the maternal intra-abdominal organs, pregnant 
patients have a better prognosis from penetrating abdominal 
trauma. However, the fetus is at significant risk due to the 
anterior and central location of the uterus in the maternal 
abdomen. The fetus sustains injury in over 60% of those cases 
with a 40% to 70% fetal mortality rate (106-108). Both 
conservative and surgical management in these cases have 
been advocated. The best approach is to individualize with 
surgical exploration performed when fetal or maternal 
conditions warrant (107,108). 


Burn Injuries in the Pregnant Patient 

Patients who suffer burn injuries in pregnancy should not have 
their management altered due to the pregnancy (109). 
Antibiotics, fluid replacement, and oxygen administration 
remain the recommended therapeutic approach. The severity 
of the maternal injury and any secondary maternal complica- 
tions will dictate the fetal outcome. When the pregnant patient 
suffers a greater than 50% body surface burn injury, fetal 
mortality rate approaches 100%. Where there is a 50% or 
greater burn injury to the pregnant patient in the third 
trimester, delivery of the fetus is indicated (110). With lesser 
degrees of surface area involvement (30% or less), fetal 
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survival approaches 80% (110). Steroids to enhance fetal 
pulmonary maturity are indicated in these pregnant patients 
with significant burn injury who are remote from term. 
Maternal septic complications may lead to labor or the 
development of chorioamnionitis. Mainstays of burn therapy 
such as antibiotics, immunoglobulin therapy, and tetanus toxoid 
are not contraindicated in pregnancy and should be given to 
these patients as needed (111). The optimal pregnancy 
outcome will occur when therapy is early and aggressive and 
not delayed due to the patient’s pregnant state. 


SUMMARY 

Nonobstetric surgical procedures may be undertaken during 
pregnancy, when indicated, with relative fetal and maternal 
safety. A thorough understanding of the maternal adaptations 
of pregnancy and potential fetal risks of diagnostic studies or 
pharmacologic agents, as well as any potential effect to the 
pregnancy, is necessary before proceeding with any procedure. 
In most cases, this will result in a good outcome for both the 
mother and the fetus. 
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33 Anesthesia and analgesia in pregnancy 


Steven T. Fogel 


INTRODUCTION 

The first public demonstration of the use of ether for 
anesthesia in 1846 was quickly followed by its application to 
obstetrics in January 1847 by James Young Simpson of 
Scotland. Almost immediately, controversy surrounded its 
use. In the United States, Charles D Meigs, Professor of 
Obstetrics at Jefferson Medical College, denounced attempts 
to ameliorate the pain of labor, claiming that it was 
inseparable from the effectiveness of uterine contractions. 
Simpson, on the other hand, claimed that the pain of labor 
was of no physiologic value (1). Eventually, then, as today, 
public demand for effective relief of labor pain settled the 
argument. By the latter half of the 20th century, there was 
nearly full agreement within the medical profession that 
relief of labor pain should not be withheld from a woman in 
active labor. This position was formally recognized in 1992 
when the American College of Obstetricians and Gynecol- 
ogists and the American Society of Anesthesiologists 
published a joint statement underscoring the importance 
of the availability of pain relief for the parturient: 

“Labor results in severe pain for many women. There is no 
circumstance where it is considered acceptable for a person to 
experience untreated severe pain, amenable to safe intervention, 
while under a physician's care. In the absence of a medical 
contraindication, maternal request is a sufficient medical indica- 
tion for pain relief during labor. Pain management should be 
provided whenever medically indicated” (Joint ASA-ACOG 
Statement, American Society of Anesthesiologists, Park 
Ridge, IL: October 21, 1992; amended October 1997) (2). 
While many women may choose to labor without any 
pharmacologic intervention, the provision of pain relief during 
childbirth has become an integral part of obstetric practice. 


NOCICEPTIVE PATHWAYS OF PARTURITION 

During the first stage of labor, pain signals from nociceptors in 
the myometrium and cervix are transmitted via the para- 
cervical and hypogastric plexi, and, traveling with sympathetic 
fibers of the lumbar sympathetic chain, enter the spinal cord at 
segments T10 to L1. These fibers synapse with secondary 
neurons in the Rexed laminae of the dorsal horns and are 
modulated by mu receptors in the substantia gelatinosa, also 
located in the dorsal horns of the spinal cord. The pain is 
perceived primarily as visceral pain. Pain signals in the second 
stage of labor are transmitted via the pudendal nerves, which 
enter the spinal cord via nerve roots $2-S4. From there, pain 
signals are transmitted via secondary neurons to the con- 
tralateral spinothalamic tract and on to the thalamus. Signals 
from the thalamus are then projected to cognitive cortical 
centers, where they are perceived primarily as somatic pain. 
Pain can be modulated or interrupted with blockade at several 
levels during its transmission. Paracervical block provides pain 


relief during the first stage of labor as does epidural and/or 
spinal blockade with local anesthetics or with spinal opiates 
either alone or in combination with local anesthetics. Pain 
during the second stage of labor can be managed with 
pudendal block, spinal (saddle) blockade, or extension of 
epidural blockade. Since the pain of the second stage of labor is 
somatic, it is not as responsive to spinal opiates as is the pain of 
the first stage of labor. 


NONPHARMACOLOGIC METHODS OF PAIN RELIEF 
Psychoprophylaxis is probably the most common method of 
nonpharmacologic management of labor pain. Its premise is 
that knowledge, education, and preparation reduce the 
severity of the fear—tension—pain cycle. The process usually 
begins with childbirth education classes that inform the 
pregnant patient and her partner of the normal progress of 
pregnancy, labor, and delivery as well as the expectations. In 
addition, relaxation and distraction techniques are taught as 
an adjunct to the management of labor pain. These include 
breathing exercises, focal points, and massage. The patient’s 
partner plays an important role in the process. Emotional 
support decreases the level of isolation the patient may feel. 
Nonfamily individuals trained to provide support (doulas) 
have been shown to have a beneficial effect on the patient’s 
perception of pain and the progress of labor (3). Touch and 
massage are frequent components used to alleviate the pain 
of labor. These techniques may include effleurage, light 
touch, and/or counterpressure applied to the low back. The 
ultimate goals are for the parturient to take an active role in 
the management of her labor and labor pain. Indeed, studies 
have shown that patients who have successfully completed a 
program of childbirth education and utilized the above 
techniques have a lesser need for pharmacologic treatment 
as well as a lower incidence of obstetric interventions (4,5). 
Other non-pharmacologic techniques that have been used 
include transcutaneous electrical nerve stimulation (TENS), 
acupuncture, and hypnosis. 

TENS has had no discernible adverse fetal effects. Its efficacy 
has been reported to be essentially of minimal benefit to 
possibly shorter labors (6-9). Acupuncture requires knowl- 
edgeable and skilled practitioners, which probably explains the 
varied results that have been reported (10-13). Because of the 
need for additional training as well as for cultural reasons, this 
technique is not likely to be widely practiced in the foreseeable 
future. Like acupuncture, hypnosis requires a trained practi- 
tioner. It is time consuming and at least partially depends on 
the susceptibility of the patient to this technique. Patients who 
are susceptible to hypnosis have been shown to require less 
systemic analgesia than patients in a control group as well as 
experience shorter labors. Patients who are not susceptible to 
hypnosis do not experience much benefit (14). 
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SYSTEMIC ANALGESIA 

Systemic analgesics have been widely used throughout the 
latter half of the 20th century. The mainstay of this technique 
is the use of opioids, both naturally occurring and synthetic. 
Morphine is derived from opium and has a very long history of 
use. As with all opioids, it binds to mu receptors in the CNS 
and, in addition to providing analgesia, may also cause 
respiratory depression, nausea, vomiting, and sedation. 
Systemically administered morphine can induce histamine 
release and cause pruritus (15). An associated skin rash may 
also develop. When given intravenously (IV), its onset of 
action is within 3 to 5 minutes with peak effect in 20 minutes. 
The pharmacologic effect of morphine does not correlate well 
with plasma concentrations following intravenous adminis- 
tration. This is believed to be secondary to a delay in transfer 
across the blood-brain barrier since a large percentage of 
morphine is ionized at physiologic pH (16-18). An intramus- 
cular (IM) injection will have an onset of 15 to 30 minutes 
with a peak effect of 45 to 90 minutes. Morphine undergoes 
hepatic metabolism. With the availability of more potent 
synthetic opioids such as fentanyl, remifentanil, and the 
agonists/antagonists nalbuphine and butorpanol, morphine is 
more commonly used during prelabor or the very early stages 
of labor and less so during active labor. 

Meperidine is a widely used opioid that has the benefit of 
low cost and a long history of successful administration. Usual 
doses are 25 to 50mg IV/IM. Like most opioids, it has the 
potential of causing respiratory depression in both the mother 
and the neonate. Onset is within 5 minutes of intravenous 
administration. The neonatal half-life of maternally adminis- 
tered meperidine is considerably longer than maternal half 
life, approximately 18 versus 3 hours (19,20). A limiting factor 
in the administration of meperidine is the accumulation of the 
metabolically active metabolite normeperidine, which can 
cause seizures when levels are sufficiently high (17). Normeper- 
idine can remain in the neonate for as long as 60 hours (21). 
The pharmacokinetics of meperidine is such that the optimal 
time for delivery is either with in 1 hour after maternal 
administration or more than 2 to 4 hours following adminis- 
tration, depending on the dose (22,23). 

Fentanyl is a potent synthetic opioid. The potency relative 
to morphine is 100 to 1. It is most often administered IV and 
has a rapid onset of less than 1 minute. It has a relatively 
short duration of action and requires frequent dosing (18). 
Because of its short duration of action, it is titratable and 
hence it is attractive when administered as patient- 
controlled analgesia (PCA). Because its potency is much 
greater than morphine and meperidine, it has a greater 
potential for causing severe respiratory depression. Patients 
receiving fentanyl should be closely monitored. Never- 
theless, studies have demonstrated a lesser degree of 
neonatal effects with the use of fentanyl than with the use 
of meperidine or morphine (24,25). 

The agonists/antagonists nalbuphine and butorphanol 
have also been widely used in many institutions for labor 
analgesia. These drugs act primarily at the kappa receptor and 
more weakly at the mu receptor (18). Their advantage over 
pure opiates is a ceiling effect on respiratory depression. 
When compared with meperidine, nalbuphine causes 
less maternal nausea and vomiting, but lower neonatal 
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neurobehavioral scores at 2 to 4 hours of age (26). 
Butorphanol, when compared with meperidine, affords similar 
degrees of pain relief (27). Like nalbuphine, there is less 
maternal nausea and vomiting compared with meperidine. 
Fetal and neonatal effects are similar when comparing 
butorphanol and meperidine (28). 

In the general patient population, PCA has been found to 
provide better pain relief than intermittent, nurse-adminis- 
tered analgesia (29). Nalbuphine has been shown to provide 
better labor analgesia when administered in a PCA mode, 
while PCA administration of meperidine does not demon- 
strate any significant improvement (30,31). Opioids that are 
shorter acting may lend themselves well to PCA adminis- 
tration. Fentanyl has been used in a PCA mode, but neonatal 
depression has been reported. In one retrospective study, the 
total dose of fentanyl received by mothers of infants who 
required naloxone was significantly higher than the group of 
mothers whose infants did not require naloxone (32). 
Remifentanil is a synthetic opioid with a very short duration 
of action. It is rapidly metabolized by blood esterases with a 
half-life of 3.5 minutes. There are no active metabolites, no 
drug accumulation, and metabolism is not organ depen- 
dent (33). Remifentanil has been administered in a PCA 
mode successfully for labor analgesia. Problems have been 
reported with respect to maternal respiratory depression and 
decreasing oxygen saturation, but adverse neonatal effects 
are few (34-38). Remifentanil administered via PCA may be 
the best opioid analgesic alternative when epidural analgesia 
is contraindicated. 

Ketorolac is a nonsteroidal anti-inflammatory agent that has 
good analgesic efficacy for various types of painful conditions. 
It is attractive in that it causes no sedation and no respiratory 
depression (39). There are concerns about its use in obstetrics 
in that it may decrease uterine contractions and/or close the 
fetal ductus arteriosus. In one study comparing the analgesic 
effect of ketorolac with meperidine, ketorolac was not found to 
be superior (40). Another study demonstrated potential 
adverse effects on neonatal platelet function (41). At present, 
there appears to be no benefit from the use of ketorolac for 
labor analgesia. 


Placental Transfer 

Virtually, all drugs administered maternally have the potential to 
transfer to the fetus. Several mechanisms are involved in the 
placental transfer of drugs from the maternal to fetal circulation, 
the more common of which being simple diffusion, facilitated 
diffusion, and active transport. Simple diffusion is governed by 
the Fick equation: 


Q/T = [kA(Cm—Cr)]/D 


Where Q/T is the rate of diffusion of a given drug and k is 
a diffusion constant determined by the lipid solubility, 
molecular configuration, and molecular weight. A is the area 
available for diffusion, Cm is the maternal blood concentra- 
tion, and Cp is the fetal blood concentration. D is the 
thickness of the diffusion membrane. Thus the size 
and thickness of the placental membrane along with 
variations in the distribution of vascular flow determine 
the rate of placental drug transfer. Other determinants 
include drug ionization, protein binding, and maternal and 
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fetal metabolism. Protein binding can be an important 
factor in drug transfer. Differences in protein binding in the 
maternal and fetal circulations may either inhibit or 
facilitate the degree of transfer. Variations in maternal 
blood concentrations of protein as may occur in various 
disease states may also influence drug transfer. Substances of 
smaller molecular size (less than 500 daltons) are more likely 
to transfer than larger molecules. Large polar compounds 
such as muscle relaxants that are used in general anesthesia 
transfer only in small amounts. 

The rate and degree of drug transfer are measured by 
comparing umbilical vein (UV) and maternal vein (MV) 
concentrations. UV drug concentration reflects the amount 
of drug transferred to the fetal circulation via the placenta. 
A UV/MV ratio close to 1 indicates a high degree of placental 
transfer. The degree of fetal drug distribution and metabo- 
lism is reflected by comparing the umbilical artery (UA) and 
UV concentrations of a drug. Thus a UA/UV ratio of 1 will 
indicate equilibrium between fetal drug delivery and fetal 
distribution. A UA/UV ratio of less than 1 will indicate 
continued fetal drug uptake and a UA/UV ratio greater than 1 
will indicate fetal elimination of drug via distribution into 
the maternal circulation. 

The placental transfer of morphine is rapid. UV to MV 
ratio is close to 1 at 5 minutes. Fetal heart rate (FHR) 
variability is often decreased following maternal administra- 
tion of morphine; however, fetal metabolism of morphine is 
high. Studies of morphine metabolism in the fetal 
baboon show that it is limited primarily by hepatic 
blood flow (42—44). Because the fetal exposure to morphine 
is short, it may actually be more beneficial than meperidine 
when used for systemic labor analgesia. 

Maternally administered intravenous meperidine appears in 
the fetal plasma within 2 minutes and reaches equilibrium in 
6 minutes. The UV/MV ratio increases with greater time 
following IM administration (21,22,45,46). Like morphine 
and other opioids, a decrease in FHR variability can be 
expected (47). However, variability is not effected during fetal 
movements or uterine contractions (48). 

Fentanyl rapidly crosses the placenta and is detectable in 
fetal blood within 1 minute (49). Depending on total dose, 
UV/MYV ratios of 0.05 to 0.76 have been reported. A decrease is 
FHR variability has been noted with a duration of approxi- 
mately 30 minutes (50). 

The UV/MV ratio for nalbuphine is reported to be 0.61 to 
0.74 (26,51,52). Fetal effects include decreases in frequency of 
accelerations, decreased FHR variability, and the appearance of 
sinusoidal patterns (53,54). In spite of these changes, the fetus 
will still respond to fetal acoustic stimulation (55). 

Butorphanol rapidly crosses the placenta. In fetal sheep, 
butorphanol can be detected within 1 minute of maternal 
administration (56). The UV to MV concentration ratio 
is 0.84. When compared with meperidine, there were no 
differences in effect on FHR (27). 


PARACERVICAL AND PUDENDAL BLOCKS 

Up until the mid-1970s, paracervical and pundendal blocks 
were frequently used in many centers for analgesia for labor 
and vaginal delivery. Paracervical block interrupts nerve 
transmission at the paracervical plexus. It provides several 
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hours or more of pain relief during the first stage of labor, 
depending on the local anesthetic used. During long labors, it 
may need to be repeated. Paracervical block is useful only 
during the first stage of labor. It is of no value during the 
second stage of labor. In the 1970s, multiple reports of fetal 
bradycardia began to appear. The mechanism was believed to 
be a transfer of large amounts of local anesthetic to the fetal 
circulation via the uterine artery. Other mechanisms that 
have been proposed are uterine artery vasospasm, UA 
vasospasm, and uterine hypertonus (57-60). Currently, 
paracervical block for labor analgesia is rarely used because 
of the concerns regarding adverse fetal effects. It may have 
some utility in special circumstances such as in patients with 
intrauterine fetal death who, in addition, have contra- 
indications to epidural analgesia. 

Pudendal anesthesia is achieved by blocking the pudendal 
nerve as it exits the pelvis at the ischial spine. It provides 
anesthesia to the perineum and lower one-third of the vagina. 
It is useful for late second-stage labor and vaginal delivery. It 
is of no value during the first stage of labor or for intrauterine 
manipulation. Because of the flexibility and reliability of 
epidural analgesia for both the first and second stages of 
labor, the use of pudendal block has been declining. It is 
rarely used at the University of Missouri, and the Mayo Clinic 
recently reported declining usage as well (61). Nevertheless, it 
is a valuable option when neuraxial analgesia is contra- 
indicated or unavailable. 


NEURAXIAL ANALGESIA 

Epidural analgesia has become a very successful and widely 
used technique for managing the pain of labor in the 
United States. In 1992, epidural analgesia was used in 
slightly greater than 50% of laboring women delivering in 
hospitals with greater than 1500 deliveries per year (62). 
Today, rates of 75% or greater are not uncommon. 
Continuous lumbar epidural analgesia provides pain relief 
that is superior to any other method of labor analgesia. 
Compared with parenteral opioids, epidural analgesia 
provides superior pain relief, greater maternal satisfaction, 
and less neonatal depression (63). Epidural analgesia has 
been shown to significantly decrease the stress response to 
labor. Stress indicators such as epinephrine, cortisol, 
and beta-endorphins decrease following epidural analge- 
sia (64-68). This can be important when dealing with 
patients with cardiac disease (see below). 

Epidural analgesia involves the placement of local anes- 
thetics often combined with low-dose opioids in the epidural 
space via a small-gauge catheter. The posterior epidural space 
is bound by the ligamentum flavum posteriorly and the dura 
anteriorly. Typically, the patient is placed in a sitting or lateral 
decubitus position. The lumbar approach is commonly used, 
most often L2 to L5. Following an aseptic technique with local 
anesthetic injected at the chosen interspace, an epidural needle 
is inserted into the epidural space utilizing a “loss of 
resistance” technique with a syringe filled with saline or air. 
An epidural catheter is then threaded into the epidural space 
and the needle is removed. The catheter is then secured and 
local anesthetic infused until an appropriate level of analgesia 
is achieved. Since the epidural catheter can be placed 
intravascularly or in the subarachnoid space, a test dose is 


33-4 


performed to rule out placement at these sites. A small dose of 
local anesthetic with epinephrine is injected via the catheter 
following careful aspiration. Typical test doses include 45 mg 
of lidocaine and 15 mcg of epinephrine. If injected IV the small 
dose of epinephrine will cause a transient maternal tachycar- 
dia. If injected into the subarachnoid space, the parturient will 
develop a limited motor block. Neither of these responses will 
occur if the catheter is in the epidural space. 

Utilizing an epinephrine containing test dose as a marker of 
intravascular catheter, placement is not always accurate, 
however. Colonna-Romano and colleagues showed that the 
epinephrine test dose has a 100% negative predictive value, but 
a 55% to 73% positive predictive value. They calculated that as 
many as 27% to 45% of epidural catheters with a positive 
epinephrine test dose would be unnecessarily removed (69). 
Other authors have questioned the value of an epinephrine 
containing test dose as a method of detecting an intravascu- 
larly placed epidural catheter (70,71). The catheter design may 
also affect the positive and negative predictive value of test 
doses. Closed-tip multiport catheters, which are popular 
among many anesthesiologists because of improved local 
anesthetic spread, may present problems with multi-compart- 
ment placement (72). Because of these limitations, anesthe- 
siologists have taken the position that every dose of a local 
anesthetic administered via an epidural catheter should be 
considered a test dose. Local anesthetics are therefore 
administered in small aliquots and the patient is observed 
for signs of toxicity (intravascular placement) or unexpected 
levels of motor block (subarachnoid placement). 

Once the epidural catheter is placed, secured, and tested, 
it is dosed with a low concentration of local anesthetic alone 
or in combination with an opioid to achieve a T10 level. This 
usually requires a bolus loading dose of volumes ranging 
from 8 to 16mL given in 5-mL aliquots. While intermittent 
single “top up” doses were given in the past for maintenance, 
continuous infusions are now almost universal. Patient- 
controlled epidural analgesia (PCEA) has gained popularity 
in a number of centers. Usually a background infusion of 
dilute local anesthetic with or without opioid is maintained 
and the patient is allowed to self-administer a “top up” dose 
with a predetermined lockout and hourly maximum volume 
programmed into a pump device. PCEA has been shown to 
improve patient satisfaction and decrease the number of 
anesthetic interventions with lower total volumes of local 
anesthetic than conventional continuous infusion techni- 
ques (73-75). A number of regimens for both continuous 
and PCEA techniques have been proposed, each with 
varying results. At the University of Missouri, PCEA is used 
almost exclusively. 

A modification of conventional epidural analgesia, the 
combined spinal—epidural (CSE) technique, has also been 
gaining usage at major centers over the past decade. Following 
placement of the epidural needle in the epidural space, a small- 
gauge pencil-point spinal needle is passed through the epidural 
needle and the dura is punctured. A small dose of preservative- 
free opioid or opioid local anesthetic combination is injected 
intrathecally. The epidural catheter is then passed through the 
epidural needle and tested. Analgesia is achieved rapidly and 
there is no need for a bolus loading dose of local anesthetic via 
the epidural catheter (76,77). Following placement and testing 
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of the epidural catheter, a maintenance infusion is begun. By 
the time the intrathecal dose has dissipated, the epidural 
infusion has reached a sufficient level to maintain satisfactory 
analgesia. 

The CSE technique has several distinct advantages. If an 
opiate alone is administered intrathecally, then there is no 
motor block and the patient is able to ambulate for a period of 
time, usually 90 to 120 minutes (the so-called walking 
epidural). Some institutions will follow the intrathecal dose 
with an ultralow concentration of local anesthetic with opioid 
and epinephrine adjuvants to allow continued ambula- 
tion (78,79). The CSE technique allows confirmation of 
epidural placement of the epidural needle, which may decrease 
the need for replacement of failed epidural catheters (80,81). A 
recent retrospective study suggested that the quality of 
analgesia obtained with a CSE technique is better than that 
obtained with a traditional epidural technique (82). Because of 
the rapid onset of analgesia when the CSE technique is used, 
patients with advanced labor may still be able to benefit from 
neuraxial analgesia. At the University of Missouri, patients 
rarely fail to receive neuraxial labor analgesia because it is “too 
late.” Comparisons of outcome of labor and complications 
between CSE and conventional epidural techniques have 
shown the two to be similar (83-85). A more recent study 
showed that when an epidural catheter is dosed for cesarean 
delivery, those catheters placed via a CSE technique are more 
likely to be successful than those placed via a traditional 
epidural technique (86). CSE is therefore used almost 
routinely at the University of Missouri. 

While epidural and CSE analgesia for labor have distinct 
advantages over other methods of labor pain management, 
absolute and relative contraindications exist. Patient refusal, 
untreated sepsis, frank coagulopathy, uncorrected hypovole- 
mia/hypotension, and infection at the injection site are the 
generally accepted absolute contraindications. Relative contra- 
indications may include uncooperative patient, neurologic 
disease, severe obstructive cardiac lesions, thrombocytopenia, 
and prior spine surgery. Fortunately, absolute contraindica- 
tions are rare and the greatest majority of parturients can 
benefit from neuraxial analgesia. 


Complications of Neuraxial Analgesia and Anesthesia 
Serious complications from epidural analgesia are rare, but 
include local anesthetic toxicity, high or total spinal anesthesia, 
epidural hematoma or abscess, and permanent neurologic 
injury. Less serious but more troublesome complications are 
hypotension and post-dural puncture headache. 


Local Anesthetics and Local Anesthetic Toxicity 

The local anesthetics most commonly used in obstetric 
anesthesia are bupivacaine, lidocaine, 2-chloroprocaine, ropi- 
vacaine, and levobupivacaine. Local anesthetics are composed 
of a lipophilic aromatic moiety and a hydrophilic amine 
moiety linked by either an amide or an ester intermediate 
chain. They are therefore classified as either amides or esters. 
Except for 2-chloroprocaine, all of the local anesthetics 
commonly used in obstetrics are in the class of amide local 
anesthetics. 2-Chloroprocaine is an ester local anesthetic. Of 
the above local anesthetics, bupivacaine is the most potent, 
most lipophilic, longest lasting and slowest in onset. Lidocaine 
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is intermediate in these characteristics and 2-chloroprocaine is 
the fastest in onset, least potent, least toxic, and shortest in 
duration. Bupivacaine has been popular as a local anesthetic 
for epidural labor analgesia because of its capacity to develop a 
“differential block,” meaning that it can provide greater 
sensory block with less associated motor block at low doses. 
Bupivacaine, however, has greater cardiotoxic potential than 
does lidocaine and has been the limiting factor in its use. 
Generally, seizures will occur during a local anesthetic toxic 
reaction prior to the onset of cardiac arrhythmias or arrest. 
However, the cardiotoxic to central neurotoxic plasma ratio 
for bupivacaine is higher than that for lidocaine, and with a 
rapid intravascular injection of bupivacaine, cardiac toxicity 
may be the first event. In addition, bupivacaine has a very slow 
washout from cardiac tissue and makes resuscitation difficult 
(87). Indeed, cardio-pulmonary bypass may be needed as a last 
ditch heroic measure (88). More recently, lipid emulsions have 
been used successfully to treat toxicity from local anesthetics, 
specifically bupivacaine (89). Some anesthesia units are now 
keeping intralipid on their resuscitation carts. It has been 
thought that pregnancy confers a greater sensitivity to the 
cardiotoxic effects of bupivacaine (90). This, however, has not 
been borne out in more recent studies (91). Ropivacaine and 
levobupivacaine are newer local anesthetics that are related to 
bupivacaine. While potencies may vary from bupivacaine, they 
are less cardiotoxic (91). As a result, ropivacaine has become 
popular in obstetric anesthesia. Concentration of 0.1% or 
0.2% ropivacaine with additional opiate is used almost 
exclusively for labor epidural analgesia at the University of 
Missouri. 

In the event of a toxic reaction, seizures should be 
controlled with either propofol, midazolam, or thiopental; 
the airway should be controlled with endotracheal intuba- 
tion; ventilation should be supported if necessary; and the 
parturient should be placed in left lateral uterine displace- 
ment position. Supplemental oxygen should be adminis- 
tered and fluids be begun. Blood pressure should be 
supported with additional fluids and vasopressors. Further 
therapy depends on the results of initial treatment. 
The administration of intralipid in the face of bupivacaine 
toxicity is worthy of serious consideration. Cardio-pulmonary 
resuscitation should be performed in the left lateral 
position to facilitate venous return and maintain utero- 
placental blood flow. 


Hypotension 

Epidural analgesia has the potential of creating a sympathetic 
block and subsequent hypotension. This is primarily 
dependent on the level of block and the rate of administra- 
tion. It is therefore common practice that patients are 
prehydrated with 500 to 1000mL of crystalloid immediately 
prior to initiation of epidural analgesia. In some cases, a 
colloid such as hetastarch may be used. The need for routine 
prehydration with currently used epidural and CSE techni- 
ques, however, has been questioned (92). This may be 
important when caring for patients with conditions mandat- 
ing limited fluid administration. Clinically significant 
hypotension that is otherwise asymptomatic to the mother 
may manifest itself as late decelerations of the FHR or fetal 
bradycardia. Treatment includes left uterine displacement to 
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increase venous return, cardiac output and uterine blood 
flow, intravenous fluids, and judicious administration of 
vasopressors and oxygen. Ephedrine is the vasopressor of 
choice. It is both an alpha and a beta receptor agonist and has 
the potential of causing maternal tachycardia. When 
maternal tachycardia preexists or is undesirable, then 
phenylephrine, a pure alpha agonist, can be used. 


FHR Changes 

Not long following the introduction of CSE analgesia for labor, 
reports of sudden fetal bradycardia appeared. This was 
believed secondary to the rapid onset of analgesia with a 
subsequent drop in circulating catecholamines, resulting in 
uterine disinhibition and markedly increased uterine activity 
(93). Subsequent studies comparing the fetal effect of CSE 
analgesia versus conventional epidural analgesia had varying 
results. A systematic review in 2002, however, demonstrated 
that there was indeed an increased risk of fetal bradycardia 
following CSE analgesia compared with convention epidural 
analgesia. Surprisingly, there was no increased risk of cesarean 
section with CSE, nor was there an increased risk of cesarean 
delivery in yet another large study of the use of CSE (94,95). 
Another study in 2004, however, compared the incidence of 
fetal bradycardia among three groups of patients. Group 1 
received a conventional epidural, group 2 received a CSE 
regimen consisting of low-dose intrathecal bupivacaine and 
low-dose opioid, and Group 3 received a CSE regimen of only 
high-dose intrathecal opioid. There was no difference in the 
incidence of fetal bradycardia between groups 1 and 2, but 
there was a higher incidence of fetal bradycardia in group 3. 
The authors recommended limiting the amount of opioid 
administered intrathecally (96). At the University of Missouri, 
we therefore use a combination of 3mL of isobaric ropivacaine 
0.1% and 6ug of fentanyl intrathecally in our CSE regimen. 
When fetal bradycardia does occur following CSE secondary to 
uterine hyperactivity, we treat with either terbutaline or 
sublingual nitroglycerin, both of which have been reported to 
be effective (93,97,98). 


Accidental Dural Puncture 

Accidental dural puncture (ADP) is not an uncommon 
complication of epidural analgesia. The rate may vary from 
0.6% to 4.2% in training institutions (83,99). ADP would not 
necessarily present a problem were it not for the 70% post- 
dural puncture headache rate associated with the use of 
18-gauge epidural needles (100,101). Post-dural puncture 
headache (spinal headache) typically presents approximately 24 
to 48 hours following dural puncture. It is rare for symptoms to 
appear before 24 hours. Patients typically present with a fronto- 
occipital headache that may be described as throbbing and 
severe with associated posterior cervical pain or stiffness. The 
headache will be totally or nearly totally gone with the supine 
position and reappear within minutes of obtaining an erect 
position. It cannot be overly stressed that the hallmark of a 
post-dural puncture headache is its positional nature. Almost 
universally, the relief of headache is very noticeable when 
taking the supine position. The headache is believed to be 
secondary to low cerebrospinal fluid (CSF) pressure when 
erect causing traction on meninges and/or reactive cerebral 
vasodilation (102,103). 
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Post-dural puncture headache can mimic other more 
serious conditions, which may include intracranial hemor- 
rhagic disorders, mass lesions and cortical venous throm- 
bosis (104-106). Not all postpartum headache is a post-dural 
puncture headache. Patients who do not present with classic 
features of a post-dural puncture headache should be 
evaluated with further studies such as MRI or CT scanning 
of the central nervous system. 

Post-dural puncture headache can be very debilitating. 
While the nonpregnant patient recovering from surgery or 
illness may tolerate long periods of bed rest, the parturient 
must be able to care for an infant. Inability to maintain an 
erect posture may interfere with breast-feeding. Treatment of 
post-dural puncture headache in the obstetric patient popula- 
tion may therefore carry greater importance than that in the 
rest of the population. 

Typical conservative measures of treatment include bed 
rest, hydration, caffeine, opioids, and nonsteroidal anti- 
inflammatory analgesics. Caffeine has vasoconstrictive prop- 
erties that counteract the presumed vasodilation that occurs 
reactively to low CSF pressures. Sumatriptan, another 
medication with vasoconstrictor properties used to treat 
migraine headache, has been shown to be effective in one 
study but ineffective in another (107,108). Generally, it has 
not been used as a first-line drug for post-dural puncture 
headache in the obstetric population. 

Epidural blood patch is considered the definitive treatment 
for post-dural puncture headache. The technique involves 
the injection of 10 to 20mL of autologous blood in the 
epidural space near the original epidural puncture site. Its 
effectiveness has been reported to be as high as 97% (109). 
A long-term follow-up study of nonobstetric patients, 
however, showed that only 61% of patients had a permanent 
resolution of headache despite an initial success rate of 88% 
to 96% (110). More recently, a study in an obstetric 
population showed that only 15% required a repeat blood 
patch (111). Epidural blood patch has a long history of 
effectiveness and safety. Nevertheless, if a patient should 
require more than two blood patches, a search for another 
cause of headache should be made. 


Other Complications 

High spinal anesthesia is a potentially lethal complication. 
Large volumes of local anesthetics are required to establish 
adequate labor analgesia for both the first and second stages 
of labor. An accidental intrathecal injection of a large volume 
of local anesthetic has the potential of causing respiratory 
arrest, hypotension, and even cardiac arrest. Treatment is 
supportive and requires respiratory assistance including 
tracheal intubation, fluids, and vasopressors until the block 
recedes. Careful use of an appropriate test dose prior to 
dosing the epidural catheter will markedly decrease the 
likelihood of this complication. 

Epidural abscess and epidural hematoma are very rare 
complications that can be devastating if not diagnosed in a 
timely manner. Both present as mass spinal lesions with pain, 
sensory and/or motor loss, and, in the event of abscess, fever. 
Both almost always require surgical drainage. The risk of 
abscess can be decreased by paying close attention to sterile 
technique and by avoiding neuraxial analgesia/anesthesia in 
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the face of untreated bacteremia or septicemia. Epidural 
hematoma can be minimized by avoiding neuraxial regional 
analgesia/anesthesia in the patient at risk for coagulopathy. 

Peripheral neuropathies are not rare in the obstetric patient 
population. When these problems occur in a patient who has 
had epidural analgesia, the anesthesiologist is often consulted. 
Lower extremity peripheral neuropraxia can result from 
stretch or compression lesions that occur during labor and 
delivery. Foot drop, quadriceps weakness, weak hip adduction, 
and meralgia paresthetica can result from lumbosacral trunk 
or peroneal nerve, femoral nerve, obturator nerve, and lateral 
femoral cutaneous nerve injury, respectively. Peroneal nerve 
injury can result from nerve compression at the knee due to 
positioning equipment. Femoral and lateral femoral nerve 
injury can result from prolonged hip flexion during the second 
stage of labor. If the patient has a dense epidural block at that 
time, she may not complain of pain or numbness with 
overzealous hip flexion. Detailed and conscientious evaluation 
will help differentiate peripheral obstetric neuropathies from 
direct nerve root or spinal cord injuries (112). Early neurology 
consultation and spine imaging may elucidate the etiology and 
direct appropriate treatment in a timely manner. 


Epidural Analgesia and the Progress of Labor 
The effect of epidural analgesia on the progress and outcome 
of labor has, in the past, been controversial. Retrospective 
studies have demonstrated an increased risk of cesarean 
delivery when epidural analgesia was utilized (113). Subse- 
quent prospective randomized studies, however, did not show 
any significant difference in the cesarean delivery rate when 
patients were randomized to receive either epidural or 
parenteral analgesia (114,115). While prospective randomized 
studies provide good data, problems still exist. Patients do not 
always stay in their assigned group, leading to “intent to treat” 
analyses. Retrospective “sentinel” event studies overcome this 
confounding factor. These studies examine the cesarean 
delivery rate before and after the institution of an “on 
demand” epidural analgesia service (116). While retrospective 
in nature, there are no selection biases and no opportunity for 
patients to drop out of a study group. Results of these studies 
show that there is no increase in cesarean delivery rate when 
there is a sudden increase in the utilization of epidural 
analgesia. One study in particular did offer an interesting 
insight. While there was no change in cesarean delivery rate 
with a marked increase in epidural analgesia overall, it was 
noted that following the institution of epidural analgesia on 
demand, those women who went on to cesarean delivery for 
dystocia were approximately eight times more likely to have 
had an epidural. The authors concluded that dystocia is more 
painful and women who request epidural analgesia are already 
at risk for cesarean delivery for dystocia (117). This result may 
explain why retrospective studies that examined cesarean 
delivery rates in institutions where epidural analgesia services 
were well established showed higher rates of cesarean delivery 
in association with epidural analgesia. Patients who request 
epidural analgesia are different from those who do not. 
Epidural analgesia is therefore a risk marker, not a risk factor. 
While epidural analgesia does not increase the risk of 
cesarean delivery for dystocia, it does slow labor. A meta- 
analysis of randomized trials published in 1998 concluded 
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that, overall, the first stage of labor increased by 42 minutes 
and the second stage of labor by 14 minutes (114,118). A more 
recent study concluded that while the first stage of labor is not 
prolonged, the second stage is (119). Not only does epidural 
analgesia not increase the incidence of cesarean delivery for 
dystocia but neither does the timing of epidural placement. A 
study published in 2005 examined the cesarean delivery rate of 
early (less than 4cm dilatation) versus late epidural placement 
and found no difference in the cesarean delivery rate for 
dystocia. Indeed, patients who had early CSE analgesia had 
shorter labors (120). At the University of Missouri, women are 
not required to reach a preset cervical dilatation before 
epidural analgesia is administered. This position is supported 
by the American College of Obstetricians and Gynecologists, 
which has recently stated: 


. the decision of when to place epidural analgesia 
should be made individually with each patient, with 
other factors, such as parity, taken into consideration. 
Women in labor should not be required to reach 
4—5cm of cervical dilatation before receiving epidural 
analgesia (121). 


Epidural Analgesia and Maternal Fever 

A rise in maternal temperature has been associated with the 
use of epidural analgesia (122). Studies that are retrospective 
and/or nonrandomized are likely to be biased because factors 
that lead to increased requests for epidural analgesia such as 
long labors complicated by dystocia are also likely to lead to 
maternal fever. Nevertheless, prospective randomized trials 
have shown that a rise in maternal temperature can occur in 
association with epidural use in the absence of infection (123). 
The reasons are unclear and have been attributed to alterations 
in vascular responsiveness and thermoregulatory control. 
Parturients who shiver immediately following induction of 
epidural analgesia are more likely to develop an earlier and 
greater rise in temperature than those who do not (124). While 
mild to modest increases in maternal temperature may not 
have significant physiologic significance, it has led to increases 
in neonatal sepsis evaluations (125). When criteria for 
neonatal sepsis evaluations are better refined, however, 
there are no increases in sepsis evaluations of neonates born 
to women with epidural-associated fevers (126). Currently, the 
wide use of epidural analgesia does not seem to be negatively 
effected by concerns regarding the association of epidural use 
and maternal fever (119). 


ANESTHESIA FOR CESAREAN DELIVERY 
The cesarean delivery rate in the United States has steadily 
increased during the past several decades. In high-risk tertiary 
care institutions, rates have climbed higher than 30% (127). 
In 1981, general anesthesia was used more often than either 
epidural or spinal anesthesia in larger institutions (>1500 
deliveries per year). By 2001, only 3% of elective cesarean 
deliveries were performed under general anesthesia, the 
remainder utilizing either spinal or epidural anesthesia (128). 
These data underscore the preference for regional anesthe- 
sia for cesarean deliveries. Significant advantages exist over 
general anesthesia: an awake mother with spontaneous 
respirations and ability to control the airway with a lower 
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risk of aspiration, contracted gut, more complete muscular 
relaxation, and an opportunity to provide excellent post- 
operative analgesia with the use of spinal opiates. 

From 1979 to 1990, the maternal mortality rate from 
anesthesia-related causes for patients undergoing cesarean 
delivery in the United States steadily decreased for regional 
anesthesia but remained approximately the same for general 
anesthesia. By 1990, the relative risk of death from anesthesia- 
related causes in cesarean delivery patients was 16.7 for general 
versus regional anesthesia (129). By 1996, the relative risk 
decreased to 6.7 (130). The major risks from general 
anesthesia are primarily inability to intubate, inability to 
ventilate and aspiration. Pregnant patients at term and in labor 
are considered to be individuals with “full stomachs” due to 
increased gastric emptying time. In addition, pregnant patients 
at term are more likely to present with “difficult airways” that 
cannot be intubated by conventional means or ventilated 
(131). Because term pregnant patients are considered to have 
“full stomachs,” general anesthesia must be administered via a 
“rapid sequence” induction technique. With patients who are 
not at risk for aspiration, anesthesia is generally induced with 
an intravenous agent that usually renders the patient apneic. 
An attempt at mask ventilation is made and, if successful, a 
muscle relaxant is administered and mask ventilation is 
continued until the patient is ready for intubation. During 
this time, aspiration is possible since airway reflexes are 
obtunded and the airway is unprotected. This event is 
extraordinarily rare, however, in patients who have no risk 
factors for aspiration such as morbid obesity, full stomachs or 
trauma. In patients who are at risk of aspiration, such as 
pregnant women, an induction agent is administered and 
immediately followed with a rapidly acting muscle relaxant 
and intubation without first testing the airway with mask 
ventilation. Cricoid pressure is applied to reduce the chance of 
regurgitation. This technique, known as the rapid sequence 
induction, diminishes the time that the airway is unprotected 
and is therefore the standard technique used for patients who 
are at risk of aspiration. Patients who are unexpectedly found 
to have an airway that cannot be intubated or ventilated at this 
time, however, become susceptible to hypoxic injury or death. 
For this reason, all pregnant patients at risk for cesarean 
delivery should have their airways evaluated. At the University 
of Missouri, all patients admitted in labor are examined 
regardless of the anticipated need for analgesia/anesthesia. 
This allows the anesthesiologist to identify in advance patients 
who may have a “difficult airway.” Plans to avoid or limit the 
likelihood of general anesthesia for a “stat” cesarean delivery 
can then be made in advance for these at risk patients. 


General Anesthesia 

Despite the increased risks of general anesthesia over regional 
anesthesia, it still has indications and some advantages under 
specific circumstances. It can be administered quickly and 
reliably. Uterine relaxation responds to potent inhalation 
anesthetics (e.g., sevoflurane, isoflurane, and desflurane) in a 
dose-dependent manner. When marked uterine relaxation is 
required such as with in utero fetal surgery, intrauterine 
manipulations, and placental extractions, general anesthesia 
with potent inhalational anesthetics is reliable and effective. 
General anesthesia is most often chosen either because of 
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coexisting contraindications to regional anesthesia or because 
circumstances do not allow time to establish a sufficient level 
of regional anesthesia. 

The usual technique for general anesthesia for cesarean 
delivery is to administer a non-particulate clear antacid 
shortly prior to induction. The patient is then placed in 
supine position with left uterine displacement, standard 
monitors are applied, and the patient is pre-oxygenated with 
four or five vital capacity breaths of 100% oxygen. Cricoid 
pressure is then applied just prior to induction with an 
intravenous agent such as propofol or thiopental and 
followed immediately with the administration of the rapid- 
onset, short-acting muscle relaxant succinylcholine. Follow- 
ing approximately 60 seconds, the trachea is orally intubated. 
Once intubation is confirmed via breath sounds and end- 
tidal CO}, the cricoid pressure can be released and incision 
made. Potent inhalational agents are usually continued at low 
concentrations with or without the addition of nitrous oxide. 
Pregnancy confers a greater sensitivity to anesthetics, which is 
fortuitous because inhalational agents cause uterine relaxa- 
tion in a dose-dependent manner. At low concentrations of 
inhalational agents, oxytocin can still be effective in 
providing uterine contractility and hemostasis. When 
necessary, the potent inhalational agent can be discontinued. 
Nitrous oxide does not cause uterine relaxation and can be 
initiated or continued with the addition of narcotics, 
benzodiazepines, and muscle relaxants. In order to decrease 
the risk of aspiration upon emergence, the patient should be 
extubated when sufficiently awake such that airway protec- 
tive reflexes are intact and the risk of laryngospasm is low. 

A misconception that many obstetricians have is that time is 
of the essence in performing a cesarean delivery under general 
anesthesia. Uterine incision to delivery time is more important 
in neonatal outcome than induction to delivery time. With 
regional anesthesia, neonates do not become acidotic until 
greater than 3 minutes have elapsed following uterine 
incision (132). Induction agents used for general anesthesia 
do not anesthetize the neonate when usual doses are given. The 
reasons for this are multifactorial and include dilution of the 
induction agent with blood from the fetal vena cava, first-pass 
fetal hepatic metabolism, and fetal shunting. Furthermore, in 
sheep models, a period of 15 to 20 minutes is required for 
isoflurane administered to the ewe to reach full anesthetizing 
levels in the fetal circulation (133). Even if a prolonged 
induction to delivery time is required, as long as maternal 
blood pressure and oxygenation are maintained, an anesthe- 
tized but not severely acidotic neonate is likely to be delivered 
as long as fetal distress was not present at the time of induction 
and uterine incision to delivery time was less than 3 minutes. It 
is probably better for the obstetrician to take sufficient time to 
perform a careful operation than risk maternal injury for fear 
of delivering an anesthetized infant. 


Spinal Anesthesia 

Spinal anesthesia is more correctly termed intrathecal or 
subarachnoid anesthesia as the local anesthetic drug is injected 
through the dura—arachnoid into the CSF below the terminal 
end of the spinal cord. The most common interspaces chosen 
are the L3—4 or L4—5 levels. Hyperbaric bupivacaine is most 
commonly used in the United States. A dosage of 12mg 
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reliably offers a sufficient level of anesthesia to keep the patient 
comfortable, although some practitioners may use slightly 
more or less than 12mg (134,135). This dosage may be less 
than what is commonly used in the nonobstetric patient 
population as pregnancy confers greater sensitivity to local 
anesthetics. In addition, engorged epidural vasculature may 
lead to lower spinal CSF volumes. While a lower abdominal 
incision is utilized in cesarean deliveries, a T4 anesthetic level is 
required for lower abdominal intraperitoneal operations. Pain 
from peritoneal traction may be referred to mid or upper 
thoracic levels. Testing the level of anesthesia at the lower 
abdomen prior to incision will therefore not guarantee a 
sufficient level of anesthesia once the peritoneal cavity is 
entered. A single injection spinal anesthetic utilizing 12mg of 
hyperbaric bupivacaine will provide 90 to 120 minutes of 
anesthesia. 

Hypotension is the most common side effect of spinal 
anesthesia and can be limited but not completely prevented by 
prehydration with 1000 to 1500mL of crystalloid administered 
immediately prior to induction. The use of colloid may be 
more effective (136). When fluid administration is insufficient 
to prevent or treat hypotension, vasopressors are often 
required. In the past, ephedrine had been the drug of choice. 
Ephedrine has both alpha and beta agonist properties. 
Phenylephrine, however, is a pure alpha vasoconstrictor and 
was once considered to be potentially harmful as it was shown 
in sheep models that potent vasoconstrictors decrease uterine 
blood flow (137). More recently, it has been determined that, 
clinically, phenylephrine does not have deleterious fetal/ 
neonatal effects when administered judiciously. Indeed, 
infants born to mothers receiving phenylephrine have higher 
umbilical cord arterial blood pH levels than those treated with 
ephedrine (138). Another troublesome side effect from spinal 
anesthesia is post-dural puncture headache. The use of small- 
gauge pencil-point needles, however, has reduced the 
incidence of post-dural puncture headache to an acceptable 
rate of 0.5% to 1% (139). In a 2001 survey, spinal anesthesia 
was the most commonly used anesthetic technique for elective 
cesarean delivery. Even for emergent cesarean deliveries, spinal 
anesthesia was used 45% to 59% of the time (128). 


Epidural Anesthesia 

Epidural anesthesia for cesarean deliveries is most often used 
for women who have been in labor with an active epidural 
analgesic already in place. The level of the block can be 
intensified and extended by dosing the catheter with 2% 
lidocaine with epinephrine, 3% 2-chloroprocaine, 0.5% 
bupivacaine, or 0.5% ropivacaine. Epidural anesthesia has 
the advantage of titration of the level of block, slower onset 
with greater ability to manage hypotension, and flexibility. The 
epidural catheter can be re-dosed as needed for procedures 
that end up being longer than anticipated. Lidocaine 2% with 
epinephrine 1:400,000 or 1:200,000 is probably the drug most 
often used. It is relatively rapid in onset and of intermediate 
duration lasting 90 to 120 minutes. 2-Chloroprocaine 3% has 
an onset time within 8 minutes or less in laboring patients with 
preexisting epidural catheters and can be used for urgent 
cesarean deliveries (140). It is rapidly metabolized in maternal 
serum with little transfer and accumulation in an acidotic 
fetus (141). 2-Chloroprocaine has a shorter duration of action, 
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however, lasting 40 to 50 minutes. When used, it must be 
followed up with additional local anesthetic, most often 2% 
lidocaine. 2-Chloroprocaine may interfere with the effective- 
ness of subsequently administered bupivacaine or epidurally 
administered opioids (142,143). 

Epidural anesthesia for cesarean delivery may not be as 
reliable as spinal anesthesia. Incomplete or “patchy” block may 
limit its usefulness. This may require extra time to allow 
further distribution of the local anesthetic. The addition of 
epidural adjuvants such as fentanyl may be helpful. Intrave- 
nous additives such as opioid, small judicious doses of 
propofol, or ketamine may also be required. The anesthesiol- 
ogist must be careful not to obtund the patient’s airway 
reflexes. Ketamine in small doses is often useful under these 
circumstances as it provides profound amnesia and analgesia. 
It can cause dysphoria and therefore requires the addition of 
midazolam to limit this unpleasant side effect. When epidural 
anesthesia is ineffective, general anesthesia may be necessary. 
From the standpoint of airway protection, general endotra- 
cheal anesthesia is the most conservative approach to take. 
Ineffective or incomplete epidural anesthesia during cesarean 
delivery can be avoided if the effectiveness of the labor epidural 
is carefully evaluated prior to cesarean delivery. If there is any 
question, then proceeding to spinal anesthesia or repeat 
placement of the epidural catheter is in order (144). 

If spinal anesthesia is chosen immediately following failed or 
unsuccessful epidural anesthesia, then caution must be taken to 
avoid a high spinal block, which may render the patient 
hypotensive and/or apneic. The reasons for this may be related 
to an already existing partial block or compression of the 
intrathecal sac from epidurally administered fluid. A downward 
adjustment of local anesthetic dose may therefore be neces- 
sary (145). If the anesthesiologist chooses to replace the epidural 
catheter, the potential for local anesthetic toxicity must be kept 
in mind as large doses of local anesthetic are typically used. 


CSE Anesthesia 

CSE anesthesia offers the advantages of both the techniques for 
cesarean delivery. Spinal anesthesia provides a more rapid 
onset and more reliable block than does epidural anesth- 
esia (146). Because of its rapid onset, however, maternal 
hypotension may be problematic. In addition, spinal anesthe- 
sia provides a fixed time period of anesthesia. Should the 
operative time run beyond the length of the spinal anesthetic, 
then general anesthesia may be required for the remainder of 
the procedure. CSE anesthesia allows for the use of lower doses 
of spinal anesthetic, minimizing maternal hypotension, and 
has the flexibility to extend and prolong the duration of the 
block via epidural “top-ups” during the procedure (147,148). 
At the University of Missouri, we often use CSE anesthesia 
when a longer than usual procedure is anticipated such as 
multiple prior cesarean deliveries, morbid obesity, or antici- 
pated cesarean hysterectomy. The more favorable hemody- 
namics and reliability of CSE anesthesia have allowed regional 
anesthesia to be utilized in patients with severe pre-eclampsia 
and obstructive cardiac lesions (149-151). 


Post-cesarean Pain Management 
The increasing use of regional anesthesia for cesarean delivery 
has been paralleled with an increasing use of spinal opioids for 
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the management of postoperative pain. Postoperative pain 
following cesarean delivery is unique in that the parturient 
must care for a newborn infant as well as for herself. Parenteral 
opioids have a long history of effectiveness, but can be 
associated with troublesome side effects, particularly somno- 
lence. Spinal opioids administered epidurally or intrathecally 
can provide effective pain relief with a minimum degree of 
somnolence. Preservative free morphine is probably the most 
commonly used drug in the United States. It can be 
administered intrathecally at the time of spinal anesthesia or 
via the epidural catheter during or immediately following 
cesarean delivery. A single dose of morphine, 2 to 5mg, 
administered via an epidural catheter will provide pain relief 
for up to 24 hours (152). While a portion of the morphine 
administered into the epidural space will be absorbed into the 
vasculature and redistributed to the CNS, the remainder will 
transfer directly to the CSF and bind to mu receptors at the 
spinal cord level. Stimulation of mu receptors in turn blocks 
the transmission of nociceptive signals to higher levels (153). 
Administered intrathecally at the time of spinal anesthesia, 
small doses of morphine, ranging from 0.1 to 0.25mg, will 
provide analgesia for 18 to 24 hours (154,155). Unlike local 
anesthetics, spinal opiates do not cause motor block and allow 
for early ambulation. 

Other opiates have been used in place of or in addition to 
morphine. Meperidine and hydromorphone have also been 
used successfully (156,157). Fentanyl is more lipid soluble than 
morphine. It quickly binds to mu receptors at the spinal cord 
level and is of much shorter duration lasting only a few hours. 
It is usually used as an adjunct to local anesthetics during 
cesarean delivery. If it is to be used at all for postoperative pain 
relief, it is usually added to a continuous epidural infusion of 
low-concentration local anesthetic. 

While effective in providing pain relief, spinal opiates are 
not without troubling side effects. Nausea and vomiting, 
pruritus, and respiratory depression can complicate an 
otherwise excellent method of postoperative analgesia. These 
side effects are primarily mediated by mu receptors. Mu 
antagonists can therefore be used for treatment when side 
effects become particularly bothersome. It is important to note 
that pruritus from spinal opiates is not primarily histamine 
mediated. Antihistamines are therefore less likely to be 
effective in treating pruritus than mu antagonists. Low-dose 
naloxone either as a bolus or continuous intravenous infusion 
can effectively treat side effects without diminishing analge- 
sia (158). Agonists—antagonists such as nalbuphine have also 
been used successfully (159). 

Of the side effects that can occur with the use of spinal 
opiates, respiratory depression is the most concerning. 
Fortunately, most obstetric patients are young and healthy 
with a very low incidence of significant respiratory depression 
following the use of spinal opiates (152). Nevertheless, it is 
prudent to follow these patients closely with hourly nursing 
checks and/or continuous pulse oximetry. It is important to 
note that with spinal morphine, respiratory depression may be 
delayed by up to 12 hours following administration. Most 
anesthesiologists therefore wish to be consulted before any 
sedative drugs are administered to patients who have received 
spinal morphine during the first 24 postoperative hours. While 
side effects and the fear of respiratory depression may be 
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disconcerting, spinal opiates have become the mainstay of 
postoperative pain management following cesarean delivery in 
the United States. 


ANESTHESIA FOR THE HIGH-RISK PATIENT 

Of the myriad complications of pregnancy that have anesthetic 
implications, pre-eclampsia and deteriorating fetal status (fetal 
distress) are among the more common. In prior decades, 
patients with congenital heart disease did not often survive to 
reproductive age. Currently, however, more and more patients 
are living to childbearing age and it is becoming more 
common to encounter patients with corrected or partially 
corrected congenital heart lesions. With the obesity epidemic 
making its way into an ageing obstetric population, we can 
expect to see an increase in the frequency of cardiovascular 
diseases complicating pregnancy. 


Pre-eclampsia/Eclampsia 

Hypertensive disorders complicate 5% to 10% of pregnan- 
cies. While pre-eclampsia affects multiple systems, the 
cardio-pulmonary, hepatic, coagulation, and airway systems 
are of particular interest to the anesthesiologist. Patients 
with severe pre-eclampsia are intravascularly volume 
depleted even though there may be a positive water and 
sodium balance. Intravascular volume depletion may pre- 
sent a challenge to the anesthesiologist providing regional 
analgesia for labor or anesthesia for cesarean delivery. In 
addition, most patients with severe pre-eclampsia have some 
degree of increased systemic vascular resistance with varying 
degrees of cardiac function ranging from hyperdynamic to 
normal to impaired (160). In the past, epidural analgesia for 
labor was controversial in patients with severe pre-eclampsia 
because of the concern for marked reductions in blood 
pressure and utero-placental blood flow. Epidural analgesia, 
however, has been shown to provide superior pain relief, 
decrease blood pressure, decrease catecholamine levels, and 
improve utero-placental blood flow (161,162). Marked 
drops in blood pressure can be prevented with judicious 
use of crystalloids and or colloids for prehydration and 
treated with small doses of ephedrine. Indeed, in a 2001 
study, the incidence of hypotension requiring treatment was 
only 11% (163). In patients whose severe pre-eclampsia is 
complicated by pulmonary edema and/or oliguria, further 
studies including invasive central monitoring and/or echo- 
cardiography may be indicated before initiating epidural 
analgesia. 

General anesthesia for cesarean delivery in patients with 
severe pre-eclampsia can be particularly hazardous. An 
edematous airway can make intubation difficult or impossible, 
posing a serious threat to maternal safety. Tracheal intubation 
during general anesthesia is very stimulating and can be 
associated with dangerously high blood pressures placing the 
patient at risk for intracranial hemorrhage. For these reasons, 
regional anesthesia is the preferred method of anesthesia in 
patients with severe pre-eclampsia. When general anesthesia is 
necessary, blood pressure should be controlled with additional 
doses of antihypertensives. The response to intubation can be 
blunted with opioids and/or intravenous lidocaine just prior to 
induction. Awake intubation may be necessary to avoid the 
very dangerous cannot-intubate/cannot-ventilate scenario. 
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In the past, spinal anesthesia was not recommended in 
patients with severe pre-eclampsia undergoing a cesarean 
delivery. Many anesthesiologists believed that spinal anesthesia 
would lead to difficult-to-treat hypotension. More recent 
studies however have shown that the incidence or severity of 
hypotension is no greater in severe pre-eclamptic patients 
having spinal anesthesia than epidural anesthesia (164). It is 
interesting to note that a study as far back as 1950 
demonstrated that severe pre-eclamptic patients were more 
resistant to hypotension following spinal anesthesia than were 
normal patients (165). At the University of Missouri, spinal 
anesthesia is frequently administered to patients with severe 
pre-eclampsia undergoing cesarean delivery. 

The coagulopathy that may accompany severe pre-eclampsia 
is another major concern to the anesthesiologist. Uncorrected 
severe coagulopathy is an absolute contraindication to regional 
analgesia/anesthesia for fear of traumatizing the epidural 
vasculature, which in turn may lead to the formation of an 
epidural hematoma. Most anesthesiologists will place an 
epidural catheter or perform a spinal anesthetic with platelet 
counts above 100,000/mm* in the absence of any clinical 
evidence of abnormal bleeding. There is no absolute cutoff for 
platelet counts below which regional anesthesia is contra- 
indicated. Regional analgesia/anesthesia has been safely perfor- 
med in parturients with platelet counts as low as 50,000/mm? to 
69,000/mm? when other coagulation indices are normal and 
there is no clinical evidence of abnormal bleeding (166,167). 
The decision to perform regional analgesia/anesthesia in a 
patient with thrombocytopenia, however, must always be made 
on an individual basis keeping the risk/benefit ratio in mind. It 
is also worthwhile to keep in mind that epidural hematomas are 
very rare in the pregnant patient population. Difficult airways, 
unfortunately, are not. 

Early anesthesia consultation is recommended when the 
obstetrics service admits a patient with severe pre-eclampsia. 
This is particularly true in patients who are at risk for an 
emerging coagulopathy. Many obstetric anesthesiologists are 
now advising early epidural placement when the patient is 
committed to delivery. As the disease progresses, regional 
anesthesia may not be possible further in labor if a 
coagulopathy is already well established. An epidural catheter 
placed early in labor can be continued even if the platelet count 
drops to very low levels. Not only would this allow the patient 
to receive the benefit of epidural analgesia for labor, but in the 
event of cesarean delivery, the epidural catheter can also be 
dosed to a surgical level of anesthesia and avoid the much 
greater hazards of general anesthesia. 


Deteriorating Fetal Status 

The term “fetal distress” is imprecise and nonspecific. Its use 
can often lead to unnecessary haste, placing both the mother 
and the fetus at risk for complications and medical errors. The 
American College of Obstetricians and Gynecologists has 
recommended that the term “fetal distress” be replaced with 
“non-reassuring fetal status” with further descriptors clarifying 
the abnormality or presumed etiology (168). Either regional 
anesthesia or general anesthesia can be used for cesarean 
deliveries performed for non-reassuring fetal status with 
comparable outcomes (169). In instances of non-reassuring 
fetal status, the degree of urgency and time limitations often 
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determine the choice of anesthesia. Some practitioners have 
the perception that general anesthesia can be administered 
more rapidly than regional anesthesia and have encouraged its 
use when “fetal distress” is diagnosed. It must be kept in mind, 
however, that the risk of maternal mortality from anesthetic 
causes is significantly greater for general anesthesia than 
regional anesthesia (130). Recognizing the increased maternal 
risks of general anesthesia versus regional anesthesia, the 
American College of Obstetricians and Gynecologists has 
recently stated: 


The significant added morbidity of general anesthesia 
over regional anesthesia for cesarean delivery suggests 
that regional anesthesia is the preferred method of 
pain control and should be used unless a contra- 
indication to regional anesthesia is present. Although 
general anesthesia may be indicated in some cases of 
fetal heart rate abnormality, the severity of the 
abnormality should be considered before incurring 
the excess risk of maternal morality associated with 
general anesthesia (170). 


Inability to intubate and aspiration of gastric contents 
present the greatest risk of general anesthesia to the 
parturient. The incidence of failed intubation has been 
estimated to be as high as 1 in 250 patients (171). When 
patients at risk for failed intubation are identified, close 
communication among obstetric and anesthesia team 
members is critical. These patients may benefit from early 
epidural catheter placement. When anesthesia team members 
are notified early in the process of initiating a “stat” cesarean 
delivery, dosing a well-established labor epidural catheter for 
cesarean delivery can be performed nearly as rapidly as 
general anesthesia (172). When an unexpected difficult 
airway is encountered, a decision must be made to proceed 
without the benefit of endotracheal intubation, incurring the 
risk of aspiration, or allowing the patient to awaken and 
proceeding with an awake intubation technique, which will 
usually require much more time to accomplish than the 
standard rapid sequence induction. Newer ventilation and 
intubation methods such as the laryngeal mask airway 
(LMA), intubating LMA, and Pro-Seal LMA™ have been 
recognized as valuable techniques for managing these very 
stressful situations (173,174). If ventilation cannot be 
established, then either the patient must be awakened or a 
surgical airway be established (175). 

The importance of close communication between 
obstetrician and anesthesiologist cannot be stressed more. 
The highest risk to the patient occurs when an 
anesthesiologist first encounters a patient already in the 
operating room prepped and draped for “stat” cesarean 
delivery. The anesthesiologist is given very little time to 
evaluate the patient and prepare for anticipated difficul- 
ties. Conversely, the obstetrician must be apprised as early 
as possible when the anesthesiologist anticipates difficulty. 
At the University of Missouri, when patients are brought 
to the operating room for “stat” cesarean delivery for 
rapidly deteriorating fetal status, FHR monitoring is 
continued. This allows the establishment of regional 
anesthesia to continue if the FHR returns to normal or 
to stable levels. If an internal electrode is in place, it is 
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not removed until just prior to incision or may be kept in 
place if general anesthesia is required. The real-time 
information gained with this approach may help guide the 
management of a failed intubation. In the event of a 
failed intubation, if fetal status has improved and remains 
stable, the patient can be awakened and a different course 
of action can be taken. If there is continued fetal 
deterioration, the anesthetic can then be continued by 
mask or LMA as noted above, with continuous cricoid 
pressure (176). 


Cardiac Disease 

The cardiac adaptations to pregnancy are well known. Blood 
volume and cardiac output increase significantly during 
gestation and are tolerated very well in healthy individuals. 
Women with cardiac disease who otherwise may be sufficiently 
compensated in the nonpregnant state, however, may 
deteriorate significantly when faced with the cardiac demands 
of pregnancy. 


Congenital Heart Disease 

In 2001, the majority of pregnant women presenting with 
cardiac disease were those with congenital heart disorders (177). 
This is not surprising since a greater number of women with 
congenital heart disease are living to childbearing age than that 
in earlier decades. Patients with fully corrected lesions with no 
residual dysfunction do well during pregnancy and do not 
require special attention other than prophylactic antibiotics. 
Those with partially corrected lesions or residual dysfunction, 
however, may require special considerations. 

Individuals with shunts must maintain a balance between 
right- and left-sided pressures. Increasing left-sided pres- 
sures such as systemic hypertension may worsen preexisting 
left-to-right shunting. A right-to-left shunt will worsen if 
peripheral vascular resistance drops as it may with regional 
anesthesia. Patients with obstructive lesions who are preload 
depended may decompensate if there is a significant drop in 
venous return. In the past, regional anesthesia was 
considered relatively contraindicated in these individuals. 
More recently, however, regional anesthesia has been shown 
to be of benefit in many patients and is recommended when 
it is advisable to avoid the high catecholamine levels of pain 
and stress, which may lead to maternal tachycardia, systemic 
hypertension and pulmonary hypertension (178). Patients 
with obstructive lesions and pulmonary hypertension who 
do not tolerate drops in venous return or systemic vascular 
resistance may still significantly benefit from epidural 
analgesia, provided that it is dosed slowly while maintaining 
preload and systemic vascular resistance. Patients with 
regurgitant lesions and left-to-right shunts may benefit 
from the decreased systemic vascular resistance that epidural 
analgesia provides as it promotes forward flow. The 
increased demands on cardiac output, workload, and oxygen 
consumption present during the second stage of labor can be 
ameliorated with a carefully managed epidural analgesic 
allowing for a passive second stage of labor. Patients with 
these lesions may require invasive monitoring as well as 
continuous oxygen saturation monitoring to optimize 
cardiac function and avoid the hemodynamic perturbations 
that regional anesthesia may cause. 
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Valvular Lesions 

Patients with stenotic valvular lesions and dynamic obstructive 
cardiomyopathy do not tolerate tachycardia and decreased 
systemic vascular resistance well, nor do they tolerate the 
tachycardia and stress associated with the pain of labor. 
Epidural analgesia is beneficial in these individuals as long as 
preload and systemic vascular resistance are maintained. This 
is particularly true during the second stage of labor. When 
treating hypotension in these patients, beta agonists are to be 
avoided. 

Epidural analgesia is the preferred pain management 
technique in patients with regurgitant valvular lesions. The 
decreased systemic vascular resistance that results from 
regional anesthesia decreases afterload, reduces the regurgitant 
fraction, and improves forward flow. In addition, it prevents 
the increase in systemic vascular resistance that results from 
the pain of labor. 


Ischemic Cardiac Disease 

Ischemic cardiac disease in pregnancy is rare. Nevertheless, as 
the pregnant patient population ages, particularly in associa- 
tion with assisted reproductive techniques used in an aging 
population, we can expect to see increasing numbers of 
patients with coronary artery disease. Epidural analgesia is well 
suited to this patient population. The sympathectomy 
associated with epidural analgesia decreases catecholamine 
levels and cardiac workload. A passive second-stage labor can 
be achieved, which will further decrease myocardial oxygen 
demand. Perfusion pressures must be maintained, however, 
but epinephrine-containing local anesthetic and beta agonists 
should be avoided as they may lead to troublesome 
tachycardia. Intensive cardiac monitoring may be necessary 
in patients who have significant myocardium at risk. 

The successful management of the pregnant cardiac patient 
requires an interdisciplinary approach. Obstetrician, cardiol- 
ogist, and anesthesiologist should be involved early in the 
patient’s pregnancy. Clinical data, particularly results of 
echocardiograms and stress tests, should be shared among 
all involved prior to the patient’s arrival on labor and delivery. 
It does not serve the patient well when the anesthesiologist is 
first consulted at the time that the patient is already in active 
labor or presents for cesarean delivery. Early consultation will 
provide for a coordinated team approach leading to the best 
results possible (178). 


CONCLUSION 
Obstetric anesthesia has made great strides over the past 50 
years. Maternal mortality from anesthetic causes has declined 
dramatically, primarily due to increasing usage of regional 
anesthesia. Regional analgesia for labor is effective, safe, and 
has little effect on the course of labor or neonatal outcome. 
Newer techniques have led to the expansion of regional 
analgesia to allow for its application to a wide range of patients 
with pregnancy complications. In contemporary labor and 
delivery units, virtually all patients are able to enjoy the 
benefits of regional analgesia should they choose to do so. 
Currently, a national effort is underway to improve patient 
safety. As part of this effort, anesthesiologists are becoming 
more and more proactive in perioperative and obstetric care. 
At the University of Missouri, strategies have been developed 
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and are continuing to be refined, to help reduce general 
anesthesia-related morbidity and mortality. An attempt is made 
for an anesthesiologist to evaluate all patients admitted to labor 
and delivery regardless of the anticipated need for anesthesia 
services. Patients who may present with potential anesthetic 
complications are referred for anesthesia consultation during 
gestation, prior to admission. This includes patients who are 
morbidly obese, have had prior anesthetic difficulties or a family 
history of anesthesia complications. This is also true for patients 
with heart disease, prior spine surgery, neurologic, hematologic, 
or significant pulmonary disorders. Patients with an anticipated 
or known difficult airway are encouraged to have an epidural 
catheter placed early in labor. This is also true for patients at risk 
of developing a coagulopathy, such as with severe pre-eclampsia 
or hemolysis, elevated liver enzymes, and low platelet count 
syndrome. 

It cannot be overstressed that continuous close commu- 
nication with all members of the obstetric team is vital to 
improving patient outcome. 


REFERENCES 


1. Caton D. Obstetric anesthesia: the first ten years. Anesthesiology 1970; 
33: 102-9. 

2. ACOG Committee Opinion: Committee on Obstetrics: Maternal and 
Fetal Medicine Number 118-January 1993. Pain relief during labor. Int 
J Gynaecol Obstet 1993; 42: 73. 

3. Keenan P. Benefits of massage therapy and use of a doula during labor 
and childbirth. Altern Ther Health Med 2000; 6: 66-74. 

4. Hetherington SE. A controlled study of the effect of prepared childbirth 
classes on obstetric outcomes. Birth 1990; 17: 86—90. 

5. Scott JR, Rose NB. Effect of psychoprophylaxis (Lamaze preparation) on 
labor and delivery in primiparas. N Engl J Med 1976; 294: 1205-7. 

6. Harrison RF, Woods T, Shore M, Mathews G, Unwin A. Pain relief in 
labour using transcutaneous electrical nerve stimulation (TENS). A 
TENS/TENS placebo controlled study in two parity groups. Br J Obstet 
Gynaecol 1986; 93: 739-46. 

7. Vincenti E, Cervellin A, Mega M, et al. Comparative study between 
patients treated with transcutaneous electric stimulation and controls 
during labour. Clin Exp Obstet Gynecol 1982; 9: 95-7. 

8. Robson JE. Transcutaneous nerve stimulation for pain relief in labour. 
Anaesthesia 1979; 34: 357-60. 

9. Bundsen P, Ericson K, Peterson LE, Thiringer K. Pain relief in labor by 
transcutaneous electrical nerve stimulation. Testing of a modified 
stimulation technique and evaluation of the neurological and biochem- 
ical condition of the newborn infant. Acta Obstet Gynecol Scand 1982; 
61: 129-36. 

10. Umeh BU. Sacral acupuncture for pain relief in labour: initial clinical 
experience in Nigerian women. Acupunct Electrother Res 1986; 11: 
147-51. 

1. Wallis L, Shnider SM, Palahniuk RJ, Spivey HT. An evaluation of 
acupuncture analgesia in obstetrics. Anesthesiology 1974; 41: 596-601. 

2. Pei DE, Huang YL. Use of acupuncture analgesia during childbirth. 
J Tradit Chin Med 1985; 5: 253-5. 

3. Abouleish E, Depp R. Acupuncture in obstetrics. Anesth Analg 1975; 54: 
82-8. 

4. Harmon TM, Hynan MT, Tyre TE. Improved obstetric outcomes using 
hypnotic analgesia and skill mastery combined with childbirth 
education. J Consult Clin Psychol 1990; 58: 525-30. 

5. Stellato C, Cirillo R, de Paulis A, et al. Human basophil/mast cell 
releasability. IX. Heterogeneity of the effects of opioids on mediator 
release. Anesthesiology 1992; 77: 932-40. 

16. Aitkenhead AR, Vater M, Achola K, et al. Pharmacokinetics of single- 
dose i.v. morphine in normal volunteers and patients with end-stage 
renal failure. Br J Anaesth 1984; 56: 813-19. 

17. Stoelting R. Opioid agonists and antagonists, pharmacology and 
physiology in anesthetic practice, 2nd edn. Philadelphia: J.B. Lippincott, 

1991: 70-101. 


ANESTHESIA AND ANALGESIA IN PREGNANCY 


18. 


19, 


20. 


21; 


22. 


23. 


24, 


25; 


26. 


27. 


28. 


29. 


30. 


3i: 


32. 


33. 


34. 


325; 


36. 


37; 


38. 


39. 


40. 


41. 


42. 


Coda BA. In: Barash PG, Cullen BF, Stoelting RK, eds. Opioids, Clinical 
Anesthesia, 5th edn. Philadelphia: Lippincott Williams & Wilkins, 2006: 
353-83. 

Kuhnert BR, Kuhnert PM, Tu AS, et al. Meperidine and normeperidine 
levels following meperidine administration during labor. I. Mother. Am 
J Obstet Gynecol 1979; 133: 904-8. 

Kuhnert BR, Kuhnert PM, Prochaska AL, Gross TL. Plasma levels of 2- 
chloroprocaine in obstetric patients and their neonates after epidural 
anesthesia. Anesthesiology 1980; 53: 21-5. 

Caldwell J, Wakile LA, Notarianni LJ, et al. Maternal and neonatal 
disposition of pethidine in childbirth-a study using quantitative gas 
chromatography-mass spectrometry. Life Sci 1978; 22: 589-96. 
Kuhnert BR, Philipson EH, Kuhnert PM, Syracuse CD. Disposition of 
meperidine and normeperidine following multiple doses during labor. 
I. Mother. Am J Obstet Gynecol 1985; 151: 406-9. 

Belfrage P, Boreus LO, Hartvig P, et al. Neonatal depression after 
obstetrical analgesia with pethidine. The role of the injection-delivery 
time interval and of the plasma concentrations of pethidine and 
norpethidine. Acta Obstet Gynecol Scand 1981; 60: 43-9. 

Rayburn WF, Smith CV, Parriott JE, Woods RE. Randomized 
comparison of meperidine and fentanyl during labor. Obstet Gynecol 
1989; 74: 604-6. 

Smith CV, Rayburn WF, Allen KV, et al. Influence of intravenous 
fentanyl on fetal biophysical parameters during labor. J Matern Fetal 
Med 1996; 5: 89-92. 

Wilson CM, McClean E, Moore J, Dundee JW. A double-blind 
comparison of intramuscular pethidine and nalbuphine in labour. 
Anaesthesia 1986; 41: 1207-13. 

Maduska AL, Hajghassemali M. A double-blind comparison of 
butorphanol and meperidine in labour: maternal pain relief and effect 
on the newborn. Can Anaesth Soc J 1978; 25: 398—404. 

Hodgkinson R, Huff RW, Hayashi RH, Husain FJ. Double-blind 
comparison of maternal analgesia and neonatal neurobehaviour 
following intravenous butorphanol and meperidine. J Int Med Res 
1979; 7: 224-30. 

Ballantyne JC, Carr DB, Chalmers TC, et al. Postoperative patient- 
controlled analgesia: meta-analyses of initial randomized control trials 
[see comment]. J Clin Anesth 1993; 5: 182-93. 

Podlas J, Breland BD. Patient-controlled analgesia with nalbuphine 
during labor. Obstet Gynecol 1987; 70: 202-4. 

Rayburn W, Leuschen MP, Earl R, et al. Intravenous meperidine during 
labor: a randomized comparison between nursing- and patient- 
controlled administration. Obstet Gynecol 1989; 74: 702-6. 
Morley-Forster PK, Weberpals J. Neonatal effects of patient-controlled 
analgesia using fentanyl in labor. Int J Obstet Anesth 1998; 7: 103-7. 
Balki M, Kasodekar S, Dhumne S, et al. Remifentanil patient-controlled 
analgesia for labour: optimizing drug delivery regimens. Can J Anaesth 
2007; 54: 626-33. 

Evron S, Ezri T. Options for systemic labor analgesia [review]. Curr 
Opin Anaesthesiol 2007; 20: 181-5. 

Evron S, Glezerman M, Sadan O, et al. A novel systemic analgesic for 
labor pain. Anesth Analg 2005; 100: 233-8. 

Owen MD, Poss MJ, Dean LS, Harper MA. Prolonged intravenous 
remifentanil infusion for labor analgesia. Anesth Analg 2002; 94: 918-19. 
Jones R, Pegrum A, Stacey RG. Patient-controlled analgesia using 
remifentanil in the parturient with thrombocytopaenia. Anaesthesia 
1999; 54: 461-5. 

Kan RE, Hughes SC, Rosen MA, et al. Intravenous remifentanil: 
placental transfer, maternal and neonatal effects. Anesthesiology 1998; 
88: 1467-74. 

Nuutinen LS, Laitinen JO, Salomaki TE. A risk-benefit appraisal of 
injectable NSAIDs in the management of postoperative pain [review]. 
Drug Saf 1993; 9: 380-93. 

Walker JJ, Johnston J, Fairlie FM, et al. A comparative study of 
intramuscular ketorolac and pethidine in labour pain. Eur J Obstet 
Gynecol Reprod Biol 1992; 46: 87-94. 

Greer IA, Johnston J, Tulloch I, Walker JJ. Effect of maternal ketorolac 
administration of platelet function in the newborn. Eur J Obstet Gynecol 
Reprod Biol 1988; 29: 257-60. 

Gerdin E, Salmonson T, Lindberg B, Rane A. Maternal kinetics of 
morphine during labour. J Perinat Med 1990; 18: 479-87. 


43. 


44. 


45. 


46. 


47. 


48. 


49, 


50. 


Be 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59; 


60. 


6l. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


33-13 


Garland M, Abildskov KM, Taylor S, et al. Fetal morphine metabolism 
and clearance are constant during late gestation. Drug Metab Dispos 
2006; 34: 636-46. 

Garland M, Abildskov KM, Kiu TW, et al. The contribution of fetal 
metabolism to the disposition of morphine. Drug Metab Dispos 2005; 
33: 68-76. 

Crawford JS, Rudofsky S. The placental transmission of pethidine. Br 
J Anaesth 1965; 37: 929-33. 

Szeto HH, Mann LI, Bhakthavathsalan A, et al. Meperidine pharmaco- 
kinetics in the maternal-fetal unit. J Pharmacol Exp Ther 1978; 206: 
448-59. 

Petrie RH, Yeh SY, Murata Y, et al. The effect of drugs on fetal heart rate 
variability. Am J Obstet Gynecol 1978; 130: 294-9. 

Zimmer EZ, Divon MY, Vadasz A. Influence of meperidine on fetal 
movements and heart rate beat-to-beat variability in the active phase of 
labor. Am J Perinatol 1988; 5: 197—200. 

Craft JB, Levinson G, Shnider SM. Anaesthetic considerations in 
caesarean section for quadruplets. Can Anaesth Soc J 1978; 25: 236-9. 
Rayburn W, Rathke A, Leuschen MP, et al. Fentanyl citrate analgesia 
during labor. Am J Obstet Gynecol 1989; 161: 202-6. 

Wilson SJ, Errick JK, Balkon J. Pharmacokinetics of nalbuphine during 
parturition. Am J Obstet Gynecol 1986; 155: 340-4. 

Nicolle E, Devillier P, Delanoy B, et al. Therapeutic monitoring of 
nalbuphine: transplacental transfer and estimated pharmacokinetics in 
the neonate. Eur J Clin Pharmacol 1996; 49: 485-9. 

Giannina G, Guzman ER, Lai YL, et al. Comparison of the effects of 
meperidine and nalbuphine on intrapartum fetal heart rate tracings. 
Obstet Gynecol 1995; 86: 441-5. 

Wakefield ML. In: Chestnut DH, ed. Obstetric Anesthesia Principles and 
Practice, 3rd edn. Philadelphia: Elsevier Moby, 2004: 315. 

Poehlmann S, Pinette M, Stubblefield P. Effect of labor analgesia with 
nalbuphine hydrochloride on fetal response to vibroacoustic stimula- 
tion. J Reprod Med 1995; 40: 707-10. 

Maduska AL, Pittman KA, Ahokas RA, et al. Placental transfer and other 
physiologic studies with intravenous butorphanol in the anesthetized 
pregnant ewe. Res Commun Chem Pathol Pharmacol 1980; 29: 229-41. 
Vasicka A, Robertazzi R, Raji M, et al. Fetal bradycardia after 
paracervical block. Obstet Gynecol 1971; 38: 500-12. 

Miller FC, Quesnel G, Petrie RH, et al. The effects of paracervical block 
on uterine activity and beat-to-beat variability of the fetal heart rate. Am 
J Obstet Gynecol 1978; 130: 284-8. 

Shnider SM, Asling JH, Holl JW, Margolis AJ. Paracervical block 
anesthesia in obstetrics. I. Fetal complications and neonatal morbidity. 
Am J Obstet Gynecol 1970; 107: 619-25. 

Greiss FC Jr, Still JG, Anderson SG. Effects of local anesthetic agents on 
the uterine vasculatures and myometrium. Am J Obstet Gynecol 1976; 
124: 889-99. 

Amols MH, Traynor KD, Creedon DJ. Where have all the pudendals 
gone? Anesthesiology 2007; 106(3 Suppl 1): A-41. 

Hawkins JL, Gibbs CP, Orleans M, et al. Obstetric anesthesia work force 
survey, 1981 versus 1992. Anesthesiology 1997; 87: 135-43. 

Halpern SH, Leighton BL, Ohlsson A, et al. Effect of epidural vs 
parenteral opioid analgesia on the progress of labor: a meta-analysis. 
JAMA 1998; 280: 2105-10. 

Buchan PC, Milne MK, Browning MC. The effect of continuous 
epidural blockade on plasma 11-hydroxycorticosteroid concentrations 
in labour. J Obstet Gynaecol Br Commonw 1973; 80: 974-7. 
Thornton CA, Carrie LE, Sayers L, et al. A comparison of the effect of 
extradural and parenteral analgesia on maternal plasma cortisol 
concentrations during labour and the puerperium. Br J Obstet Gynaecol 
1976; 83: 631-5. 

Abboud TK, Sarkis F, Hung TT, et al. Effects of epidural anesthesia 
during labor on maternal plasma beta-endorphin levels. Anesthesiology 
1983; 59: 1-5. 

Shnider SM, Abboud TK, Artal R, et al. Maternal catecholamines 
decrease during labor after lumbar epidural anesthesia. Am J Obstet 
Gynecol 1983; 147: 13-15. 

Falconer AD, Powles AB. Plasma noradrenaline levels during labour. 
Influence of electric lumbar epidural blockade. Anaesthesia 1982; 37: 
416-20. 


33.14 


69. 


70. 


71: 


72. 


73 


74. 


75. 


76. 


ITa 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


9T; 


92. 


93% 


Colonna-Romano P, Lingaraju N, Godfrey SD, Braitman LE. Epidural 
test dose and intravascular injection in obstetrics: sensitivity, specificity, 
and lowest effective dose. Anesth Analg 1992; 75: 372-6. 

Norris MC, Fogel ST, Dalman H, et al. Labor epidural analgesia without 
an intravascular “test dose.” Anesthesiology 1998; 88: 1495-501. 
Norris MC, Ferrenbach D, Dalman H, et al. Does epinephrine improve 
the diagnostic accuracy of aspiration during labor epidural analgesia? 
Anesth Analg 1999; 88: 1073-6. 

Leighton BL, Katsiris SE, Halpern SH, et al. Multiport epidural 
catheters: can orifice location be tested? Anesthesiology 2000; 92: 
1840-2. 

Gambling DR, McMorland GH, Yu P, Laszlo C. Comparison of patient- 
controlled epidural analgesia and conventional intermittent “top-up” 
injections during labor. Anesth Analg 1990; 70: 256-61. 

Gambling DR, Yu P, Cole C, et al. A comparative study of patient 
controlled epidural analgesia (PCEA) and continuous infusion epidural 
analgesia (CIEA) during labour. Can J Anaesth 1988; 35: t-54. 

Purdie J, Reid J, Thorburn J, Asbury AJ. Continuous extradural 
analgesia: comparison of midwife top-ups, continuous infusions and 
patient controlled administration. Br J Anaesth 1992; 68: 580-4. 
Grieco WM, Norris MC, Leighton BL, et al. Intrathecal sufentanil labor 
analgesia: the effects of adding morphine or epinephrine. Anesth Analg 
1993; 77: 1149-54. 

Kuczkowski KM. Labor pain and its management with the combined 
spinal-epidural analgesia: what does an obstetrician need to know? Arch 
Gynecol Obstet 2007; 275: 183-5. 

Kuczkowski KM. Ambulation with combined spinal-epidural labor 
analgesia: the technique. Acta Anaesthesiol Belg 2004; 55: 29-34. 
Nageotte MP, Larson D, Rumney PJ, et al. Epidural analgesia compared 
with combined spinal-epidural analgesia during labor in nulliparous 
women. N Engl J Med 1997; 337: 1715-9. 

Norris MC. Are combined spinal-epidural catheters reliable? Int J Obstet 
Anesth 2000; 9: 3-6. 

Albright GA, Forster RM. The safety and efficacy of combined spinal 
and epidural analgesia/anesthesia (6,002 blocks) in a community 
hospital. Reg Anesth Pain Med 1999; 24: 117-25. 

Miro M, Guasch E, Gilsanz F. Comparison of epidural analgesia with 
combined spinal-epidural analgesia for labor: a retrospective study of 
6497 cases. Int J Obstet Anesth 2008; 17: 15-19. 

Norris MC, Grieco WM, Borkowski M, et al. Complications of labor 
analgesia: epidural versus combined spinal epidural techniques. Anesth 
Analg 1994; 79: 529-37. 

Norris MC, Fogel ST, Conway-Long C. Combined spinal-epidural 
versus epidural labor analgesia. Anesthesiology 2001; 95: 913-20. 

Miro M, Gussch E, Gilsanz F. Comparison of epidural analgesia with 
combined spinal-epidural analgesia for labor: a retrospective study of 
6497 cases. Int J Obstet Anesth 2008; 17: 15-19. 

Lee S, Lew E, Lim Y, Sia AT. Failure of augmentation of labor epidural 
analgesia for intrapartum cesarean delivery: a retrospective review. 
Anesth Analg 2009; 108: 252-4. 

de Jong RH, Ronfeld RA, DeRosa RA. Cardiovascular effects of 
convulsant and supraconvulsant doses of amide local anesthetics. 
Anesth Analg 1982; 61: 3-9. 

de Jong RH. Lipid infusion for cardiotoxicity: promise? Yes-panacea? 
Not. Anesthesiology 2007; 106: 635-6. 

Rosenblatt MA, Abel M, Fischer GW, et al. Successful use of a 20% lipid 
emulsion to resuscitate a patient after a presumed bupivacaine-related 
cardiac arrest [see comment]. Anesthesiology 2006; 105: 217-8. 

Santos AC, Pedersen H, Harmon TW, et al. Does pregnancy alter the 
systemic toxicity of local anesthetics? Anesthesiology 1989; 70: 991-5. 
Santos AC, DeArmas PI. Systemic toxicity of levobupivacaine, 
bupivacaine, and ropivacaine during continuous intravenous infusion 
to nonpregnant and pregnant ewes. Anesthesiology 2001; 95: 1256-64. 
Hofmeyr G, Cyna A, Middleton P. Prophylactic intravenous preloading 
for regional analgesia in labour. [update of Cochrane Database Syst Rev. 
2002; (2): CD000175; PMID: 12076382]. Cochrane Database Syst Rev 
2004: CD000175. 

Clarke VT, Smiley RM, Finster M. Uterine hyperactivity after intrathecal 
injection of fentanyl for analgesia during labor: a cause of fetal 
bradycardia? Anesthesiology 1994; 81: 1083. 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


94. 


95; 


96. 


97. 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


118. 


Mardirosoff C, Dumont L, Boulvain M, Tramer MR. Fetal bradycardia 
due to intrathecal opioids for labour analgesia: a systematic review. 
BJOG 2002; 109: 274-81. 

Albright GA, Forster RM. Does combined spinal-epidural analgesia with 
subarachnoid sufentanil increase the incidence of emergency cesarean 
delivery? Reg Anesth 1997; 22: 400-5. 

Van de Velde M, Teunkens A, Hanssens M, et al. Intrathecal 
sufentanil and fetal heart rate abnormalities: a double-blind, double 
placebo-controlled trial comparing two forms of combined spinal 
epidural analgesia with epidural analgesia in labor. Anesth Analg 2004; 
98: 1153-9. 

Bell E. Nitroglycerin and uterine relaxation. Anesthesiology 1996; 85: 683. 
Friedlander JD, Fox HE, Cain CF, et al. Fetal bradycardia and uterine 
hyperactivity following subarachnoid administration of fentanyl during 
labor. Reg Anesth 1997; 22: 378-81. 

Stride PC, Cooper GM. Dural taps revisited. A 20-year survey from 
Birmingham Maternity Hospital. Anaesthesia 1993; 48: 247-55. 

Norris MC, Leighton BL, DeSimone CA. Needle bevel direction and 
headache after inadvertent dural puncture. Anesthesiology 1989; 70: 
729-31, 

Reynolds F. Dural puncture and headache. BMJ 1993; 306: 874-6. 
Kalbach LR. Spinal headache: cause and care. Orthop Nurs 1989; 8: 
51-5. 

Kuczkowski KM. The management of accidental dural puncture in 
pregnant women: what does an obstetrician need to know? Arch 
Gynecol Obstet 2007; 275: 125-31. 

Stocks GM, Wooller DJ, Young JM, Fernando R. Postpartum headache 
after epidural blood patch: investigation and diagnosis. Br J Anaesth 
2000; 84: 407-10. 

Alfery DD, Marsh ML, Shapiro HM. Post-spinal headache or 
intracranial tumor after obstetric anesthesia. Anesthesiology 1979; 51: 
92-4, 

Kardash K, Morrow F, Beique F. Seizures after epidural blood patch 
with undiagnosed subdural hematoma. Reg Anesth Pain Med 2002; 27: 
433-6. 

Carp H, Singh PJ, Vadhera R, Jayaram A. Effects of the serotonin- 
receptor agonist sumatriptan on postdural puncture headache: report of 
six cases. Anesth Analg 1994; 79: 180-2. 

Connelly NR, Parker RK, Rahimi A, Gibson CS. Sumatriptan in patients 
with postdural puncture headache. Headache 2000; 40: 316-9. 
Abouleish E, Vega S, Blendinger I, Tio TO. Long-term follow-up of 
epidural blood patch. Anesth Analg 1975; 54: 459-63. 

Taivainen T, Pitkanen M, Tuominen M, Rosenberg PH. Efficacy of 
epidural blood patch for postdural puncture headache. Acta Anaes- 
thesiol Scand 1993; 37: 702-5. 

Van de Velde M, Schepers R, Berends N, et al. Ten years of experience 
with accidental dural puncture and post-dural puncture headache in a 
tertiary obstetric anaesthesia department. Int J Obstet Anesth 2008; 17: 
329-35. 

Wong CA, Scavone BM, Dugan S, et al. Incidence of postpartum 
lumbosacral spine and lower extremity nerve injuries. Obstet Gynecol 
2003; 101: 279-88. 

Thorp JA, Parisi VM, Boylan PC, Johnston DA. The effect of continuous 
epidural analgesia on cesarean section for dystocia in nulliparous 
women. Am J Obstet Gynecol 1989; 161: 670-5. 


. Leighton BL, Halpern SH. The effects of epidural analgesia on labor, 


maternal, and neonatal outcomes: a systematic review. Am J Obstet 
Gynecol 2002; 186(5 Suppl): S69-77. 


. Halpern SH, Leighton BL, Ohlsson A, et al. Effect of epidural vs 


parenteral opioid analgesia on the progress of labor: a meta-analysis. 
JAMA 1998; 280: 2105-10. 


. Segal S, Su M, Gilbert P. The effect of a rapid change in availability of 


epidural analgesia on the cesarean delivery rate: a meta-analysis. Am 
J Obstet Gynecol 2000; 183: 974-8. 


. Fogel ST, Shyken JM, Leighton BL, et al. Epidural labor analgesia and 


the incidence of cesarean delivery for dystocia [see comment]. Anesth 
Analg 1998; 87: 119-23. 

Halpern SH, Leighton BL, Ohlsson A, et al. Effect of epidural vs 
parenteral opioid analgesia on the progress of labor: a meta-analysis. 
JAMA 1998; 280: 2105-10. 


ANESTHESIA AND ANALGESIA IN PREGNANCY 


119. 


120. 


121. 


122. 


123. 


124. 


125. 


126. 


127. 


128. 


129. 


130. 


131. 


132. 


133. 


139. 


140. 


141. 


142. 


143. 


34, 


35. 


36. 


37. 


38. 


Leighton BL, Halpern SH. Epidural analgesia: effects on labor 
progress and maternal and neonatal outcome. Semin Perinatol 2002; 
26: 122-35. 

Wong CA, Scavone BM, Peaceman AM, et al. The risk of cesarean 
delivery with neuraxial analgesia given early versus late in labor. N Engl 
J Med 2005; 352: 655-65. 

American College of Obstetricians and Gynecologists. ACOG Practice 
Bulletin Number 36, ACOG 2008 Compendium of Selected Publica- 
tions. Washington DC: The American College of Obstetricians and 
Gynecologists, 2008: 727-40. 

Yancey MK, Zhang J, Schwarz J, et al. Labor epidural analgesia and 
intrapartum maternal hyperthermia. Obstet Gynecol 2001; 98: t-70. 
Fusi L, Steer PJ, Maresh MJ, Beard RW. Maternal pyrexia associated 
with the use of epidural analgesia in labour. Lancet 1989; 1: 1250-2. 
Gleeson NC, Nolan KM, Ford MR. Temperature, labour, and epidural 
analgesia. Lancet 1989; 2: 861-2. 

Lieberman E, Lang JM, Frigoletto F Jr, et al. Epidural analgesia, 
intrapartum fever, and neonatal sepsis evaluation. Pediatrics 1997; 99: 
415-9. 

Kaul B, Vallejo M, Ramanathan S, Mandell G. Epidural labor analgesia 
and neonatal sepsis evaluation rate: a quality improvement study. 
Anesth Analg 2001; 93: 986-90. 

Michelson KA, Carr DB, Fasterling TR. The impact of duration of labor 
induction on cesarean rate. Am J Obstet Gynecol 2008; 199: 299—4. 
Bucklin BA, Hawkins JL, Anderson JR, Ullrich FA. Obstetric anesthesia 
workforce survey: twenty-year update. Anesthesiology 2005; 103: 
645-53. 

Hawkins JL, Koonin LM, Palmer SK, Gibbs CP. Anesthesia-related 
deaths during obstetric delivery in the United States, 1979-1990. 
Anesthesiology 1997; 86: 277-84. 

Hawkins JL. Anesthesia-related maternal mortality. Clin Obstet Gynecol 
2003; 46: 679-87. 

Ezri T, Szmuk P, Evron S, et al. Difficult airway in obstetric anesthesia: a 
review. Obstet Gynecol Surv 2001; 56: 631-41. 

Datta S, Ostheimer GW, Weiss JB, et al. Neonatal effect of prolonged 
anesthetic induction for cesarean section. Obstet Gynecol 1981; 58: 
331-5. 

Biehl DR, Yarnell R, Wade JG, Sitar D. The uptake of isoflurane by the 
foetal lamb in utero: effect on regional blood flow. Can Anaesth Soc J 
1983; 30: 581-6. 

Norris MC. Height, weight, and the spread of subarachnoid hyperbaric 
bupivacaine in the term parturient. Anesth Analg 1988; 67: 555-8. 

De Simone CA, Leighton BL, Norris MC. Spinal anesthesia for cesarean 
delivery. A comparison of two doses of hyperbaric bupivacaine. Reg 
Anesth 1995; 20: 90-4. 

Ueyama H, He YL, Tanigami H, et al. Effects of crystalloid and colloid 
preload on blood volume in the parturient undergoing spinal anesthesia 
for elective Cesarean section. Anesthesiology 1999; 91: 1571-6. 
Ralston DH, Shnider SM, DeLorimier AA. Effects of equipotent 
ephedrine, metaraminol, mephentermine, and methoxamine on uterine 
blood flow in the pregnant ewe. Anesthesiology 1974; 40: 354-70. 

Lee A, Ngan Kee WD, Gin T. A quantitative, systematic review of 
randomized controlled trials of ephedrine versus phenylephrine for the 
management of hypotension during spinal anesthesia for cesarean 
delivery. Anesth Analg 94: 920-6. 

Herbstman CH, Jaffee JB, Tuman KJ, Newman LM. An in vivo 
evaluation of four spinal needles used for the combined spinal-epidural 
technique. Anesth Analg 1998; 86: 520-2. 

Bjornestad E, Iversen OL, Raeder J. Similar onset time of 
2-chloroprocaine and lidocaine + epinephrine for epidural anesthesia 
for elective Cesarean section. Acta Anaesthesiol Scand 2006; 50: 358-63. 
Philipson EH, Kuhnert BR, Syracuse CD. Fetal acidosis, 2-chloroprocaine, 
and epidural anesthesia for cesarean section. Am J Obstet Gynecol 1985; 
151: 322-4. 

Corke BC, Carlson CG, Dettbarn WD. The influence of 2-chloroprocaine 
on the subsequent analgesic potency of bupivacaine. Anesthesiology 1984; 
60: 25-7. 

Grice SC, Eisenach JC, Dewan DM. Labor analgesia with epidural 
bupivacaine plus fentanyl: enhancement with epinephrine and inhibi- 
tion with 2-chloroprocaine. Anesthesiology 1990; 72: 623-8. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


151. 


152. 


153. 


154. 


155. 


156. 


157. 


163. 


164. 


165. 


166. 


167. 


58. 


59. 


60. 


6l. 


62. 


33-15 


Portnoy D, Vadhera RB. Mechanisms and management of an 
incomplete epidural block for cesarean section. Anesthesiol Clin North 
Am 2003; 21: 39-57. 

Furst SR, Reisner LS. Risk of high spinal anesthesia following failed 
epidural block for cesarean delivery. J Clin Anesth 1995; 7: 71-4. 

Bray JK, Fernando R, Patel NP, Columb MO. Suprasternal Doppler 
estimation of cardiac output: standard versus sequential combined 
spinal epidural anesthesia for cesarean delivery. Anesth Analg 2006; 103: 
959-64. 

Birnbach DJ, Soens MA. Hotly debated topics in obstetric anesthesiology 
2008: a theory of relativity. Minerva Anestesiol 2008; 74: 409-24. 

Van de Velde M, Van Schoubroeck D, Jani J, et al. Combined spinal- 
epidural anesthesia for cesarean delivery: dose-dependent effects of 
hyperbaric bupivacaine on maternal hemodynamics. Anesth Analg 2006; 
103: 187-90. 

Boso EB. A case for combined spinal-epidural anesthesia for Cesarean 
section in a patient with aortic stenosis. W V Med J 2008; 104: 20-1. 
Guasch E, Dominguez A, Alsina E, Gilsanz F. Combined spinal-epidural 
anesthesia with very low dose hyperbaric levobupivacaine for cesarean 
section in a preeclamptic patient. Int J Obstet Anesth 2007; 16: 91-3. 
Van de Velde M, Berends N, Spitz B, et al. Low-dose combined spinal- 
epidural anaesthesia vs. conventional epidural anaesthesia for Caesarean 
section in pre-eclampsia: a retrospective analysis. Eur J Anaesthesiol 
2004; 21: 454-9. 

Fuller JG, McMorland GH, Douglas MJ, Palmer L. Epidural morphine 
for analgesia after caesarean section: a report of 4880 patients. Can 
J Anaesth 1990; 37: 636-40. 

Cousins MJ, Mather LE. Intrathecal and epidural administration of 
opioids. Anesthesiology 1984; 61: 276-310. 

Abouleish E, Rawal N, Rashad MN. The addition of 0.2 mg 
subarachnoid morphine to hyperbaric bupivacaine for cesarean delivery: 
a prospective study of 856 cases. Reg Anesth 1991; 16: 137-40. 
Abboud TK, Dror A, Mosaad P, et al. Mini-dose intrathecal morphine 
for the relief of post-cesarean section pain: safety, efficacy, and 
ventilatory responses to carbon dioxide. Anesth Analg 1988; 67: 137-43. 
Ngan Kee WD, Lam KK, Chen PP, Gin T. Epidural meperidine after 
cesarean section: the effect of diluent volume. Anesth Analg 1997; 85: 
380-4. 

Halpern SH, Arellano R, Preston R, et al. Epidural morphine vs 
hydromorphone in post-caesarean section patients. Can J Anaesth 1996; 
43: 595-8. 

Luthman JA, Kay NH, White JB. Intrathecal morphine for post 
caesarean section analgesia: does naloxone reduce the incidence of 
pruritus? Int J Obstet Anesth 1992; 1: 191-4. 

Cohen SE, Ratner EF, Kreitzman TR, et al. Nalbuphine is better than 
naloxone for treatment of side effects after epidural morphine. Anesth 
Analg 1992; 75: 747-52. 

Cotton DB, Lee W, Huhta JC, Dorman KF. Hemodynamic profile of 
severe pregnancy-induced hypertension. Am J Obstet Gynecol 1988; 
158: t-9. 

Head BB, Owen J, Vincent RD Jr, et al. A randomized trial of 
intrapartum analgesia in women with severe preeclampsia. Obstet 
Gynecol 2002; 99: 452-7. 

Hollmen AI, Jouppila R, Jouppila P, et al. Effect of extradural analgesia 
using bupivacaine and 2-chloroprocaine on interfiles blood flow during 
normal labour. Br J Anaesth 1982; 54: 837-42. 

Lucas MJ, Sharma SK, McIntire DD, et al. A randomized trial of labor 
analgesia in women with pregnancy-induced hypertension. Am J Obstet 
Gynecol 2001; 185: 970-5. 

Hood DD, Curry R. Spinal versus epidural anesthesia for cesarean 
section in severely preeclamptic patients: a retrospective survey. 
Anesthesiology 1999; 90: 1276-82. 

Assail NS, Prystowsky H. Studies on autonomic blockade. I. Compar- 
ison between the effects of tetraethylammonium chloride (TEAC) and 
high selective spinal anesthesia on blood pressure of normal and 
toxemic pregnancy. J Clin Invest 1950; 29: 1354—66. 

Beilin Y, Zahn J, Comerford M. Safe epidural analgesia in thirty 
parturients with platelet counts between 69,000 and 98,000 mm(-3). 
Anesth Analg 1997; 85: 385-8. 

Frenk V, Camann W, Shankar KB. Regional anesthesia in parturients 
with low platelet counts. Can J Anaesth 2005; 52: 114. 


33.16 


168. 


169. 


170. 


171. 


172, 


Committee on Obstetric Practice ACOG Committee Opinion. Number 
326, December 2005. Inappropriate use of the terms fetal distress and 
birth asphyxia. Obstet Gynecol 2005; 106: 1469-70. 

Marx GF, Luykx WM, Cohen S. Fetal-neonatal status following 
caesarean section for fetal distress. Br J Anaesth 1984; 56: 1009-13. 
Goetzl LM, ACOG Committee on Practice Bulletins-Obstetrics. ACOG 
Practice Bulletin. Clinical Management Guidelines for Obstetrician- 
Gynecologists Number 36, July 2002. Obstetric analgesia and anesthesia. 
Obstet Gynecol 2002; 100: 177-91. 

Bernard PD, Jenkins JG. Failed tracheal intubation in obstetrics: a 6-year 
review in a UK region. Anaesthesia 2000; 55: 690-4. 

Pop ham P, Better A, Mendoza M. Anaesthesia for emergency caesarean 
section, 2000-2004, at the Royal Women’s Hospital, Melbourne. 
Anaesth Intensive Care 2007; 35: 74-9. 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


173. 


174. 


175. 


176. 


177. 


178. 


Cook TM, Brooks TS, Van der Westhuizen J, Clarke M. The Proseal 
LMA is a useful rescue device during failed rapid sequence intubation: 
two additional cases. Can J Anaesth 2005; 52: 630-3. 

Kuczkowski KM, Reisner LS, Benumof JL. Airway problems and new 
solutions for the obstetric patient. J Clin Anesth 2003; 15: 552-63. 
Vasdev GM, Harrison BA, Keegan MT, Burkle CM. Management of the 
difficult and failed airway in obstetric anesthesia. J Anesth 2008; 22: 
38—48. 

Chestnut DH. Anesthesia for fetal distress. In: Chestnut DH, ed. Obstetric 
Anesthesia Principles and Practice, 3rd edn. Philadelphia: Elsevier Mosby, 
2004: 447-59. 

Siu SC, Colman JM. Heart disease and pregnancy. Heart 2001; 85: 
710-15. 

Ray P, Murphy GJ, Shutt LE. Recognition and management of maternal 
cardiac disease in pregnancy. Br J Anaesth 2004; 93: 428-39. 


34 Breast cancer and pregnancy 


Beth Kliethermes, Dani Stramer, and Edward R. Sauter 


EPIDEMIOLOGY 

Three percent of all cases of breast carcinoma occur in women 
aged 35 or younger. Breast cancer is the leading cause of cancer 
death for women 15 to 29 years of age (1) with approximately 
11,000 new cases of in situ or invasive breast cancer and 1100 
breast cancer deaths in women younger than age 40 (2). 

Young women with breast cancer are more likely to present 
with more advanced disease and have worse outcomes than 
older women (3). This is likely due to a variety of factors, 
including the biology of the disease and the challenges to early 
detection in young women. Young women with breast cancer 
are more likely to have hormone-insensitive, higher grade 
disease, with a higher proliferative rate (4) and a higher 
likelihood of bone marrow metastases (5). 

Studies investigating how reproductive factors influence the 
development of breast cancer are increasing our understanding 
of possible reasons why carcinoma presents at an advanced stage 
among this group of women. Specifically, concurrent or recent 
pregnancy is associated with increased aggressiveness of the 
tumor and poorer survival. While the occurrence of breast 
cancer at the time of pregnancy or lactation is 3% or less of all 
women who develop breast cancer (6), the prevalence increases 
to over 15% among women before age 40. Pregnancy-associated 
breast cancer (PABC) is defined as breast cancer diagnosed 
during pregnancy or within the first 12 months postpartum. 
Currently, the average age of women with PABC is between 
32 and 38 years (7), and the median gestational age at the time 
of diagnosis is 17 to 25 weeks (8). The incidence of PABC may 
increase as a growing number of women are choosing to 
postpone childbearing until their mid-to-late 30s. 


ETIOLOGY 

Reproductive factors such as age at menarche, parity, and age 
at first birth are well-established risk factors for breast cancer 
incidence due to their influence on the length of hormonal 
exposure to estrogen and progesterone (9). Epidemiologic 
studies confirm that pregnancy has a dual effect on breast 
cancer risk (10). Childbearing reduces the lifetime risk of 
developing breast cancer, although risk increases during the 
time surrounding pregnancy (11). 

Women who have their first full-term pregnancy at an 
early age (defined variously as before 20 up to age 26) have a 
decreased lifetime risk of developing breast cancer. When 
compared with nulliparous women, the risk of breast cancer 
increases in women whose first full-term pregnancy occurred 
after 35 years of age (12). Nonetheless, for women who 
develop PABC, early age at first full-term pregnancy has been 
associated with more aggressive breast cancers. A recent 
study found that a woman with a first full-term pregnancy 
before age 20 had a 3.2 increased odds of having an aggressive 
tumor (13). 


Studies have also shown that a diagnosis of breast cancer 
shortly after pregnancy is associated with reduced chance of 
survival (14). The transient increase in breast cancer risk 
for 3 to 15 years after childbirth is followed by a decrease in 
long-term risk (15). 

The relationship between age at first full-term pregnancy 
and risk of breast cancer is likely related to physiologic and 
hormonal changes that occur during and after pregnancy (14). 
An early first full-term pregnancy imprints a specific 
genomic signature on the breast tissue, with differences in 
RNA expression and protein concentration compared with 
those with a later age at first childbirth (16). First full-term 
pregnancy appears to have a lasting effect on the hormonal 
environment of the mother and on her metabolism of 
estrogen (17). One of the mechanisms suggested to account 
for the incidence of breast cancer in general is exposure to high 
endogenous estrogen levels. Estrogen levels peak during 
pregnancy. Endogenous estradiol can initiate the transforma- 
tion of premalignant to malignant breast cells or accelerate the 
progression of existing tumors (18). In addition to estrogen, 
a full-term pregnancy alters the concentration of other 
hormones, providing another possible way in which preg- 
nancy might influence breast cancer risk. As a result, specific 
changes in the levels of hormones during and following 
pregnancy may affect the breast tissue by increasing the risk of 
mutations, by altering the tissue’s susceptibility to hormones, 
or by modulating its levels of gene expression (19). 

Studies specifically addressing the issue of breast differ- 
entiation and involution after pregnancy and lactation may 
shed light on the possible mechanisms of PABC, including 
changes in the pattern of breast lobular development and 
differentiation, cell growth, and gene expression (20). The 
mammary gland reaches full lobular development late during a 
womans first full-term pregnancy in preparation for lactation. 
If this occurs at a young age, the chance for mutational events 
to have occurred in the breast epithelium prior to pregnancy 
are less than ifa woman’s first pregnancy is at an older age. It is 
therefore less likely that the stimulatory effects of pregnancy 
on the breast will drive abnormal breast epithelial cells to 
progress to cancer. Moreover, during weaning, breast 
epithelial differentiation and involution occurs leading to a 
long-term breast cancer risk reduction. Differentiated cells do 
not divide or proliferate under normal conditions and are less 
susceptible to carcinogenic transformation long term (21). 
Breast remodeling following lactation resembles the micro- 
environment that occurs with inflammation. The activated 
cells secrete proteins, growth factors, tissue-remodeling 
enzymes, and provisional extracellular matrix, all of which 
facilitate the return of the breast to the prepregnancy state. 
This involution microenvironment may promote the growth 
and development of transformed tumor cells if present in the 
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tissue (22). Furthermore, metastatic spread is facilitated by the 
increased vascularity and lymphatic drainage from the gravid 
and lactating breast (23). These observations suggest that 
women with precancerous or cancerous epithelial cells within 
the breast at the time of pregnancy may be at a high risk for 
tumor promotion and metastasis. 


PATHOPHYSIOLOGY 

Overall, women with PABC have similar pathologic features to 
age-matched controls. The most common histologic subtype is 
invasive ductal carcinoma, which is usually high grade (24). 
Tumor size, degree of nodal involvement, and stage at 
diagnosis are usually more advanced among women with 
PABC compared with age-matched nonpregnant women with 
breast cancer (25,26). Controlling for disease stage, tumor size, 
hormone receptor status, age, race, and type of surgery, PABC is 
associated with approximately a 14% increase in risk of death 
compared with nonpregnant controls (27). The reason(s) 
for this is not clear, since overall rates of treatment with 
radiation and chemotherapy are similar. Theories proposed 
include the relative immune suppression of pregnancy and 
differences in tumor biology due to elevated estrogen and 
progesterone levels during pregnancy (27). Other studies do not 
indicate that termination of pregnancy improves the prognosis 
of PABC (28). 

Hormone receptor status in PABC tumors is commonly 
negative, more often than their age-matched controls with 
breast cancer (29). Between 54% and 80% of PABCs are ER- 
negative, possibly due to the downregulation of receptors in 
pregnancy (30). Using a variety of antibodies, HER2 positivity 
has been observed in 28% to 58% of PABCs. Sample sizes in 
these studies are too small to conclude whether the frequency 
of HER2 positivity is higher than that seen in age-matched 
controls (31). 


DIAGNOSIS 

Clinical examination of the breast is more difficult during 
pregnancy and nursing because the breasts are hypervascular, 
engorged, and nodular. Pregnancy-related changes can 
conceal otherwise palpable tumors in the breast. PABC 
most commonly presents as a painless mass or thickening. 
A discreet mass is often difficult to palpate during lacta- 
tion and involution, and malignancy may be mistaken for 
mastitis (32). 

On average, diagnosis of PABC is delayed 5 to 15 months (7). 
Difficulty in evaluating mass lesions in the pregnant and 
lactating breast, a reluctance to perform biopsy, false diagnosis as 
an inflammatory mass, and inadequate follow-up by patient 
and physician have all been reported as possible reasons for this 
delay (33). Mammography with abdominal shielding poses a 
low risk of radiation to the fetus in the second and third 
trimesters, but is not recommended in pregnant or postpartum 
women because the high density of the breast leads to a high rate 
of false negatives (34). Ultrasonography is a more sensitive 
alternative for pregnant and lactating women and can 
distinguish between cystic and solid lesions (35). Magnetic 
resonance imaging offers high sensitivity but low specificity for 
the diagnosis of breast cancer. This imaging technique is not 
recommended during the first trimester until more information 
becomes available (8). Gadolinium should be avoided if possible 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


since it crosses the placenta and its effects on the fetus are 
unknown (36). Available evidence indicates that fetal exposure 
to less than 0.05Gy ionizing radiation is not associated with a 
detectable increase in deleterious effects (37). CT scans to assess 
disease extent, especially those of the abdomen and pelvis, are 
generally not recommended during pregnancy due to the 
relatively high mean doses to the fetus of 0.0036Gy for 
abdominal and 0.089Gy for pelvic irradiation (38). 

Since PABC often presents as a palpable mass, core or open 
biopsy is an effective diagnostic procedure. Lactation should 
be suppressed prior to biopsy in nursing women to reduce the 
risk of abscess and milk fistula formation (39). Fine-needle 
aspiration is less reliable during pregnancy and lactation due to 
the hyperproliferative features in the tissue of the pregnant, 
lactating, or involution breast (40). 


MANAGEMENT 

Patients with PABC should be treated as soon as possible and 
according to the latest clinical guidelines, carefully weighing the 
risk to the fetus. The first treatment for most breast cancer 
patients is surgery. General anesthesia is safe if precautions are 
taken to compensate for physiologic changes induced by 
pregnancy (41). During the first and second trimesters of 
pregnancy, modified radical mastectomy is recommended to 
eliminate the need for postoperative radiation therapy and 
chemotherapy for patients with early-stage disease. For 
accurate staging, axillary evaluation is necessary to determine 
nodal status. Nodal metastases are relatively common in PABC, 
and disease extent affects the need for adjuvant chemotherapy 
(42). For women diagnosed with PABC late in pregnancy or 
after delivery, lumpectomy with axillary dissection can be 
performed, with radiation treatment after childbirth (43). A 
small series that used Tc-99m and/or blue dye in women 
of gestational ages ranging from 4 to 32 weeks suggests that 
lymphatic mapping followed by sentinel lymph node biopsy is 
safe (44). Therapeutic radiotherapy is unsafe for the fetus and is 
contraindicated throughout all stages of pregnancy. 

Adjuvant or neoadjuvant chemotherapy is potentially 
teratogenic to the fetus in the first trimester of pregnancy (45), 
with an estimated risk of fetal malformations of up to 17% 
when administered during the first trimester (8). If it is felt 
unsafe to delay adjuvant therapy until after delivery, 
chemotherapy can be considered in the second and third 
trimesters. The anthracyclines doxorubicin (46) and epirubi- 
cin (47), as well as taxanes (48), appear relatively safe, with 
the few series available reporting a 0% to 6% death rate 
(intrauterine, stillbirth, or neonatal) after treatment. It is 
postulated that placental P-glycoprotein may limit the 
transplacental transfer of these agents. Chemotherapy should 
be administered at least 3 weeks before delivery to avoid sepsis 
and bleeding in a mother with low red blood cell, white blood 
cell, and platelet counts (28). Trastuzumab use to treat HER-2- 
positive PABC was associated with anhydramnios in three of 
six women and should be avoided during pregnancy since it 
appears to interfere with the normal development of the fetal 
kidney (48). Lactation should be suppressed during che- 
motherapy to prevent agent transmission to the infant (49). 
The long-standing recommendation to avoid pregnancy for 2 
years after a diagnosis of breast cancer is being questioned, 
since median time to relapse is more than 5 years, even for 
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patients with stage II node-positive disease who receive 
standard-of-care regimens of surgery and adjuvant therapy 
(50). 

There are few reports documenting the long-term effects of 
chemotherapy. One study that assessed physical, neurologic, 
and psychologic development of 84 children with a median age 
of 18.7 years born to mothers who received chemotherapy 
during pregnancy found normal development, and no reports 
of malignancy (51). Two large prospective studies, one 
initiated by the German Breast Group and another by the 
Breast International Group (BIG-03), should provide more 
information on long-term sequelae after in utero exposure to 
chemotherapy (8). 

For hormone-sensitive tumors, tamoxifen, a selective 
estrogen-receptor modulator, may be used as adjuvant 
treatment after surgery or as treatment for advanced cancer. 
Due to possible teratogenic effects, tamoxifen is not recom- 
mended during pregnancy (52). Bisphosphonates are often 
used to manage the complications of breast cancer skeletal 
metastases. Reports of their use during the third trimester of 
pregnancy suggest that postpartum, neonates of mothers 
treated with the bisphosphonate pamidronate were hypocal- 
cemic but otherwise developed normally, suggesting that 
calcium levels should be closely monitored in neonates of 
mothers treated with these agents (53). 
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35 Neoplasia in pregnancy 


Nora T. Kizer and David G. Mutch 


Cancer complicates approximately 1 in 1000 pregnancies (1). 
The Third National Cancer Survey found that 12.8% of all 
cancers in women occur during the reproductive years, and the 
three most common cancers in decreasing order of frequency 
are thyroid, cervical, and melanoma of the skin (2). The most 
common malignancies actually encountered during pregnancy 
include cervical, breast, and hematologic malignancies (3). 

Malignancy in pregnancy is a rare and distressing condition, 
which requires consideration of mother and fetus. Specific issues 
that complicate medical management of malignancy in 
pregnancy include the possible benefits of pregnancy termina- 
tion to allow aggressive treatment, the effect of therapy on the 
developing fetus, the timing of delivery or termination with 
ongoing treatment, and the role of altered immune and 
hormonal status during pregnancy, which may affect the 
prognosis of the coexistent cancer. Most malignancies in females 
occur outside the reproductive age group; therefore, there are 
few large studies that adequately examine these issues in detail. 
However, in reviewing the composite literature, several general 
guidelines have emerged. First, the anatomic and physiologic 
changes of pregnancy can obscure the signs and symptoms of 
early malignancy. Patient complaints are often dismissed as 
simply symptoms of pregnancy, thereby delaying the perfor- 
mance of timely examination and diagnostic studies. Second, 
although immunosurveillance may be altered in pregnancy, 
stage-for-stage prognosis and survival data for malignancy in 
pregnancy when properly treated are not significantly different 
than those for the nonpregnant population. Finally, the risk of an 
anomalous fetus resulting from treatment depends upon the 
gestational age of the fetus, as well as the mode and intensity of 
therapy. Many cancers arising during pregnancy can be treated 
aggressively with surgery, chemotherapy, and even radiation, 
without necessarily requiring therapeutic abortion. 


GYNECOLOGIC MALIGNANCIES 

The following section details the gynecologic malignancies by 
disease site. Staging for the major gynecologic malignancies is 
presented in Tables 1-5 (4). Overall, endometrial cancer has 
the highest incidence among gynecologic malignancies for all 
age groups, followed by cervical and ovarian cancers. The 
incidence of gynecologic malignancies in the reproductive age 
group is altered, as cervical cancer far outranks ovarian cancer 
while endometrial carcinoma is the rarest, unless one 
considers gestational trophoblastic disease (GTD) in this 
group. A brief outline of etiology, epidemiology, diagnosis, and 
treatment of each disease site is presented, with specific 
reference to pregnancy. 


Human Papillomavirus/Warts of Lower Genital Tract 
The human papillomavirus (HPV) is the causative agent of 
genital warts, is related to a variety of skin diseases in humans, 


and plays a role in the tumorigenesis of a variety of malignant 
tumors of the head, neck, anus, and lower genital tract. The 
discovery of its predominant role in the development of 
cervical cancer has allowed the development of a variety of 
screening and prevention protocols. To date, more than 100 
HPV types have been identified. The prevalence of HPV in 
pregnancy has been reported anywhere from 6% to 70% (5) 
with the highest prevalence in women under the age of 26. It 
has also been suggested that the pregnant state may activate 
HPV expression, the mechanism of which is unclear, but likely 
involves a change in the immune status of the mother. HPV is 
of concern during pregnancy for several reasons. First, 
although it remains unclear the frequency of perinatal 
transmission, consensus holds that neonates can be exposed 
to maternal cervical HPV during pregnancy and birth. Studies 
have shown HPV to be causally related to recurrent laryngeal 
papillomatosis in children (6,7). Maternal history of genital 
warts in pregnancy has been shown to be the strongest 
predictive factor for respiratory papillomatosis in the child (8). 
A second concern is that the papillary lesions can proliferate 
and cause soft-tissue dystocia or potential hemorrhage upon 
attempted vaginal delivery. 

Treatment during pregnancy is problematic, but when the 
lesions are occluding, the introitus and/or vagina are large and 
friable, treatment with trichloroacetic acid, and rarely laser or 
cryotherapy, may be attempted. Podophyllin and interferon 
are contraindicated in pregnancy. Without adequate resolu- 
tion of obstructive or hemorrhagic papillomas, cesarean 
section is indicated. When smaller lesions or subclinical 
infections are present, the decision as to the route of delivery 
can be problematic. Recent evidence suggests that perinatal 
transmission of HPV may not be avoided by abdominal 
delivery, since transplacental in utero infection may be 
possible with intact membranes (9,10). Additionally, there is 
a lack of concordance of HPV types detected in newborns 
compared with their mothers, suggesting other routes of 
transmission that may occur postnatally (11). Other theories 
include acquisition via semen at fertilization, hematogenously, 
or via an ascending maternal infection. Overall, further studies 
are required to elucidate the mode of transmission and the 
potential benefits of cesarean section delivery over vaginal 
delivery to avoid maternal—fetal transmission. 

Recently, investigative work has focused on the develop- 
ment of HPV vaccines as primary prevention of HPV 
infections and the subsequent development of cervical cancer 
(12-15). At this time, a quadrivalent vaccine is approved and a 
bivalent vaccine is undergoing phase II clinical trials both for 
both primary prevention and therapeutic benefits (14,15). As 
both vaccines target HPV 16 and 18 strains, they could 
potentially prevent 70% of future cervical cancer cases. At this 
time, controversy still exists as to what age groups should 
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Table 1 International Federation of Obstetrics and 
Gynecology Staging of Vulvar Carcinoma (3) 


Stage 0 Tis Carcinoma in situ, intraepithelial 
carcinoma 

Tumor confined to the vulva and/or 
perineum—2cm or less in greatest 
dimension. No nodal metastasis 

Tumor confined to the vulva and/or 
perineum—more than 2cm in 
greatest dimension. No nodal 
metastasis 

Tumor of any size with 

1. adjacent spread to the lower urethra 
and/or the vagina, or the anus; and/or 

2. unilateral regional lymph node 
metastasis 

Tumor invades any of the following: 

Upper urethra, bladder mucosa, rectal 
mucosa, pelvic bone, and/or bilateral 
regional node metastasis 


Stage I T1 NO MO 


Stage II T2 NO MO 


Stage III T3 NO MO 
Stage T3 N1 MO 
Stage T1 N1 MO 
Stage T2 N1 MO 


Stage IVA T1 N2MO 
Stage T2 N2 MO 
Stage T3 N2 MO 
Stage T4 any N MO 


Table 2 International Federation of Obstetrics and 
Gynecology Staging for Vaginal Carcinoma (3) 


Stage 0 Carcinoma in situ, intraepithelial carcinoma 

Stage I The carcinoma is limited to the vaginal wall 

Stage II The carcinoma has involved the subvaginal tissue, 
but has not extended to the pelvic wall 

Stage III The carcinoma has extended to the pelvic wall 

Stage IB The carcinoma has extended beyond the true 
pelvis or has involved the mucosa of the bladder 
or rectum; bullous edema as such does not 
permit a case to be allotted to stage IV 

Stage IVA Spread of growth to adjacent organs and/or 
direct extension beyond the true pelvis 

Stage IVB Spread to distant organs 


receive the vaccine, what methods should be employed to 
implement international public health policies regarding its 
use, and as to what marketing strategies against a sexually 
transmitted infection would be acceptable. Furthermore, these 
vaccines are currently contraindicated during pregnancy, and 
long-term data are necessary to evaluate their impact on 
overall mortality. 


Cervical Neoplasia 

The most common gynecologic neoplasia encountered during 
pregnancy arises from the cervix, including both invasive and 
preinvasive diseases. Although the mean age of diagnosis for 
carcinoma of the cervix is 50 years, this disease process has a 
bimodal peak incidence with age ranges of 35 to 39 years and 
60 to 64 years (16). Clearly, this early peak corresponds with 
the reproductive age group. The incidence of preinvasive and 
invasive cancer of the cervix is estimated to be 1.3 and 0.45 to 
1.0 per 1000 pregnancies, respectively (17). 


Preinvasive Disease 

Cervical intraepithelial neoplasia (CIN) arises in the transfor- 
mation zone between squamous-lined ectocervix and colum- 
nar-lined endocervix and has a peak age in the mid to late 
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Table 3 International Federation of Obstetrics and 
Gynecology Staging for Cervical Carcinoma (3) 


Stage 0 Carcinoma in situ, intraepithelial carcinoma 

Stage I The carcinoma is strictly confined to the cervix 
(extension to the corpus should be disregarded) 

Stage IA Preclinical carcinoma of cervix; that is, those 
diagnosed only by microscopy 

Stage IA1 Minimal microscopically evident stromal invasion 

Stage IA2 Clinical lesions detected microscopically that can 
be measured; depth 65mm from the base of the 
epithelium, either surface or glandular, from 
which it originates and horizontally spread 

Stage IB Clinical lesions confined to the cervix of preclinical 
lesions greater than IA 

Stage IB1 Clinical lesions no greater than 4.0cm in size 

Stage IB2 Clinical lesions greater than 4.0cm in size 

Stage II Carcinoma extends beyond the cervix, but not to 
pelvic wall. The carcinoma involves the vagina, 
but not as far as the lower third 

Stage IIA No obvious parametrial involvement 

Stage IIB Obvious parametrial involvement 

Stage III Carcinoma has extended to the pelvic wall or 
tumor involves the lower third of the vagina. 
Hydronephrosis or nonfunctioning kidneys are 
stage III, unless due to other causes 

Stage IIA No extension to the pelvic wall 

Stage IIIB Extension to the pelvic wall and/or hydronephrosis 
or nonfunctioning kidney 

Stage IV 

Stage IVA Spread of growth to adjacent organs (i.e., bladder 
or rectal mucosa) 

Stage IVB Spread to distant organs 


Table 4 International Federation of Obstetrics and 
Gynecology Staging for Endometrial Carcinoma (3) 


Tumor limited to endometrium or invasion 
to less than one-half of the myometrium 

Tumor invasion to more than one-half of 
the myometrium 

Cervical stromal invasion 

Tumor invasion of serosa and/or adnexa 

Vaginal metastases 

Metastases to pelvic lymph nodes 

Metastases to para-aortic lymph nodes with 
or without positive pelvic lymph nodes 


Stage IA, G123 
Stage IB, G123 


Stage II 

Stage IIIA, G123 
Stage IIIB, G123 
Stage IIIC1 
Stage IIIC2 


Stage IVA Tumor invasion of bladder and/or bowel 
mucosa 

Stage IVB Distant metastases, including intra- 
abdominal and/or inguinal lymph nodes 

Stage G1 5% or less of a non-squamous or 
non-morular solid growth pattern 

Stage G2 6-50% of a non-squamous or non-morular 
solid growth pattern 

Stage G3 >50% of a non-squamous or non-morular 


solid growth pattern 


twenties. Over recent years, the integral role of that HPV plays 
in the genesis of CIN and subsequent transformation into 
malignant cells has been further elucidated. The progression of 
CIN to invasive disease does not appear to be accelerated by 


NEOPLASIA IN PREGNANCY 


Table 5 International Federation of Obstetrics and 
Gynecology Staging for Ovarian Carcinoma (3) 


Growth limited to ovaries 

Growth limited to one ovary; no ascites present 
containing malignant cells; no tumor on external 
surfaces; capsule intact 

Growth limited to both ovaries; no ascites present 
containing malignant cells; no tumor on external 
surfaces, capsule intact 

Tumor involving one or both the ovaries either 
with tumor on external surfaces, or with capsule 
ruptured, or with ascites containing malignant 
cells, or with positive peritoneal washings 

Growth involving one or both the ovaries with 
pelvic extension 

Extension and/or metastases to uterus and/or tubes 

Extension to other pelvic tissues 

Tumor either stage IIA or IIB, but with tumor on 
surface of one or both the ovaries, or with 
capsule(s) ruptured, or with ascites present 
containing malignant cells, or with positive 
peritoneal washings 

Tumor involving one or both the ovaries with 
peritoneal implants outside the pelvis and/or 
positive retroperitoneal or inguinal nodes. 
(Superficial liver metastasis equals stage III. 
Tumor is limited to the true pelvis but with 
histologically proven malignant extension to 
small bowel or omentum.) 

Tumor grossly limited to the true pelvis with 
negative nodes, but with histologically confirmed 
microscopic seeding of abdominal peritoneal 
surfaces 

Tumor of one or both the ovaries with 
histologically confirmed implants of abdominal 
peritoneal surfaces, none exceeding 2cm in 
diameter; negative nodes 

Abdominal implants greater than 2cm in diameter; 
negative and/or positive retroperitoneal or 
inguinal nodes 

Growth involving one or both the ovaries, with 
distant metastasis. (If pleural effusion is present, 
there must be positive cytology to allot a case 
to stage IV. Parenchymal liver metastasis equals 
stage IV.) 


Stage I 
Stage IA 


Stage IB 


Stage IC 


Stage II 


Stage IIA 
Stage IIB 
Stage IIC 


Stage III 


Stage IIIA 


Stage IIB 


Stage IIIC 


Stage IV 


pregnancy, despite the possibility that pregnancy represents an 
immunocompromised state and may even activate HPV 
infections. As in the nonpregnant state, the screening method 
of choice for CIN is the Papanicolaou test, which should be 
performed at the first prenatal visit. Although not approved by 
the manufacturer for use in pregnancy, studies have shown 
that use of the standard cytobrush is safe and effective during 
pregnancy and can be routinely employed when obtaining 
cervical cells for evaluation. Although the pregnant cervix 
differs from the nonpregnant cervix with the appearance of 
greater inflammation, larger ectropion, and the presence of 
decidual cells (Arias-Stella reaction) that mimic atypical cells, 
evidence demonstrates that the accuracy of the Pap test in 
pregnancy remains unchanged. LaPolla and colleagues (18) 
reported a cytologic and histologic concordance rate of 84% in 
248 pregnant patients with abnormal Pap tests who underwent 
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colposcopically directed biopsies and found no false-negative 
results after rigorous postpartum follow-up. Furthermore, in 
pregnancy, the transformation zone is expanded and, as such, 
a Pap test obtained during pregnancy that lacks endocervical 
cells should be repeated. 


Abnormal Papanicolaou Results 

The management of an abnormal cervical Pap test is a clinical 
dilemma often encountered during pregnancy. The algorithm 
for management of an abnormal Pap test is shown in Figure 1. 
Key points include that HPV triage of a Pap test showing 
atypical squamous cells of undetermined significance is 
acceptable in pregnancy. However, colposcopy may be 
deferred until the 6-week postpartum visit. Similarly, women 
with a result of a low-grade squamous intraepithelial lesion 
(LSIL) on Pap test may also defer colposcopy until the 
postpartum period. Those women who do undergo colpo- 
scopy antenatally and receive a histologic diagnosis of CIN I 
should have follow-up postpartum without any further 
treatment. To do otherwise is considered unacceptable. 
Patients with a high-grade squamous intraepithelial lesion by 
Pap test have a 1 in 100 chance of an invasive lesion. Most will 
have persistence of the high-grade lesion on postpartum 
follow-up without progression. Colposcopy with directed 
biopsies during pregnancy is recommended and should be 
performed by an experienced clinician. A result of atypical 
glandular cells on a Pap test in pregnancy should be managed 
in a fashion identical to that of a nonpregnant woman except 
that endometrial biopsy and endocervical curettage are 
contraindicated, and cold-knife conization is not advisable 
unless invasion is otherwise suspected. Postpartum evaluation 
may be negative as a high-grade lesion may commonly resolve 
after delivery. However, a thorough postpartum evaluation is 
necessary to determine whether the lesion is still present. Of 
note, patients with normal Pap tests but who are HPV positive 
for high-risk strains should have repeat testing 6 weeks 
postpartum as HPV infections are often transient during 
pregnancy. 


Diagnostic Procedures in Pregnancy 

In determining which diagnostic and therapeutic interventions 
to utilize for the assessment of an abnormal Pap test in 
pregnancy, maternal risk in the form of underdiagnosed 
invasive cancer, and thus inadequate or delayed treatment, 
must be balanced against fetal risk, in the form of premature 
rupture of membranes, chorioamnionitis, and spontaneous 
abortion from conization. As mentioned earlier, conservative 
management should be exercised with low-grade cervical 
lesions as these patients are highly unlikely to have an inva- 
sion lesion on pathologic examination (19). Additionally, 
Patsner (20) used serial evaluation of the Pap test, colposcopy, 
and directed biopsy to rule out occult or new malignancy in a 
large group of pregnant patients with mild dysplasia; the 
conclusion of this study was that patients with mild dysplasia 
require at most one antepartum colposcopy prior to thorough 
postpartum reevaluation, without significant increased risk of 
developing invasive cervical cancer. Some authors now suggest 
that it is neither cost-effective nor necessary to perform 
colposcopy on every patient with LSIL on Pap test (19). 
Advocacy of conservative management assumes that 
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Colposcopy 


Colposcopic 
impression 


Positive 
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Under 20 y.o. 


ASC-US 
20+ y.o. 


20+ y.o. 


HR-HPV Testing 


Cancer* CIN Ill 


Normal 


CIN or (-) 


Invasion 


Repeat colposcopy 
every trimester 


Repeat pap +/- HPV postpartum 


See part 2 


Unchanged 


Colposcopy/Biopsy 
postpartum 


Figure 1 Algorithm for the management of the abnormal Pap smear and cervical intraepithelial neoplasia (CIN) in pregnancy. Abbreviations: AGC, atypical 
glandular cells; AIS, adenocarcinoma in situ; ASC-H, atypical squamous cells favoring high grade; ASC-US, atypical squamous intraepithelial lesion 
of undetermined significance; HR-HPV, high-risk human papillomavirus testing; HSIL, high-grade squamous intraepithelial lesion; LSIL, low- 


grade SIL. Source: From Ref. 42. 


colposcopy is performed by an experienced operator, while 
cytology and histology are reviewed by a reliable laboratory. If 
these standards are not met, more frequent colposcopy and 
closer follow-up are probably necessary. Colposcopy with 
biopsies should always be performed for high-grade lesions 
and any lesion on repeat examination that appears to have 
progressed or is suspicious for invasive carcinoma. 


Colposcopy During Pregnancy 

The pregnant cervix is actually quite amenable to colposcopy, 
as the transformation zone tends to evert as pregnancy 
progresses and allows for optimal colposcopic visualization of 
the cervix. However, given the changes that occur within a 
gravid cervix compared with the nonpregnant state, it is 
imperative that the colposcopy be performed by a skilled 
physician with experience and training in advanced colpo- 
scopy. Colposcopic appearance of the pregnant cervix is 
highlighted by edematous and hyperemic changes secondary 
to increased vascularity and an underlying decidual stromal 
reaction. Increased friability with brisk bleeding upon cervical 
contact may be encountered during pregnancy and, if 
persistent, is an indication for evaluation. Acetic acid staining 
is often more intense during pregnancy, causing some minor 
abnormalities to be interpreted falsely as significant lesions. 
Nonetheless, aceto-white areas, especially those that have more 
opaque changes with mosaicism, punctuation, or frankly 
atypical vessels, deserve histologic evaluation by biopsy. Any 
gross lesion and the worst representative abnormal areas by 
colposcopic visualization should be biopsied regardless of 
gestational age unless delivery is imminent, whereby biopsy 
may be delayed up to several weeks. Cervical biopsy during 
pregnancy may cause increased bleeding, which is generally 
well controlled by silver nitrate sticks, ferric sulfate solution, 
or, rarely, suture placement. In a series of 100 pregnant 


patients, Hacker and associates (17) reported a diagnostic 
accuracy of 99.5% and a complication rate of 0.6% for 
colposcopy with biopsies. No endocervical curettage should be 
performed on any patient with known or suspected pregnancy. 
The overall goal of a thorough colposcopic cervical examina- 
tion in pregnancy is to exclude invasive disease, thus averting 
unnecessary conizations and allowing safe postponement of 
ablative therapy for CIN, including carcinoma in situ, until 
after delivery. Thus, the treatment of all forms of CIN in 
pregnancy is conservative, with required follow-up postpar- 
tum. It is imperative that all patients with histologically proven 
CIN 2 and 3 antenatally have repeat colposcopy with biopsies 
at the 6-week postpartum visit. 


Large Loop Excision of the Transformation Zone 

Inadequate colposcopic visualization of either the transforma- 
tion zone or the entire proximal extent of a lesion is generally 
delayed during pregnancy and performed postpartum. In 
addition, endocervical curettage is not performed during 
pregnancy; thus, the primary indications for excisional 
procedures during pregnancy are histologic microinvasive 
disease or marked discordance between a Pap test suggestive of 
carcinoma and a histologic specimen with minimal abnorm- 
alities. Every effort should be made to reconcile such 
discordance by review of the cytologic interpretation and even 
repeat colposcopic biopsies to avoid unnecessary excisional 
procedures during pregnancy. Overall, a diagnostic excisional 
procedure should be considered only if the cytology, 
colposcopic impression, or cervical biopsies are suspicious 
for invasive carcinoma only. Treatment during pregnancy is 
otherwise unacceptable. When excision by large loop excision 
of the transformation zone (LLETZ) is required, it is best 
performed in the first or early second trimester when the risk 
of spontaneous abortion and bleeding from the increased 
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vascularity of the cervix are reduced. Current evidence 
demonstrates mixed results in regard to the impact of LLETZ 
on risk for premature rupture of membranes, preterm labor, 
and cesarean section (21-23). As such, it is considered 
acceptable to perform LLETZ with reasonable maternal safety 
if indicated. However, it should be performed by an 
experienced surgeon and ideally during the previable stage of 
pregnancy and when invasive cancer is highly suspected. These 
procedures should always be performed in the operating room 
with sufficient appropriately trained staff. 


Cone Biopsy During Pregnancy 

Averette and coworkers (24) collected the largest series of 
conizations during pregnancy with 180 patients and reported 
that 9.4% required a blood transfusion and 63% underwent a 
spontaneous abortion. Others have described less frequent but 
significant complications associated with cone biopsy in 
pregnancy, including cervical infection, stenosis, chorioam- 
nionitis, preterm labor, thrombophlebitis, pulmonary embo- 
lism, and cervical laceration during labor. In an attempt to 
minimize bleeding and violation of the endocervical canal, 
DiSaia and colleagues (16) and others (25) have advocated 
excising a shallow “coin”-shaped biopsy rather than a “cone”- 
shaped specimen. Multiple hemostatic sutures can be placed at 
the vaginal reflection of the cervix and a vasoconstrictive agent 
can be used to infiltrate the cervical stroma in an attempt to 
decrease blood loss. Overall, the standard cone biopsy is not 
recommended during pregnancy due to the high complication 
rate associated with its use. 

The so-called coin biopsy has been described as a safe method 
for performing diagnostic conization during pregnancy (26). 
The biopsy shape is usually smaller and shallower, resulting in 
an increased risk of residual disease with positive margins. The 
compilation of seven studies by Hacker and colleagues (17) 
showed 43.4% of cones for carcinoma in situ have residual 
disease upon repeat conization or hysterectomy. As such, this 
technique is considered diagnostic rather than therapeutic. 


Invasive Cervical Carcinoma 

More than 40% of cervical cancer cases occur in women of 
childbearing age, and up to 3% of all cases of cervical cancer 
are diagnosed during pregnancy (27-29). The incidence of 
invasive disease varies from 1 to 13 cases per 10,000 
pregnancies (16,17). Pregnancy is not thought to play an 
etiologic role in the development of cervical carcinoma, since 
the age-adjusted incidence is the same in pregnant as in 
nonpregnant women. Despite increases in estrogen and 
progesterone levels, the natural history of cervical cancer is 
likewise unaffected by pregnancy, as the prognosis is the same 
in pregnant and nonpregnant patients (16,17,30). Precise 
survival data by stage for pregnancy complicated by invasive 
cervical carcinoma are difficult to ascertain, because more than 
15 series reported a span greater than 30 years and their 
treatment, as well as staging, vary (31). Nonetheless, stage-for- 
stage, 5-year survival rates are the same for pregnant and 
nonpregnant patients, with rates approaching 100% for stage 
IA, 85% for IB, and 60% to 70% for stage II using aggregate 
data from more recent studies (17,32,33). The average age of 
patients with cervical cancer in pregnancy is 30 years, while the 
average parity is four, but neither variable has been shown to 
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Table 6 Cervical Carcinoma Associated with Pregnancy 


Trimester 
First Second Third Postpartum Total Average 

Time of 19.3 14.2 14.9 51.6 100 N/A 

diagnosis 
5-year 68.6 62.7 51.7 46.3 N/A Da 

survival 
Stage 
IB 64.3 60.6 50.0 46.5 N/A 55.4 
Il 28.0 30.8 20.7 29.4 N/A Ze) 
IM/IV ea 8.6 295 24.1 N/A 17.4 


Abbreviations: N/A, not applicable. Source: From Ref. 9. 


be of prognostic value (17). Table 6 shows the breakdown by 
trimester (stage and 5-year survival) in cases of cervical cancer 
associated with pregnancy. Highlighted is the trend of 
decreased survival and increased likelihood of advanced stage 
at presentation as pregnancy progresses. Selection bias may 
influence the data. Patients who defer prenatal care and 
present later in pregnancy, or even during delivery, are more 
likely to ignore early symptoms of cervical cancer and not 
comply with regular cytologic screening. The distribution of 
histology is similar to the nonpregnant state; 95% or more are 
squamous cell carcinomas and 3% are adenocarcinomas. 

The cornerstone of detection remains the Pap test. Biopsy is 
the requisite for diagnosis. Vaginal bleeding or abnormal 
discharge is the most frequent presenting symptom. Early- 
stage disease is often asymptomatic, but advanced disease may 
present with symptoms of urinary retention, pelvic pain, 
lymphedema, or weight loss. Once the diagnosis is made, 
thorough staging should be performed and may include 
cystoscopy, proctoscopy, and sigmoidoscopy. Imaging studies 
should be used judiciously; magnetic resonance imaging 
(MRI) may be the study of choice, as excellent soft-tissue 
delineation is obtained without ionizing radiation. Positron 
emission tomography (PET) imaging has newly recognized 
value in both the pretreatment and posttreatment manage- 
ment of nonpregnant cervical cancer patients (34—41). 
However, as the side effects the radioisotope required for the 
study may have on the developing fetus remains unclear, PET 
is considered contraindicated at this time during pregnancy. 
Single-exposure intravenous pyelography can be used and 
renal ultrasound may also be of value. Cervical malignancies 
tend to be understaged during pregnancy, because proper 
workup is oftentimes not performed and parametrial indura- 
tion may be less prominent and more difficult to detect (32). 

Although cervical cancer is not uncommonly found during 
pregnancy, the data regarding its treatment are limited 
secondary to the unique ethical considerations surrounding 
pregnancy that prevent many research methods. Treatment for 
invasive forms of cervical carcinoma depends on the stage of 
pregnancy and disease, as well as upon the wishes of the 
mother. It is also important to remember that most 
preinvasive lesions found during pregnancy do not progress 
and that oftentimes both high-grade lesions and low-grade 
lesions will regress during pregnancy and delivery to either 
low-grade lesions or normal appearance, respectively. As such, 
it is necessary to procure histologic confirmation of invasive 
carcinoma whenever feasible. 
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Treatment recommendations during pregnancy should be 
modified to the individual characteristics of the tumor and the 
patient’s desires, and should involve multidisciplinary input. A 
thorough ultrasound should also be preformed to rule out any 
fetal anomalies that could influence treatment choice. In 
general, the patient may be offered the same standard of 
treatment outlined for all nonpregnant cervical cancer patients 
with the understanding that only treatment of very early 
lesions allows future fertility, and significant fetal risks are 
involved that would require termination of the pregnancy. 
However, some suggest that other treatment options exist 
based on a lower level of evidence (42). The limit of 20 weeks 
of gestation is often used as a cutoff for deciding treatment 
timing, with termination and immediate treatment reserved 
for a confirmed gestational age of less than 20 weeks. 

Microinvasive tumors confirmed by conization are con- 
sidered to be either stage IA1 or IA2 with invasion less than 
3mm below the basement membrane and negative margins, 
no greater than 7mm of lateral spread and the absence or 
presence of lymphovascular space involvement as defining 
criteria. Previous data exist exploring fertility-sparing treat- 
ment in nonpregnant patients with microinvasive disease 
and demonstrates low incidence of recurrence with coniza- 
tion (43-45). However, rarely is an excisional conization 
procedure currently recommended during pregnancy given the 
high rate of complications. If conservative treatment is desired, 
it should be reserved for those patients with stage IA1 disease 
and squamous cell histology. Conservative treatment would 
involve repeat cytology and colposcopy to exclude regrowth 
of the tumor after conization is indicated (17). Patients with 
stage IA2 cervical cancer are not considered to be the 
candidates for the same fertility-sparing excisional procedures 
offered to IA1 patients. Outside of pregnancy, standard of care 
is radical hysterectomy. These patients may be offered the 
aforementioned purposeful delayed management strategy 
versus pregnancy termination with immediate treatment. 
New data in the literature also offer the possibility of radical 
trachelectomy as a new fertility-sparing treatment option in this 
particular group of patients (46). If treatment is delayed until 
after delivery, route of delivery should be based primarily on 
obstetric indications. If cesarean section is indicated, a cesarean 
extrafascial or radical hysterectomy can be performed at 
delivery. Close postpartum follow-up without surgery is 
advocated by some when future childbearing is desired in 
selected patients with minimal microinvasive disease (16). 

Frankly, invasive tumors of the cervix demand prompt 
treatment, although slight delay of up to 6-8 weeks has been 
shown not to alter prognosis (17,33). For stage IB1 and 
selected IIA tumors early in pregnancy, treatment options 
include radiation therapy and chemotherapy or radical 
hysterectomy with bilateral pelvic lymphadenectomy. Surgery 
does allow ovarian preservation, but the patient should be 
counseled prior that certain risk factors could lead to adjuvant 
radiation or chemotherapy. This option can be effective 
therapy with the fetus in situ up to 18-20 weeks (47); 
thereafter, hysterotomy and uterine evacuation should be 
performed. Radiation is equally efficacious, and no hyster- 
otomy is necessary prior to 20 weeks of gestation with 
radiation therapy. In general, spontaneous abortion occurs 
rapidly after exposure to radiation in early pregnancy (48,49). 
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Some authors now recommend using misoprostol to promote 
expulsion of the pregnancy if it does not occur within an 
expected time frame to avoid further complications. If the 
pregnancy is advanced, hysterotomy is required prior to 
intracavitary radiation. For IB and IIA tumors found in the 
third trimester, classical cesarean section can be followed by 
radical hysterectomy with pelvic and para-aortic lymph node 
dissection. If radiation is planned, lymph node dissection 
alone can be performed, which may guide subsequent therapy. 

With cervical cancer beyond stage IIA, radiation is the 
treatment of choice with chemosensitization now being 
routinely performed with radiosensitizing chemother- 
apy (50,51). Commencement of treatment is immediate, with 
the exception of late second- or third-trimester pregnancies 
when treatment may be delayed until after the documentation 
of fetal pulmonary maturity and delivery. It must be 
emphasized that the impact of treatment delay on maternal 
and fetal health is uncertain. Overall evidence suggests that 
some amount of delay is reasonable without greatly affecting 
maternal outcome (49,51-59) and allowing potential small but 
significant gains in fetal outcomes. The literature suggests that 
prognosis is unchanged over many weeks and patients can be 
counseled as such allowing the opportunity to delay treatment 
if so desired. Clearly, these patients must be closely followed 
for any evidence of disease progression. 

In patients with advanced-stage cervical cancer who 
strongly desire delay of treatment, neoadjuvant chemotherapy 
is considered a reasonable option. Limited data suggest that 
platinum agents in association with either bleomycin or 
paclitaxel when administered in the second and third 
trimesters appear to have no fetal toxicity or long-term 
sequelae (60-62). 

Route of delivery has not been shown to be of prognostic 
significance. Recent studies suggest that there may be a slight 
advantage to delivery by cesarean section (63—66). However, at 
this point, choice of route should be based on obstetric 
indications, extent of cervical tumor involvement, and therapy 
planned. In general, early lesions allow for vaginal delivery if 
otherwise indicated, while advanced disease favors abdominal 
delivery because of the risk of cervical laceration and 
hemorrhage or infection. Additionally, it is important to note 
that vaginal delivery through a malignant cervix has been 
associated with cancer implantation and recurrence at 
previous episiotomy scar sites (67-75). 


Vulvar Carcinoma 

Carcinoma of the vulva represents only about 4% of 
gynecologic malignancies and is quite rare in pregnancy, 
because the vast majority of vulvar malignancies occur in 
postmenopausal patients. Approximately 15% of vulvar 
cancers are found in women less than 40 years of age. Of 
these, about 90% of the cases are squamous cell cancers. Other 
cell types include melanoma, adenocarcinoma, basal cell 
carcinoma, and sarcoma. Presenting symptoms are similar to 
those of the nonpregnant state and include itching, irritation, 
discharge, and occasionally bleeding. The etiology of vulvar 
cancer is unknown, but common patient characteristics 
include obesity, diabetes, hypertension, and perhaps less- 
than-optimal vulvar hygiene. Recent evidence suggests that 
HPV infection is a causative or associative factor in preinvasive 
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vulvar intraepithelial neoplasia as well as in invasive vulvar 
cancer. Examination of the vulva will demonstrate areas of 
ulceration, exophytic growth, hyper- or hypopigmentation, or 
red or white discoloration. The key to early diagnosis is biopsy. 
All abnormal areas of the vulva, including raised, depressed, 
discolored, or warty lesions, deserve consideration for biopsy. 
Biopsy may be performed in the office under local anesthesia 
by simple excision or by utilizing the Keyes punch biopsy 
instrument. Toluidine blue staining and colposcopy may be 
used as adjunctive procedures, but should not substitute for 
biopsies, even in lieu of pregnancy. 

A review of pregnancy-associated vulvar cancers in 
the literature by Barclay (76) revealed only 31 reported cases. 
Since this review, several other small series have been added. 
The youngest reported patient was 17 years old, while the 
average age was 27. Such a small number of patients presenting 
with vulvar carcinoma during pregnancy limits the develop- 
ment of guidelines for prognosis and treatment; nonetheless, 
certain conclusions can be drawn. Prognostically, these patients 
appear to do as well stage-for-stage with proper treatment as 
their nonpregnant counterparts. Treatment for vulvar intrae- 
pithelial neoplasia should be conservative with multiple biopsies 
to rule out invasion and then close follow-up, including 
colposcopy, until definitive therapy can be carried out 
postpartum. Invasive disease should be treated as in the 
nonpregnant state during the first and second trimesters, with 
radical or modified radical resection and groin node dissection. 
Lesions less than 2cm in diameter and with invasion of 1mm or 
less that are confined to the vulva with no evidence of nodal 
involvement may be considered for radical local excision. 
Bilateral or multiple ipsilateral positive groin nodules require 
adjunctive radiation to the groin and pelvis. Even if radiation is 
given after the period of organogenesis, the risk of spontaneous 
pregnancy loss is great. Thus, depending on the wishes of 
the patient, radiation treatment may be delayed until after 
delivery (3,77). Alternatively, in this unusual circumstance, 
consideration may be given to a pelvic node dissection, which, if 
negative, might allow omission of pelvic irradiation. Positive or 
close margins of resection, while also treatable with radiation, 
may be considered for re-excision during pregnancy to avoid 
the deleterious effects of radiation. 

Invasive lesions presenting late in pregnancy (third 
trimester) may be widely excised and definitive treatment 
delayed until after delivery. These patients must be informed 
that these alternative forms of therapy during pregnancy 
deviate from the standard of treatment and may carry an 
increased risk of recurrence. The route of delivery is generally 
not altered by treatment, including radical vulvectomy and 
groin node dissection. Marked vaginal constriction and 
perineal fibrosis rarely necessitate cesarean section delivery. 
After treatment for vulvar cancer, there is no contraindication 
to future pregnancies. Past studies have showed successful 
pregnancies following treatment for vulvar carcinoma, 
with surgery—pregnancy intervals ranging from 6 months to 
4% years (76,78). 


Vaginal Carcinoma 

The occurrence of vaginal cancer has limited demographic 
overlaps with the reproductive age group, as the vast 
majority of cases are diagnosed in patients beyond 50 years 
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of age (25). Less than 2% of gynecologic malignancies are of 
primary vaginal origin. Metastatic disease from the cervix or 
vulva is far more common and must always be excluded. Up 
to 95% of cases are of squamous cell origin, while 
melanomas, sarcomas, and adenocarcinomas, including 
clear cell histologies, are also found. 

The incidence of squamous cell carcinoma of the vagina 
during pregnancy is very rare, with fewer than 20 reported 
cases (1). Symptoms of vaginal cancers are bleeding or 
discharge. More advanced disease may present with symp- 
toms of bladder or bowel dysfunction, including frequent 
urinary tract infections, urinary retention, constipation, or 
tenesmus. While a persistently abnormal Papanicolaou (Pap) 
smear may rarely provide initial evidence of vaginal cancer, 
thorough speculum examination with biopsy of suspicious 
gross lesions provides definitive diagnosis. Preinvasive disease, 
vaginal intraepithelial neoplasia, which is far more common 
than invasive disease in the pregnant population, is best 
diagnosed with the use of colposcopic-guided biopsies. 
If biopsy confirms preinvasive disease, treatment with laser, 
5-FU, or other ablative therapy can be postponed until 
completion of the pregnancy. 

In the exceptional event that invasive cancer of the vagina is 
discovered during pregnancy, treatment is generally unaltered, 
except possibly during the late second or third trimester, when 
postponement of treatment until after delivery may be 
considered. Therapy is dependent upon the location and stage 
of disease, but the primary mode of treatment is radiation. 
Surgery is a viable option when early-stage disease is confined 
to the upper one-third of the vagina and is thus resectable with 
radical hysterectomy and upper vaginectomy. Disease localized 
to the distal portion of the vagina has been reported as 
resectable with lower vaginectomy. Utilizing radiation or 
surgery, fetal loss is inevitable. However, there is one case 
report of stage I squamous cell carcinoma of the vagina treated 
by wide local excision at 23 weeks (79). The patient then 
underwent cesarean section at 33 weeks with pelvic lympha- 
denectomy and a second wide local excision with no evidence 
of recurrence. 

Surgery allows preservation of ovarian function in this 
young population with postoperative radiation indicated only 
for close or positive margins (80). Advanced-stage disease of 
any histology requires prompt treatment, which may necessi- 
tate hysterotomy for removal of products of conception, thus 
allowing initiation of radiation therapy. It is important to note 
that even in patients with early-stage disease (I—II), the risk of 
pelvic lymph node metastases is high (20-35%) (81). 

Several histologic types of vaginal cancer, although rare, 
tend to occur more commonly than squamous cell carcinoma 
in women of reproductive age. Adenocarcinoma, usually of 
the clear cell variety, may develop after in utero exposure to 
diethylstilbestrol. The link between diethylstilbestrol expo- 
sure and clear cell adenocarcinoma of the lower genital tract, 
including the cervix, was well established by 1971, after which 
the use of diethylstilbestrol during pregnancy was discon- 
tinued. The risk of developing adenocarcinoma of the vagina 
or cervix is actually less than 1 in 1000 for those exposed to 
the transplacental carcinogen diethylstilbestrol. Approxi- 
mately one-third of diethylstilbestrol-exposed patients 
develop adenosis, which may be a precursor to clear cell 
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carcinoma. Such diethylstilbestrol-linked malignancies rarely 
occur before 14 years of age or after 30 years of age. Thus, 
frequent cervical and vaginal cytology with careful colpo- 
scopic evaluation for abnormal findings are indicated 
beginning at menarche. Most clear cell adenocarcinomas 
are diagnosed early (stage I) and thus have a good prognosis 
with an 80% 5-year survival. In pregnancy, treatment is 
largely unaltered, as surgery is performed without fetal 
regard, unless in the final trimester, in which case delay until 
after delivery may be contemplated. 

Melanomas are very rare as primary tumors of the vagina. 
The lower posterior one-third of the vagina is the most 
frequent site of origin. Sarcoma botryoides of the vagina 
generally occurs in infants and children and presents as a 
group of cystic masses. The occurrence of both vaginal 
melanomas and sarcomas is exceedingly rare and reportable in 
pregnancy. Both tumors have a very poor prognosis, and 
management must be individualized according to the stage of 
disease, desires of the patient, and gestational age. 


Endometrial Carcinoma 

Endometrial carcinoma in pregnancy is extremely rare. There 
are fewer than 10 well-documented cases in the world 
literature and great care is necessary to exclude misdiagnosis 
secondary to an intense Arias-Stella phenomenon. Diagnosis is 
usually made at dilatation and curettage for spontaneous or 
therapeutic abortion. Treatment is unaltered by pregnancy. 


Ovarian Neoplasia 

Adnexal/Pelvic Mass 

Pelvic masses in pregnancy present difficult management 
problems, because one must also consider the fetus as well 
as the patient. Therefore, the proper treatment of this 
problem is not always clear and requires clinical judgment. 
Pregnancy complicated by a pelvic mass has been reported 
with an incidence varying from 1 in 79 pregnancies to 1 in 
2489; the average of 21 publications in the literature is 1 in 
800 (82-103). The wide range of reported incidences is 
likely due to different detection methods, study populations, 
and types of masses reported. Of those publications, 
approximately 1 in 16,000 pregnancies is complicated by a 
malignant adnexal mass. 

Prior to the advent of ultrasound, fibroids, ectopic 
pregnancies, appendicitis, and pelvic kidneys were frequently 
included in the diagnosis of pelvic mass. These entities are 
now diagnosed more accurately with ultrasound, avoiding 
unnecessary laparotomy (104-106). In general, simple, 
unilateral ovarian masses smaller than 5cm during the first 
trimester are usually functional luteal cysts and oftentimes 
will resolve on ultrasound by 14 weeks of gestation. Those 
adnexal masses that are bilateral, greater than 5cm, growing 
rapidly or persisting into the second and third trimesters, 
with solid, septate, or multicystic components need further 
imaging and/or evaluation (107). Bernhard et al. showed that 
out of 423 adnexal masses found in pregnancy, only 
25 persisted and were surgically treated of which 2 were 
confirmed malignancies by histologic diagnosis. Ultrasound 
has been shown to be less accurate in characterizing 
malignant lesions (102). As such, MRI is useful for follow- 
up imaging on patients with concerning adnexal masses 
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initially identified by ultrasound (108,109). Computed 
tomography should probably be avoided during pregnancy. 

It is important to note that most masses found during 
pregnancy are benign (110). Only up to 5% of pelvic masses 
during pregnancy are malignant versus 20% in the non- 
pregnant state (16). The most common masses found during 
gestation are serous or mucinous cystadenoma, mature 
teratoma, or a miscellaneous array of simple cysts, fibroids, 
and theca luteal cysts. Masses over 15cm identified during 
pregnancy are seldom malignant (111-113). Of malignant 
pelvic massed found during pregnancy, the most common are 
germ cell tumors (45%), epithelial tumors (37.5%), sex cord- 
stromal tumors (10%), and other pathologies (7.5%) (114). 

Masses discovered during pregnancy can be managed 
expectantly or surgically. Expectant management is frequently 
complicated by acute rupture, torsion, tumor previa, or 
malignancy. Grimes (115) reported that these complications 
occurred most commonly when masses were greater than 
5cm. Acute rupture or torsion resulting in an acute abdomen 
occurred in 34% of patients expectantly managed. Tumor 
previa occurred about 5% of the time, while malignancy 
occurred only in about 4.5% of cases. Surgical management 
seeks to avoid these complications and removes the mass 
under more controlled and less emergent conditions. If 
possible, surgery should be postponed to 16 to 18 weeks, as 
this timing is associated with a reduced risk of spontaneous 
abortion, hormonal independence of the corpus luteum of 
pregnancy, and the resolution of functional cysts. 


Ovarian Cancer 

Although rare, ovarian malignancies are the second most 
common gynecologic cancer diagnosed during pregnancy after 
cervical cancer (116). They are usually found as an incidental 
finding during routine prenatal care via ultrasound (117—119) 
and, as such, are generally found at an earlier stage than in 
nonpregnant women (116,117,120). Once a malignant adnexal 
mass is suspected, extensive preoperative discussion with the 
patient and family is required prior to laparotomy, and 
management should be multidisciplinary in conjunction with 
a high-risk obstetrician, gynecologic oncologist, and medical 
oncologist specialized in gynecologic cancers. If a malignancy 
is found, the patient should be staged and treated as if she were 
not pregnant. Pelvic washings should be obtained, extent of 
disease be assessed, and appropriate surgery be performed. 
Conservative surgery to preserve fertility and the current 
pregnancy is attempted where appropriate. However, the 
patient may always alter her treatment based on her desire to 
preserve the fetus. Of note, ovarian tumors do not spread to 
the fetus, in contrast to certain other malignancies. 

Germ cell tumors, both benign and malignant, occur 
primarily in young women (121). The two most common 
malignant types are dysgerminomas and endodermal sinus 
(yolk sac) tumors. As dysgerminomas are the most common 
malignant germ cell tumors and most often occur in young 
women, it is not surprising that they are the most common 
malignant adnexal mass found in pregnancy. Approximately 
10% to 15% of dysgerminomas occur bilaterally. A review of 
27 reported cases of dysgerminomas reported all patients 
presented with large-size tumors ranging from 12 to 28cm and 
most were stage IA (122). Because of their large size, obstetric 
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complications have been reported in association with 
dysgerminomas including obstructed labor and cesarean 
section (122). Surgical treatment is required as an initial 
management for all patients regardless of pregnancy status. 
Oftentimes, if appropriate, surgery will be postponed until 
16 to 18 weeks when the risk for spontaneous abortion is 
minimized (83,123). Unilateral salpingo-oophorectomy with 
preservation of the contralateral ovary and of the uterus is 
adequate for early-stage disease of both germ cell and 
epithelial cancers. 

Treatment of more advanced stages is controversial. It has 
been suggested that if the uterus and other ovary appear free of 
metastatic disease, then adequate staging can be performed 
with omental and peritoneal biopsies and sampling of 
suspicious lymph nodes (122). Biopsy of the contralateral 
ovary is recommended only if it seems to be affected by 
disease (124). Ipsilateral lymph node dissection may be 
considered as this is the most common site of first metastases. 
Adjuvant chemotherapy is considered unnecessary for stage IA 
and possibly stage IB, as the risk for recurrence is low, and 
there is a high cure rate for recurrent disease (123,125). Of 
note, serum lactate dehydrogenase levels are unaffected by 
pregnancy and can be used for initial diagnosis and follow-up 
response to treatment. 

Endodermal sinus tumors comprise approximately one- 
fifth of the ovarian germ cell tumors and are the second most 
common (126,127). They are much less frequently encoun- 
tered during pregnancy, but may be suspected when a serum 
alpha fetoprotein level is much higher than expected. 
Treatment for these tumors is more aggressive as the 5-year 
survival rate is only 13% (128). The best treatment strategy is 
early surgical resection followed by multiagent adjuvant 
chemotherapy. Adequate surgical treatment can also be 
achieved usually with the preservation of the contralateral 
ovary and uterus. The most common chemotherapy regimen 
used consists of bleomycin, etoposide, and cisplatin (BEP). 
There are several reports of pregnant women treated 
with combination chemotherapy who delivered normal 
infants (122). However, fetal complications have been 
reported as well (129). Some suggest that, if the mother 
desires, chemotherapy can be postponed until after early 
delivery with confirmed fetal lung maturity (130). 

Ovarian epithelial tumors are rare in pregnancy as they are 
usually a disease of the elderly. They are categorized into three 
groups: benign, borderline, or invasive cancer. Borderline 
tumors or low malignant potential tumors are a disease of 
younger women and are more likely to be encountered in 
pregnancy. Standard of treatment for invasive cancers is 
upfront surgical cytoreduction followed by adjuvant che- 
motherapy. Unfortunately, this surgical approach precludes 
continuation of pregnancy. There have been reports in the 
literature of patients with invasive epithelial ovarian tumors of 
at least a stage I who underwent initial unilateral salpingo- 
oophorectomy with the completion of the surgical debulking 
postponed until after the delivery of the fetus (122,131—133). 
These women received platinum-based chemotherapy during 
pregnancy. All infants were delivered without any gross 
abnormalities or significant complications. One woman died 
of recurrence 29 months later, and others were disease free 
with follow-up periods ranging from 6 to 36 months. Overall, 
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management must be discussed with the patient with the 
understanding of the limited evidence in regard to the delay of 
treatment. The overall prognosis for advanced-stage ovarian 
cancer is low at approximately 30% at 5 years (134). 

Borderline tumors are distinguished from their invasive 
counterparts by the histologic findings of papillary epithelial 
proliferation and atypia, but lack of stromal inva- 
sion (135,136). Treatment is primarily surgical. However, 
given their favorable prognosis, surgery to preserve fertility can 
oftentimes be achieved. Adjuvant chemotherapy is usually 
given only in the presence of confirmed invasive implants and, 
as such, can frequently be avoided during pregnancy. 

Other less commonly found ovarian cancers include sex- 
cord stromal tumors. These tumors usually present with 
abdominal pain, torsion, and increased abdominal girth. Most 
patients are diagnosed with stage I disease and require only 
conservative surgical intervention due to their low-malignant 
potential. In cases of more advanced disease, adjuvant 
chemotherapy should be considered and usually consists of 
BEP (137-141). Another tumor rarely found in pregnancy is 
carcinosarcoma of the ovary also known as a “malignant 
mixed mesodermal tumor.” The prognosis is poor even with 
aggressive treatment (142,143) and only three cases have been 
reported in the literature (144-146). Given the aggressive 
nature of carcinosarcomas and the fact that an optimal 
debulking procedure at the time of initial surgery is an 
important determinant of future outcomes, there is no role for 
conservative surgery in their management plan (147). Lastly, 
metastatic tumors to the ovary are always a consideration in 
the differential for malignant adnexal masses. They are not 
uncommon and the most frequently identified primary sites 
include colon, breast, and gastric cancers (123,148). Treatment 
is based on the type of primary malignancy and is usually 
individualized based on different factors such as histologic 
type, gestational week, and the patient’s wishes. 

In general, several principles can help guide the manage- 
ment of ovarian malignancies in pregnancy. Hysterectomy 
should be performed during pregnancy only if it contributes 
significantly to tumor debulking (116,149) and overall 
prognosis. Additionally, chemotherapy is contraindicated in 
the first trimester due to high rate of abortion (150) and 
abnormal fetal development (151), but it is compatible in the 
second or third trimester (150,152). Platinum-based che- 
motherapy regimens have the most scientific data supporting 
their safe use in pregnancy (153). An interval of 3 to 4 weeks 
between the last chemotherapy administration and the 
delivery is optimal due to both maternal and fetal 
hematologic risks from treatment (3). The majority of 
adverse fetal outcomes are likely due to prematurity with 
few reports of congenital anomalies (150,154,155). In the 
postpartum period, breast-feeding should be discouraged 
while receiving cytotoxic agents (156,157). As always, 
treatment strategy must be case dependent, and the patient 
must remain fully informed at all times. 


GTD 

The term “gestational trophoblastic disease” comprises a wide 
variety of pathologic entities, from the benign hydatidiform 
mole to the highly malignant choriocarcinoma. Hydatidiform 
mole has been observed since the era of Hippocrates. 
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Table 7 International Federation of Obstetrics and Gynecology Prognostic Scoring System for Gestational Trophoblastic 
Neoplasia 

Score? 
Risk factor 0 1 2 4 
Age <) >39 
Prior pregnancy Mole Abortion Term 
Interval (months)? 4 4-6 AD >12 
Pretreatment hCG (log) <3 <4 <5 25 
Largest tumor (cm) <3 3—4 25 
Site of metastases Spleen, kidney Gastrointestinal tract Brain, liver 
Number of metastases 0 1—4 5-8 >8 
Prior failed chemotherapy agents Single Multiple 


“Prognosis is determined by summing the scores for each individual factor. Total score <7=low risk, >7=high risk. 


ÞInterval is the time between the 


termination of prior pregnancy and the start of chemotherapy. Abbreviation: hCG, human chorionic gonadotropin. 


Richardson and Hertig provided the first account of a hydatid 
mole in 1638, while in 1827 the midwife Bolvin was the first to 
ascribe moles as products of gestational origin. In 1895, Felix 
Morchand finally demonstrated that hydatidiform moles and 
their malignant sequelae derived from trophoblast, but his 
concept was not widely accepted until 1903 (158,159). 

Trophoblast may be regarded as the first organ of the 
developing embryo. Normal trophoblast is a unique tissue that 
bears several characteristics of cancer. Among these is the 
ability to invade the myometrium and to embolize into the 
maternal circulation. Whether the trophoblast is normal or 
neoplastic, it contains both syncytiotrophoblast and cytotro- 
phoblast and secretes human chorionic gonadotropin (hCG) 
in proportion to its volume. This fact allows clinicians to 
monitor this disease and predict eradication of trophoblastic 
tissue from the host (160). 

Abnormal trophoblastic proliferation is manifested in two 
entities: partial and complete hydatidiform mole. The 
complete mole consists of abnormal trophoblast of paternal 
origin with a karyotype of 46,XX. This entity presents with 
abnormal bleeding 95% of the time between the 6th and 16th 
week gestational age. Other manifestations of molar gestation 
include pre-eclampsia, hyperemesis, and hyperthyroidism. 
Rarely, patients can present with trophoblastic embolization 
and symptoms of congestive heart failure or pulmonary 
edema. hCG levels are usually markedly elevated above those 
appropriate for the gestational age of the pregnancy. The 
diagnosis is generally made with ultrasound. Histologically, 
complete hydatid moles are characterized by hydropic villi, 
proliferation of both syncytiotrophoblast and cytotropho- 
blast, absence of fetal vessels, and no definitive fetal 
structures (161,162). 

By contrast, the diagnosis of partial mole is usually made at 
the time of curettage for a presumed missed or incomplete 
abortion. The clinical features are similar to those of a 
complete mole, but less severe. In addition, partial moles are 
usually of polyploid karyotype and associated with fetal 
structures. 

The incidence of complete hydatidiform mole varies 
throughout the world from a high of 1 in 450 in Japan to 1 in 
2500 in the United States (163). These data are based on 
population-based studies. The treatment of choice for a 
complete mole is suction curettage. Blood products, such as 
packed red blood cells, should be made available preoperatively, 


Table 8 International Federation of Obstetrics and 
Gynecology Staging of Gestational Trophoblastic Neoplasia 


I Disease confined to the uterus 
II Disease extends outside the uterus but is limited to the genital 
structures (adnexa, vagina, broad ligament) 
III Disease extends to the lungs with or without genital tract 
involvement 
IV Disease involves other metastatic sites 
1) Good prognosis 
a) Serum hCG <40,000mIU/mL (random) or urinary hCG 
<100,000 IU (24 hr) 
b) Symptoms present less than 4 months 
c) No brain or liver metastases 
d) No prior chemotherapy 
e) Prior pregnancy: a mole or abortion of ectopic pregnancy 
2) Poor prognosis 
a) Serum hCG >40,000 mIU/mL (random) or urinary 
hCG>100,000 IU (24 hr) 
b) Symptoms present more than 4 months 
c) Brain or liver metastases 
d) Failure of prior chemotherapy 
e) Antecedent-term pregnancy 


as blood loss can be unexpectedly high. Furthermore, 
a substantial risk of post-evacuation pulmonary edema from 
trophoblastic deportation or rapid fluid replacement is 
possible. The incidence of malignant sequelae of complete 
moles is about 15%. The incidence of malignancy following a 
partial mole is much less. All moles require careful follow-up 
with weekly hCG levels. A rising level or one that plateaus 
requires immediate attention to staging and initiation of 
cytotoxic therapy (164,165). 

The malignant sequelae of molar gestation, categorized as 
gestational trophoblastic neoplasia (GTN), include invasive 
mole, choriocarcinoma, and placental site trophoblastic 
tumors. The prognosis for these entities is excellent, exceeding 
90%, with proper treatment. Patients diagnosed with GTN are 
categorized into risk groups based on the International 
Federation of Obstetrics and Gynecology (FIGO) staging and 
scoring system (166,167) (Tables 7,8). The scoring system is 
based on a modified version of the World Health Organization 
(WHO) prognostic factor scoring system. Once malignant 
trophoblastic disease is diagnosed, staging studies consisting of 
computed tomography scans of the head, abdomen, and 
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Table 9 Chemotherapy Regimens for Low-Risk Gestational 
Trophoblastic Neoplasia 


1 MTX, 0.4mg/kg (maximum 25mg)/day, IV or IM for 
5 days. Repeat every 14 days 

3 MTX, 30-50mg/m?, IM weekly 

3 MTX, I mg/kg, IM days 1, 3, 5, and 7; folinic acid, 
0.1mg/kg, IM days 2, 4, 6, and 8. Repeat every 
15-18 days or as needed 

4 MTX, 100mg/m’, IVP, then 200mg/m? in 500mL of 
DsW over 12 hours. Folinic acid, 15mg IM or orally 
every 12 hours for four doses beginning 24 hours 
after starting MTX. Repeat every 18 days or as needed* 

5 Act-D, 10-12ug/kg, IV every day for 5 days. Repeat 
every 14 days 

6 Act-D, 1.25mg/m?, IV every 2 weeks* 

y Alternating MTX/Act-D regimens 1 and 5 

“Should not be used for metastatic or resistant disease or choriocarcinoma. 

Abbreviations: Act-D, actinomycin-D; D;W, 5% dextrose in water; IM, 


intramuscularly; IV, intravenously; IVP, intravenous push; MTX, 
methotrexate. 


Table 10 Etoposide, Methotrexate, Actinomycin-D, 
Cyclophosphamide, and Vincristine Chemotherapy for 
High-Risk Gestational Trophoblastic Neoplasia 


Drug Dosing 
Day 1 Etoposide 100mg/m* IV over 
30 min 
Actinomycin-D 0.5mg IVP 
Methotrexate 100mg/m? IVP, then 
200mg/m? in 500mL 
of D;W over 12 hours 
Day 2 Etoposide 100mg/m* IV over 
30 min 
Actinomycin-D 0.5mg IVP 
Folinic acid 15mg IM or orally every 
12 hours for four 
doses starting 24 hours 
after starting MTX 
Day 8 Cyclophosphamide 600mg/m? IV 
Vincristine 1.0mg/m? IVP 


Abbreviations: DW, 5% dextrose in water; IM, intramuscularly; IV, 
intravenously; IVP, intravenous push; MTX, methotrexate. 


pelvis, serum chemistries including liver and renal function 
studies, and quantitative beta-HCG need to be performed. A 
chest X-ray is mandatory. Computed tomography of the chest 
may identify low-risk patients who are likely to fail primary 
single-agent therapy (168). Cure for patients with non- 
metastatic (stage I) and low-risk metastatic GTN (stages II 
and III, score<7) disease approaches 100% in published 
studies (167). Patients classified as having high-risk metastatic 
GTN should receive multiagent chemotherapy plus adjuvant 
radiation or surgery to achieve survival rates of 80% to 90% 
(Tables 8,9). Of note, prior reports from the Brewer Center in 
Chicago, Illinois, have demonstrated the importance of having 
centralized trophoblastic disease centers to provide expertise 
in managing these patients. They noted that their successful 
secondary GTN treatment rates increased from 59% during 
1962 to 1978 to 93% from 1979 to 2006 (169). They also noted 
that the most common reasons for unsuccessful GIN 
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treatment were using single-agent chemotherapy for high-risk 
disease and inappropriately using weekly methotrexate to treat 
patients with metastatic disease, FIGO scores = 7, and/or non- 
postmolar choriocarcinoma. This highlights the importance of 
adhering to the FIGO staging and scoring system to administer 
chemotherapy regimens accordingly (Tables 9 and 10). 


NONGYNECOLOGIC MALIGNANCIES 

Breast Cancer 

One in nine women will develop breast cancer during her 
lifetime, representing one-third of all cancers in women (170). 
Approximately 15% of breast cancers occur in women under 
the age of 41 years; 1 in 3000 pregnancies is complicated by 
breast cancer, with 3% of all breast cancer being diagnosed 
during pregnancy or lactation (1). The incidence of breast 
cancer in association with pregnancy is expected to continue to 
rise, Owing to the trend toward delayed childbearing. It 
currently is the second most common malignancy diagnosed 
in pregnancy after cervical cancer (171). 

Breast engorgement and hypertrophy during pregnancy 
may delay the detection of breast cancer. Some cases of 
inflammatory cancer, as well as some masses, can be confused 
with mastitis or other pregnancy-related changes. Most cases 
present with a painless lump often noted by the patient upon 
self-examination. If the woman is breast-feeding, she may note 
a “milk rejection sign” in which the infant refuses the breast 
affected by cancer (172). The initial prenatal visit should 
include a thorough breast examination with detailed instruc- 
tions on breast self-examination. 

More recent studies report an average delay in diagnosis of 
1 to 2 months (173-177) although older studies noted delays 
of 6 months or greater (178-180). A 1-month delay in primary 
tumor treatment increases the risk of axillary metastases by 
0.9% and a 6-month delay increases the risk by 5.1% (181). 
The presence of axillary metastases is a poor prognostic factor, 
and early detection despite pregnancy is essential. 

Mammography should be limited during pregnancy to 
minimize radiation exposure. In addition, pregnancy changes, 
such as elevated water density, increase the rates of false- 
positive and false-negative mammographic examina- 
tions (182). Ultrasound is a recommended, good, inexpensive 
first step in the workup of a breast mass as it can distinguish 
between cystic and solid lesions in 97% of patients 
(175,176,183). For the diagnosis of metastases, MRI is 
preferred to ultrasonography especially for hepatic and brain 
imaging (184,185). Of note, gadolinium used during MRIs 
crosses the placenta, is associated with fetal abnormalities in 
rats, and its use during pregnancy should be limited to those 
cases where the benefits outweigh the risks to the fetus. 
Radioisotope bone scan, generally avoided during pregnancy, 
may be indicated only when metastases are clinically 
suspected. Adequate maternal hydration may increase fetal 
exposure to radiation. 

For definitive diagnosis, any palpable mass should be 
biopsied. Stopping lactation beforehand reduces the risk for 
milk fistula formation. Fine-needle aspiration (FNA) has a 
specificity and sensitivity of about 95%, and no harmful effects 
upon the pregnancy have been reported (186). However, the 
accuracy of FNA is highly dependent on the pathologist’s 
experience with pregnancy-associated breast cancer and is 
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important to avoid a misdiagnosis of hyperproliferative 
changes (185,187). If FNA is unsuccessful, open biopsy, 
preferably under local anesthesia, is performed. Core needle 
biopsy may also be a more cost-effective method as studies in 
nonpregnant women have shown it to also have a high 
sensitivity and specificity (188-191). 

In the nonpregnant state, wide local excision with axillary 
node dissection and radiation is the preferred treatment for 
small unifocal masses. This alternative is less attractive during 
pregnancy, as radiation with boost doses to the tumor bed 
would cause internal scatter, resulting in fetal radiation 
exposure above acceptable levels (186). As such, mastectomy 
with axillary node dissection is traditionally the procedure of 
choice for stage I or II disease during pregnancy, as nodal 
metastases are commonly found in pregnancy-associated 
breast cancers, and the procedure may eliminate the need 
for postoperative irradiation. Treatment may be modified by 
delaying radiation until after delivery if the diagnosis is made 
in the late second trimester or beyond, while carrying out 
lumpectomy and axillary dissection during pregnancy at the 
time of initial diagnosis. 

Patients with either node-positive disease or node-negative 
disease, but tumor greater than 1cm, should receive 4 to 
6 months of chemotherapy. If the woman is far from term, 
breast-conserving surgery can be followed by chemotherapy 
after the first trimester and irradiation after delivery (185). 
Chemotherapy is usually withheld until the second trimester, 
as at least half of infants have no complications when their 
mothers are treated after the first trimester (150,192—194). The 
most common side effects of chemotherapy during pregnancy 
are preterm delivery, low birth weight, transient infant 
leukopenia, transient tachypnea of the newborn, and intrau- 
terine growth restriction. Long-term effects of chemotherapy 
on the newborn are unknown. 

Advanced disease calls for careful individualization of 
treatments. Delay of palliative treatment until achievement 
of fetal viability is a reasonable option when the diagnosis is 
made late in pregnancy. Otherwise, aggressive palliative 
treatment should be instituted without delay. Such treatment, 
which includes radiation, multiagent chemotherapy, and 
hormonal therapy, separately or in combination, poses 
considerable risk to the fetus. If such advanced disease is 
diagnosed early in pregnancy, termination may be considered. 
Therapeutic abortion does not appear to enhance maternal 
remission or survival in early-stage disease; however, it does 
allow for prompt initiation of therapy in advanced disease. 

Prognosis for pregnancy-associated breast cancer has been 
traditionally deemed dismal based on early reports. More 
recent studies have shown that the prognosis for breast cancer, 
stage-for-stage, is unchanged by pregnancy. Prognosis is most 
influenced by maternal age with 5-year survival rates of 75% 
for women over 40 years of age, but only 55% for those under 
40 years of age (195,196). Pregnancy-associated breast cancer 
tends to present at later stages with twice the rate of lymph 
node involvement (74% vs. 37%), even when controlled for 
age (195). This worse prognosis may be due to delayed 
diagnosis and treatment of pregnant patients. In addition, 
pregnancy-induced hormonal changes may alter the behavior 
of tumors. Over 70% of women with pregnancy-associated 
breast cancer had estrogen-receptor-negative tumors thought 
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to be secondary to the downregulation of receptor status 
during pregnancy (195). 

The traditional recommendation to wait 2 years after breast 
cancer treatment prior to a subsequent pregnancy is arbitrary 
as little scientific evidence exists in regard to this topic. The 
prognosis, both maternal and fetal, appears unaltered by 
subsequent pregnancy (196). However, some data now show 
that those women who do establish future pregnancies tend to 
demonstrate a “healthy mother effect” with better 10-year 
survival rates (197,198). A recent large population-based study 
of over 10,000 women demonstrated a reduced risk of dying in 
women who had a full-term pregnancy subsequent to breast 
cancer treatment (199). There was no evidence that a 
pregnancy after treatment for breast cancer has a negative 
influence on prognosis. Overall, future pregnancies appear to 
be safe unless the mother has an ER-positive cancer that has 
not been cured (197, 200, 201, 202). By contrast, there have 
also been studies evaluating the prognosis of a new breast 
cancer diagnosed after a pregnancy (203,204). The authors 
suggest that a new diagnosis of breast cancer within 2 years of a 
prior pregnancy is associated with decreased survival. The 
negative effect no longer persisted if the diagnosis was made 
greater than 10 years after the last pregnancy (204). 


Colorectal Carcinoma 

Colorectal carcinoma (CRC), one of the leading causes 
of cancer death in females, occurs only in 1 in 50,000 to 1 
in 100,000 pregnancies, with approximately 300 total 
reported cases. Most originate distally below the level of the 
peritoneal reflection (205,206). The mean age of diagnosis is 
32 years (207). CRC represents a serious threat not only to the 
mother, but also to the fetus as one prior study showed that 
only 25 of 32 women diagnosed with CRC during pregnancy 
went on to have healthy live born infants (208). Additionally, 
CRC is uncommon in young women and, when diagnosed 
within this age group, is oftentimes associated with predis- 
posing factors such as hereditary nonpolyposis CRC (Lynch 
syndrome), familial adenomatous polyposis, Gardner syn- 
drome, and chronic history of ulcerative colitis (209). 

Presenting symptoms include constipation, obstipation, 
abdominal pain, rectal or abdominal mass, rectal bleeding, 
nausea, and vomiting. Many of these signs and symptoms 
represent common complaints of normal pregnancy and 
therefore a delay in diagnosis until it has progressed to 
advanced-stage disease is common. Rectal bleeding of guaiac- 
positive stool is an alarming symptom, which requires full 
evaluation. Routine digital examination should be performed 
during prenatal evaluation. Distribution of lesions appears to 
be similar to that in the nonpregnant population, with 57% 
arising in the rectum, 20% in the sigmoid colon, and 23% in 
the remainder (207). 

Workup of a colorectal lesion normally requires colonoscopy 
with biopsy, a serum carcinoembryonic antigen level, and 
abdominal imaging (210,211). However, little data exist for 
colonoscopy during pregnancy and is still considered experi- 
mental. As such, risks and benefits should be fully disclosed to 
the patient and oftentimes only a partial colonoscopy will be 
performed to confirm the diagnosis while minimizing risk. 
Barium enema should be avoided if possible. Levels of the 
serum tumor marker, carcinoembryonic antigen, are generally 
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Table 11 Dukes Staging for Colorectal Carcinoma 


A Penetration into, but not beyond, the bowel wall 
B Penetration through the bowel wall 

C Positive lymph node involvement 

D Distant metastasis 


not affected in normal pregnancy and provide prognostic 
value (212,213). In regard to abdominal imaging during 
pregnancy, ultrasonography or MRI is the modality of choice. 

Treatment during the first two trimesters is generally 
immediate surgery with limited regard for the pregnancy, 
although frequently the pregnancy is unharmed if cancer had 
not metastasized to other pelvic structures. Even distal tumors 
may be resected with primary re-anastomosis using automatic 
staplers and abdominoperineal or low anterior resection 
procedures. If optimal resection is prevented by the gravid 
uterus, hysterectomy may at times be necessary; such a 
possibility must be addressed with the mother prior to surgery. 
If tumor is not resectable, diverting colostomy for decom- 
pression and palliation is the treatment of choice to allow the 
pregnancy to progress toward term. During the third trimester, 
one can await fetal maturity and perform cesarean section with 
subsequent tumor excision or diverting colostomy, depending 
on the extent of the disease. If the tumor is discovered near 
term, vaginal delivery may be considered, provided that tumor 
is not obstructing the pelvic outlet. With advanced-stage and 
surgically unresectable tumor identified at any stage of 
pregnancy, consideration may be given to awaiting fetal maturity, 
thus delaying palliative treatment until after delivery (207). 
Irradiation for colorectal cancer during pregnancy has a 
limited role due to the colon’s close proximity to the uterus, 
with no evidence of prolonging survival. Chemotherapy is 
recommended for Dukes C and D CRC. Several studies have 
shown a survival advantage if chemotherapy is administered 
within 5 weeks of resection of Dukes C CRC (213). Recently, 
research into new chemotherapeutic agents has also demon- 
strated survival benefits for Dukes D CRC (213). 

Pregnancy has not been shown to affect maternal prognosis 
or the natural source of colorectal cancer. The prognosis of 
pregnant women with CRC is dismal likely due to its delayed 
diagnosis. There are no reported 5-year survivors for colon 
cancer. Few with rectal carcinoma are reported, owing to the 
advanced stage at presentation. Over one-half of pregnant 
patients with CRC present with Dukes stage C or a more 
advanced stage (see Table 11 for staging) (206) and 25% of 
pregnant women with CRC have ovarian metastases compared 
with 3% to 8% in nonpregnant women (214,215). Theoreti- 
cally, the estrogen-binding capacity of cells derived from CRCs 
may indicate accelerated cancer growth during pregnancy. 
However, survival data between pregnant and nonpregnant 
patients are comparable stage-for-stage. Information regard- 
ing fertility after CRC is limited and has focused on those 
cancers treated with 5-fluorouracil. The general consensus is 
to wait at least 1 to 2 years before pursuing a subsequent 
pregnancy to allow the body sufficient time to recover. 


Melanoma 
Melanoma represents 1% of all cancers diagnosed in the 
United States, with approximately 30% occurring in women of 
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reproductive age (216). It complicates pregnancy with an 
estimated incidence of 0.14 to 2.8 cases per 1000 pregnan- 
cies (217). In general, incidence rates have increased dramat- 
ically over recent decades in the United States (218) and, as 
such, could increase the incidence rates during pregnancy. 

The majority of patients present with a change in the size 
and color of a preexisting nevus. More advanced melanomas 
may present with ulceration and bleeding. Excisional biopsy of 
the entire suspicious pigmented lesion is the diagnostic 
procedure of choice. Microscopic measurement of the actual 
tumor thickness, as outlined by Breslow, most accurately 
reflects the prognostic index and is of utmost importance in 
the clinical management of patients (219). The Clark level, 
which describes the anatomic level of invasion, should also be 
assessed. Following histopathologic evaluation of the biopsy, 
the patient should be clinically staged with a thorough history 
and complete physical examination. The most common 
clinical staging system defines stage I as local disease without 
clinically palpable regional lymph nodes, stage II as having 
suspiciously palpable regional lymph nodes, and stage III as 
having distant metastases (220). Further tests, such as serum 
liver function studies, or radionucleotide or computed 
tomography scans of the liver, bone, or brain, should be 
performed only for specific signs or symptoms suggesting 
metastatic disease. 

Local excision with wide margins is the only effective cure 
for melanoma and this approach should not be influenced by 
pregnancy (221). Regional lymphadenectomy has not proven 
to be beneficial when lymph nodes are not palpable, but 
clinically involved lymph nodes should be excised. Distant 
metastatic disease may be treatable with systemic chemother- 
apy with a response rate of 20% to 25%. Metastatic melanoma 
is resistant to most forms of therapy. Immunotherapy or 
radiotherapy are unproven modalities during pregnancy. 

Pregnancy-associated increases in pigmentation and mela- 
nocyte-stimulating hormone, presence of estrogen receptors 
on 46% of melanomas, reports of rapidly fatal courses in 
pregnancy, and reports of tumor regression postpartum or 
with hormonal therapy have led to the speculation that the 
course of malignant melanoma may be adversely affected by 
pregnancy (222). Additionally, incidence rates are higher in 
females compare with males only during the first four decades 
of life. However, two population-based studies showed that 
the number of incident melanoma cases diagnosed during 
pregnancy did not differ from the number expected based on 
current estimated prevalence rates (223,224). Overall, research 
has failed to demonstrate a clear association between estrogen 
and melanoma or between pregnancy-associated factors and 
subsequent development of melanoma (225). 

Melanoma is one of the most unpredictable cancers. 
Extensive research had failed to provide conclusive evidence 
for either a beneficial or deleterious effect of pregnancy on its 
clinical course. Most recent studies that control for prognostic 
factors have demonstrated similar survival between pregnant 
and nonpregnant patients. When controlling of tumor site, 
age, Breslow thickness, and Clark level, an overall mortality of 
25% in the pregnancy group was found during a 7-year mean 
follow-up period (226). For all patients, melanoma prognosis 
is closely related to Breslow thickness (the depth of the lesion 
from the granular cell layer of the epidermis to the deepest 
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identifiable tumor cells) (227,228) as well as anatomic site and 
presence of tumor ulceration (229). 

Early-stage disease is managed surgically while more 
advanced-stage disease is often treated with combination 
chemotherapy. Although Reintgen and colleagues (216) 
reported no difference in survival for patients who developed 
melanoma during pregnancy or for those who became 
pregnant within 5 years of diagnosis, most clinicians advise 
patients to avoid a subsequent pregnancy for 2 to 5 years after 
diagnosis, since 60% to 86% of melanomas recur during this 
period (216,221). 

In addition, when melanoma complicates pregnancy, both 
the fetus and the placenta should be examined closely after 
delivery because melanoma is the most common tumor 
metastasizing to the fetus and the placenta. The presence of 
metastases to the placenta is classified as stage IV disease, and 
all patients with placental metastases, except one, have died 
within 7 months (230). Overall, this phenomenon is 
exceedingly rare, with fewer than 20 reported cases. 
Termination of the pregnancy is not warranted, as infant 
survival, even with metastatic melanoma, is 75% (221,222). 
Of note, no cases of fetal metastases have been reported when 
the placenta did not demonstrate malignant transforma- 
tion (225). Such information may prove useful in counseling 
couples after delivery. 


Hematologic Malignancies 

Hematologic malignancies are the third most common 
cancer complicating pregnancy (25% of cases) after cervical 
cancer and breast cancer (231—233). The three most common 
include Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, 
and leukemia. 


Leukemia 

The development of leukemia during pregnancy is rare, with 
an incidence of 1 in 75,000 pregnancies (234). Acute and 
chronic leukemias occur with equal frequency, although acute 
leukemias are more frequently diagnosed during preg- 
nancy (235,236). Among the acute forms, acute myelogenous 
leukemia (AML) is more common than acute lymphocytic 
leukemia (ALL). Ninety percent of the chronic leukemia cases 
are myelocytic, with the remainder being chronic lymphocytic 
leukemia (237). 

The majority of pregnant women found to have leukemia 
are diagnosed during routine prenatal care. Signs and 
symptoms of acute leukemia include anemia, granulocytope- 
nia, thrombocytopenia, splenomegaly, fatigue, fever, infection, 
and evidence of a bleeding diathesis. Physical exam may 
demonstrate pallor, petechiae, or ecchymoses. The diagnosis 
of leukemia oftentimes is confirmed by bone marrow 
examination. However, it can be initially suspected when a 
peripheral blood smear demonstrates a normocytic, normo- 
chromic anemia with a mild to severe thrombocytopenia. Blast 
cells are virtually always present despite a normal or low white 
blood cell count (238). Additionally, if the patient presents 
with a leukocytosis, flow cytometry and cytogenetics of a 
peripheral blood sample can be sufficient for diagnosis. 

ALL in adults is seen in the 30- to 40-year-old age group. 
While anemia and splenomegaly are common, only 25% of 
patients will have white blood cell counts greater than 
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50,000/mm° (239). By contrast, AML most commonly occurs 
in 30- to 60-year-old women and 75% will have white blood 
cell counts greater than 50,000/mm°. The usual age of 
presentation of acute leukemia during pregnancy ranges from 
23 to 28 years (237). As such, it is not unexpected that AML is 
more commonly encountered during pregnancy (240). 

Chronic leukemia usually presents with lymphadenopathy, 
splenomegaly, leukocytosis, and constitutional symptoms. 
Chronic myelocytic leukemia (CML) accounts for the major- 
ity of chronic leukemias complicating pregnancies, with a 
median age of 35 years (241). CML is generally indolent, with 
a median age onset of 60 years, which accounts for its relative 
rarity during gestation. 

Treatment of acute leukemia with chemotherapy is based on 
the ultimate goal of eradicating all leukemic clone cells from 
the bone marrow with subsequent prevention of future 
emergence of resistant clone cells. As such, the treatment 
strategy is based on divided phases classified as induction, 
consolidation, and maintenance (242,243). For those patients 
who do not achieve remission, allogeneic hematopoietic stem 
cell transplant is an option. Common chemotherapy induction 
regimens for ALL include anthracyclines, cytarabine, and 
vincristine in combination with steroids and L-asparaginase. 
AML is treated with anthracyclines and cytarabine only. 
Additionally, induction-induced morbidities must be pre- 
vented and treated as needed, such as cotrimoxazole for 
pneumocystis carinii prophylaxis and fluconazole for preven- 
tion of Candida albicans infections. 

Experience in the treatment of leukemia during pregnancy 
is limited. Without treatment, the median survival time for 
patients with acute leukemia is 2 months. With treatment, 
65% to 75% of adults with ALL will gain complete remission; 
however, recurrence is common and only one-third of patients 
with ALL will be long-term survivors. A similar proportion of 
individuals less than 60 years of age treated for AML will 
achieve complete remission, with 40% of these experiencing 
eventual cure (241). Chronic leukemia is more indolent and 
can be successfully controlled with chemotherapy for a long 
period of time. 

The patient diagnosed with acute leukemia during preg- 
nancy poses a difficult problem. Due to the poor prognosis and 
rapid progression of this disease, immediate treatment is 
needed. Since there is no evidence that pregnancy alters the 
natural course of leukemia, terminating the pregnancy will not 
improve survival of the patient. Additionally, expert opinion 
holds that the outcome of pregnant patients with acute 
leukemia is adversely affected only when appropriate therapy is 
withheld for more than a few weeks (244). 

Combination chemotherapy has become the therapeutic 
management of choice in patients with acute leukemia. 
Children who were exposed to chemotherapeutic agents in 
utero showed normal growth and development from 1 to 
17 years of age (235). If given after the second trimester, 
chemotherapy is not associated with an increased rate of fetal 
malformations (240). Remission rates of pregnant women 
treated with combination chemotherapy compare favorably 
with those in comparable nonpregnant women. Standard anti- 
leukemic agents, such as cytarabine and anthracyclines, can be 
safely administered during the second and third trimesters. 
However, antifolates should be avoided during the first 
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trimester, owing to a 10% to 20% risk of congenital anom- 
alies (245). Use of L-asparaginase during pregnancy should 
always been done with caution as it has been shown to decrease 
the levels of certain thrombosis inhibitors and is associated with 
a significantly increased risk of thromboembolism (246-249). It 
is important to note that evidence shows that delaying 
appropriate chemotherapy for more than a few weeks at any 
time other than the latter part of the third trimester is associated 
with excessive fetal mortality (235,250,251). 

Intrathecal chemotherapy and whole-brain radiation may 
safely be performed during any trimester of pregnancy (252). 
There is an increased risk of infection, stillbirth, and 
spontaneous abortion associated with leukemia treat- 
ment (250). Patients diagnosed with leukemia during the first 
half of pregnancy have only a 50% to 60% chance of producing 
a healthy live infant. Intrauterine growth restriction is seen in 
approximately 8% of infants of mothers treated for leukemia 
during pregnancy (244). 

Chronic leukemia is generally a more indolent disease and 
treatment should be withheld until after delivery if possible. 
As seen with acute leukemia, pregnancy does not appear to 
alter the natural course of chronic leukemia. Maternal and 
fetal outcomes are generally excellent, with survival rates of 
96% and 84%, respectively (253), and are not significantly 
different from that expected for nonpregnant women. 
Interferon-a has been used in at least 10 cases of chronic 
leukemia-complicated pregnancy without adverse maternal 
effects with only one case of transient neonatal thrombocy- 
topenia (254,255). The main goal of treating chronic 
leukemias during pregnancy is to control splenomegaly, 
leukocytosis, and constitutional symptoms. 


Lymphoma 

Lymphoma is a relatively common malignancy presenting 
during the reproductive years. It occurs in 1 in 1000 to 1 in 
6000 pregnancies. Approximately 25% to 40% of lymphomas 
are Hodgkin’s type, with the average age of onset being 
32 years. Hodgkin’s disease is the most common type of 
lymphoma associated with pregnancy (256). 

The majority of women with lymphoma are asymptomatic. 
On physical examination, 80% will have superficial lympha- 
denopathy. Those with Hodgkin’s disease are more likely to 
have localized lymphadenopathy, most often involving 
cervical, submaxillary, or axillary nodes. A small percentage 
of patients have fever, night sweats, weight loss, or pruritus, 
which are associated with poor prognosis. Biopsy is the “gold 
standard” of diagnosis. The histology of Hodgkin’s lymphoma 
often shows multinucleated Reed—Sternberg cells with a 
pattern that is most commonly nodular sclerosing or 
lymphocytic. Histology is no longer thought to contribute to 
overall prognosis, as recent evidence demonstrates that the two 
most important prognostic factors are stage of disease and 
patient’s age (244). Hodgkin’s lymphoma is staged by the Ann 
Arbor staging system. 

Patients with non-Hodgkin’s lymphoma commonly present 
with high- or intermediate-grade diffuse histologic patterns 
and have a poorer prognosis than those with a nodular 
pattern (53). They are histologically distinguished from 
Hodgkin’s lymphoma by the absence of Reed—Sternberg 
cells. They comprise a heterogeneous group of lymphoid 
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malignancies and differ in their presentation, stage at 
diagnosis, and prognosis. The classification system now used 
is based on the WHO classification system and uses 
morphologic, genetic, immunophenotypic, and clinical fea- 
tures. This has been shown to provide a higher degree of 
diagnostic accuracy and reproducibility (257). 

The treatment of lymphoma depends on accurate staging, 
and minimal evaluation requires examination by the physi- 
cian, chest radiographs, bone marrow biopsy with aspirate and 
core, and imaging of the abdomen usually with MRI. 
Abdominal ultrasound examination for retroperitoneal ade- 
nopathy or hydronephrosis may be helpful in staging. 
Lymphangiograms are rarely used in the current evaluation 
of lymphoma. 

Once staging is complete, treatment generally should not be 
compromised because of the pregnancy. In the nonpregnant 
woman, nodal radiotherapy and combination chemotherapy 
result in cures for 70% of patients with Hodgkin’s disease and 
50% of patients with non-Hodgkin’s lymphoma (256). 
Patients in the third trimester with localized Hodgkin’s disease 
can be allowed to deliver prior to therapy (245). Treatment 
during the first and second trimesters and in patients with 
advanced disease or high-grade tumors is more complex. 
Localized disease above the diaphragm can be treated with 
radiotherapy with abdominal shielding. More extensive disease 
is best treated with combination chemotherapy to reduce the 
large fetal radiation exposure. The same considerations 
concerning combination chemotherapy as discussed with 
leukemia apply to lymphoma. 

Placental metastases have been reported in both leukemia 
and lymphoma patients and, as such, the placenta should be 
closely examined after delivery as well as be sent to pathology 
for histologic evaluation. As a group, they account for 19% of 
the malignancies metastatic to the products of conception and 
50% of those metastatic to the fetus (232,258). Postpartum 
contraception is important as many patients often require 
prolonged maintenance therapy. Breast-feeding should be 
avoided as little data exist regarding the specific chemotherapy 
agents used to treat these malignancies and their potential for 
neonatal adverse effects. 


Thyroid Cancer 

Thyroid cancer is the most frequently encountered cancer in 
the reproductive age group, with 50% of cases occurring in 
women of 15 to 44 years of age. In the general population, it is 
the most common endocrine cancer, with an estimated 
incidence of 9 per 100,000 (259). Approximately 10% of 
thyroid cancers that occur during the reproductive years 
are diagnosed during pregnancy or in the first year after 
birth (260,261). Some case-control studies suggest that 
hormonal factors may play an etiologic role in the develop- 
ment of thyroid cancer (262). This theory is supported by 
isolated studies showing an increased incidence in pregnancy 
and a decreased incidence, equal to that in males, following 
menopause. Clinically detectable thyroid nodules are three to 
four times more likely in pregnant women, and although most 
are benign, there are reports that up to 39% to 43% of these 
nodules are malignant (261). Thyroid stimulation is thought 
to be caused by the high levels of beta-hCG, which also has 
thyroid-stimulating activity. However, there is currently no 
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consensus about the impact of pregnancy on thyroid cancer, 
and the precise incidence of thyroid cancer in pregnancy is 
unknown (263). 

The most common histologic type is papillary, followed by 
follicular and mixed papillary—follicular. These histologies 
have a favorable prognosis, whereas the less commonly 
occurring medullary and anaplastic patterns do not. The 
usual clinical presentation is that of a single thyroid nodule 
that has up to a 20% chance of being malignant. Rapid growth 
and fixation of the nodule to the surrounding structures or 
cervical lymphadenectomy are common findings for advanced 
disease. Risk factors for developing thyroid cancer are prior 
head or neck irradiation and a family history of multiple 
endocrine neoplasms. 

Diagnosis is often made by palpation, but must be 
confirmed by biopsy. FNA has been shown to be a safe and 
effective technique in pregnant women, with false-positive 
results being exceedingly rare and false-negative results 
occurring in only 5% to 10% of cases (252). Some advocate 
fine-needle aspiration of all thyroid nodules prior to 20 weeks 
of gestation, and after 20 weeks, only those that grow during 
suppressive therapy should be sampled (264). Radioisotope 
nuclear scanning is contraindicated in pregnancy, because 
radioactive isotopes are taken up by the fetus. Other methods, 
such as ultrasound, can be used to distinguish solid-form 
cystic nodules. Thyroid function tests may also be helpful and 
can diagnose unsuspected thyroiditis. If medullary thyroid 
cancer is suspected, a calcitonin level should be checked as 
well. Normally, pregnancy witnesses a hypertrophy of the 
thyroid gland from follicular cell hyperplasia, and total 
triiodothyronine and thyroxine levels are elevated while 
triiodothyronine resin uptake is decreased secondary to 
increased thyroid-binding globulin. Thyroid-stimulating hor- 
mone is in the normal to slightly elevated range. 

Treatment of choice for all primary carcinomas is surgery. 
Thyroidectomy is safe in the midtrimester and does not appear 
to increase the risk of adverse perinatal outcomes (265). 
Cancer discovered during the first or early second trimester 
should prompt immediate surgery (263). In the third 
trimester, a brief delay to allow fetal pulmonary maturity 
may be acceptable, and even malignant nodules diagnosed at 
any time after 20 weeks may be followed unless noted to be 
rapidly growing or of undifferentiated histology (261,266). 
Similarly, surgery for indeterminate findings on FNA can be 
delayed until after delivery as well unless the nodule is 
increasing in size (261). Well-differentiated forms of papillary 
and follicular histology are treated with subtotal thyroidect- 
omy. Extensive neck dissection performed for cervical 
lymphadectomy carries an increased incidence of spontaneous 
abortion. Poor prognostic medullary or anaplastic forms may 
present at very advanced stages, in which case regard for fetal 
development may predominate. Treatment with radioactive 
iodine, which is often used for adjuvant therapy in follicular 
thyroid cancers, is contraindicated, since it crosses the placenta 
and is trapped by the fetal thyroid. 

Overall, prognosis during pregnancy appears unchanged 
when controlling for stage and histology; thus, abortion or 
prevention of subsequent pregnancy is unwarranted. When 
surgery is performed, vigilance for hypothyroidism and 
hypoparathyroidism should be maintained throughout 
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pregnancy as well as postpartum. After surgery and iodine 
treatment, hormonal replacement therapy is suggested to 
suppress thyroid-stimulation hormone. Thyroid hormone 
replacement is safe and effective in pregnancy. Subsequent 
pregnancy after treatment with radioactive iodine is safe as 
the gonadal impairment is only temporary and reversible, and 
there have been no reports of stillbirths, malformations, early 
deaths, or malignancies (267). In general, it is recommended 
to wait 1 year after treatment prior to pursuing another 
pregnancy to avoid all potential adverse side effects. 


Bone and Soft-Tissue Sarcomas 

Bone and soft-tissue sarcomas are relatively common 
malignancies in the reproductive age group. Their presence 
in association with pregnancy, however, is very rare, as there 
are less than 50 such recorded cases in the literature (268). The 
majority of these cases are osteosarcomas, followed by Ewing’s 
sarcomas. Genital sarcomas of the cervix, vagina, and vulva 
include liposarcomas, histiocytomas, myosarcomas, and 
leiomyosarcomas, with and without peritoneal dissemination. 

The majority of patients present with symptoms of localized 
pain or a mass. Diagnostic procedures commonly used to 
assess sarcomas include radiographs with abdominal shielding 
during pregnancy. Osteogenic sarcomas may require radio- 
isotope bone scanning, which is thought to be of low risk to 
the fetus (269). Definitive diagnosis of any type of sarcoma 
requires biopsy. Although pregnancy has no proven deleter- 
ious effects on the natural course of sarcomas, delayed 
diagnosis results in postponed treatment. These tumors 
present at advanced stages, which may explain isolated reports 
of worsened prognosis for sarcomas in pregnancy (270). The 
aggressive biologic behavior of pelvic sarcomas may be 
enhanced by hypervascularity or hormonal stimulus; however, 
an impaired prognosis for most sarcomas associated with 
pregnancy remains unsubstantiated. 

Owing to the diversity of histologic types, anatomic 
locations, stages of disease, and forms of treatment for 
different types of sarcomas, it is difficult to generalize 
treatment options. Since maternal prognosis for all types of 
sarcomas is poor, a combination of surgery, irradiation, and 
aggressive multiagent chemotherapy is warranted (271). Most 
clinicians recommend that the pregnant woman should be 
managed without regard for the pregnancy during the first two 
trimesters of gestation. In cases presenting in the third 
trimester, the fetus may be delivered vaginally or by cesarean 
section for obstetric indications as soon as pulmonary 
maturity is documented, so that aggressive treatment can be 
initiated. Although based on limited experience, more recent 
reports advocate the initiation of multiagent chemotherapy for 
control of systemic disease during any stage of gestation. Such 
therapy is based on the rationale that mortality in sarcomas 
often results from distant metastases and not local recurrence, 
and chemotherapy is relatively well tolerated by the fetus with 
the exception of the first trimester. 


Tumors of the Central Nervous System 

The Third National Cancer Study indicates that 21% of brain 
tumors affect women in the childbearing years (2); however, 
only 220 cases of central nervous system (CNS) tumors 
occurring during pregnancy have been reported in the world’s 
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literature over the past 90 years (272). Intracranial tumors 
occur in pregnancy with a reported frequency of 3.6 per 
10 (25) births (273). The most common neoplasms are glial 
neoplasms, followed by meningiomas and acoustic neuro- 
mas (274) and have similar frequencies in pregnant and 
nonpregnant women. Certain CNS tumors, such as menin- 
giomas, pituitary adenomas, and vascular neoplasms, have a 
slightly increased incidence during pregnancy. 

Although not well established, the fact that meningiomas 
predominate in women, enlarge rapidly during pregnancy, and 
express estrogen and progesterone receptors suggests a causal 
relationship between the tumors and pregnancy (275). 
Pregnancy normally results in pituitary enlargement secondary 
to hyperplasia of prolactin-secreting acidophilic cells and it 
also appears to stimulate the growth of pituitary microadeno- 
mas, making them clinically apparent (276). The relative 
frequency of CNS vascular tumors is also increased during 
pregnancy, with hemangioblastomas and spinal hemangiomas 
predominating. This increased incidence is attributed to 
retrograde engorgement of vascular channels in the tumor 
secondary to increased venous pressure from compression of 
the inferior vena cava in the gravid uterus, as well as an overall 
increased blood volume (277). These factors permit occult 
vascular tumors to become clinically apparent. Additionally, 
growth of residual lesions or recurrence is possible during 
pregnancy in previously treated patients (274). 

Symptoms of brain tumors manifesting during pregnancy, 
such as nausea and vomiting, can be mistakenly attributed to 
the pregnancy. In addition, headache and visual disturbances 
commonly caused by brain tumors may be misinterpreted as 
signs of pre-eclampsia or optic neuritis. Spinal cord tumors 
cause symptoms of spinal cord compression, depending on the 
level involved. Early symptoms, such as fatigue, backache, and 
nerve-root irritation, may also be confused with common 
pregnancy-related complaints. 

The diagnosis of CNS tumors can be established by 
radiographic studies, such as computed tomography scans, 
MRI, myelography, and angiography. Prolactin levels are 
useful in assessing pituitary tumors, and examination of the 
cerebrospinal fluid is helpful with spinal cord tumors. 
Definitive diagnosis of any tumor requires histologic exam- 
ination. The coexistence of a CNS tumor and pregnancy 
should not preclude diagnostic studies. 

The management of CNS tumors must be considered on an 
individual basis. In general, immediate treatment is necessary 
when symptoms are severe or progressive. Once the diagnosis 
of a CNS tumor is established, the patient should be closely 
observed for sudden increase in intracranial pressure, loss of 
visual fields, or progressive neurologic deficits. The treatment 
of choice for most CNS tumors, including meningiomas and 
spinal cord tumors, is surgery. Other tumors may respond to 
radiation therapy, which is not contraindicated during 
pregnancy provided the tumor is above the thoracic region 
and the fetus can be appropriately shielded. Prolactinomas can 
be treated with bromocriptine even during pregnancy, but 
surgical management is still preferred. When symptoms are 
mild or occur during the third trimester, careful observation 
with conservative medical treatment aimed at reducing 
intracranial pressure until fetal maturity is suggested (278). 
When symptoms are severe, treatment is mandatory without 
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regard to the pregnancy to prevent further neurologic deficits 
or death. Neurosurgery is particularly safe in the third 
trimester. The best mode of delivery in the presence of 
increased intracranial pressure remains to be determined. 


CHEMOTHERAPY IN PREGNANCY 

Oftentimes, chemotherapy treatment cannot be delayed 
until after delivery for pregnant women diagnosed with 
certain cancers. Most chemotherapeutic agents have been 
associated with adverse fetal side effects (279). However, 
safe use of chemotherapy has also been reported in the 
second and third trimesters with little evidence for adverse 
neonatal outcomes. The risks regarding chemotherapy 
use during pregnancy depend on the timing of exposure, 
the dose, and the characteristics affecting placental transfer. 
Those factors that most readily affect placental transfer from 
mother to fetus are high lipid solubility, low molecular 
weight, and loose binding to plasma proteins. It is also 
thought that genetic predisposition to teratogenicity might 
explain why some women have increased susceptibility 
compared with others (279). Risks of chemotherapy vary 
depending on the gestational age. Use of chemotherapy in 
the first trimester carries the risk of spontaneous abortion, 
fetal death, and major malformations. The gestational weeks 
2 to 8 comprise the period of organogenesis and, as such, 
represent the time when the fetus is most vulnerable to 
teratogenic insults. Chemotherapy administered during the 
second and third trimesters increases the risk for intrauter- 
ine growth restriction and low birth weight. Unfortunately, 
transplacental studies have been unsuccessful in effectively 
monitoring fetal exposure to the administration of che- 
motherapeutic agents to the mother (280). 

Pharmacokinetic changes associated with pregnancy are 
largely unknown, and pregnant women receive similar weight- 
based doses as those who are not pregnant. Given the increased 
blood volume and renal clearance that occurs with pregnancy, 
these women may receive decreased doses of the active agent. 
There is also a thought that a faster hepatic mixed-function 
oxidase system combined with decreased plasma albumin 
levels may also affect drug absorption. Currently, no 
pharmacokinetic studies have been done in pregnant women 
receiving chemotherapy. 

Overall, delivery should be avoided during the maternal 
nadir period, which occurs 2 to 3 weeks after treatment. 
Chemotherapy should not be administered after 35 weeks of 
gestation as spontaneous delivery could occur before the bone 
marrow has recovered. The ability of an agent to cross the 
placenta correlates poorly with its ability to pass into breast 
milk, and breast-feeding is considered contraindicated while 
undergoing chemotherapy. As always, the decision to use 
chemotherapy in pregnancy must be weighed against the effect 
of treatment delay on maternal survival and the overall risk to 
the fetus. 
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36 Chemotherapy in pregnancy 
Mark I. Hunter 


INTRODUCTION 

Fortunately, both the diagnosis of cancer during pregnancy 
and the diagnosis of pregnancy during the active treatment 
of a previously diagnosed cancer are rare occurrences, with 
cancer affecting approximately 1 in every 1000 pregnan- 
cies (1). However, with such a large population of females 
within the reproductive age range, the number of patients 
and providers having to face such difficult treatment 
decisions is not insignificant. Fortunately, there are a 
growing number of options besides pregnancy termination, 
based on an increasing understanding of the effects of 
various chemotherapeutic agents on the growing fetus, at 
different stages of development. 

The cancers occurring most commonly in pregnancy 
include cancers of the breast, uterine cervix, ovary, colon, 
and the lymphomas (2). Alternatively, the cancers most likely 
to occur in a woman of reproductive age include thyroid 
cancer and cervical cancer. As more women are waiting until 
into their 30s and 40s to have children, age-dependent cancers 
occurring in pregnancy may be of increasing importance. 
Regardless of the type of cancer diagnosed, patients are often 
left with difficult choices. They frequently have the incorrect 
assumption that they cannot simultaneously make the decision 
to save their own life, while preserving the life and health of 
their unborn child. Naturally, a team of support staff and 
counselors should be available to work through these issues as 
patients are educated and decisions are made. 


COMMON CANCERS IN PREGNANCY 

Breast Cancer 

It is estimated that breast cancer affects between 19 and 33 per 
100,000 pregnancies (3-5). The pathologic distribution of 
these tumors appears to coincide with other young non- 
pregnant patients and is predominantly ductal invasive 
carcinoma (6). They tend to be less likely to be estrogen or 
progesterone receptor positive, and there are mixed data on 
whether the pregnant state alters the likelihood of Her-2/neu 
positivity (7,8). The prognosis for women with breast cancer 
diagnosed in pregnancy is similar to that of other nonpregnant 
young women (9,10). 

Treatment for patients with breast cancer may include 
surgery, chemotherapy, and radiation. The use of radiation 
treatment is best avoided whenever possible at any time during 
pregnancy. Doses lower than 1Gy have been associated with 
increases in the rate of mental retardation and are most 
pronounced when the fetus is exposed in the first trime- 
ster (11). Surgery, however, is thought to be safe and can be 
performed at any time during the pregnancy. As with all 
cancers, it is generally preferred to wait until after 12 weeks of 
gestation to perform surgery, avoiding the coincident associa- 
tion with a spontaneous abortion. 


The use of cytotoxic chemotherapy in pregnancy has been 
reported for a number of different tumor types. While most of 
these studies have a limited number of patients, the data would 
suggest that many of these agents are quite safe in pregnancy, 
particularly in the second and third trimesters. In breast 
cancer, the use of a combination of 5-fluorouracil (5-FU), 
doxorubicin, and cyclophosphamide was found to be without 
complication to the fetus or infant when given in the second or 
third trimester (12). Taxanes have been used to treat patients 
with breast cancer. However, published studies at this time are 
limited to a small number of case reports (13,14). Other drugs 
used to treat breast cancer include vinorelbine, capecitabine, 
gemcitabine, trastuzumab, and tamoxifen, many of which are 
discussed subsequently. 


Cervical Cancer 

Owing to the adoption of a revolutionary screening program, 
most cervical cancers are caught early. However, there are 
many women who either fail to participate in cervical cancer 
screening or are failed by the inherent false-negative rate 
of modern screening techniques. Indeed, as many as 40% of 
women diagnosed with cervical cancer are of childbearing age, 
with the incidence of cervical cancer in pregnancy estimated to 
be between 1.5 and 12 per 100,000 (5,15,16). 

Surgical options for the treatment of women with cervical 
cancer include cold knife conization and extrafascial hyster- 
ectomy for microinvasive disease, and radical hysterectomy for 
more advanced stages. Although conization has been per- 
formed safely in pregnancy, it has also been associated with 
severe bleeding and preterm labor, and is generally discour- 
aged (17). It may be appropriate to delay treatment until after 
the completion of pregnancy for patients with microinvasive 
disease. It is recommended that these patients then undergo 
cesarean section, with or without hysterectomy. Hysterectomy 
can be performed at the time of diagnosis with the fetus in 
utero if pregnancy termination is desired. 

In cases where cervical cancer is diagnosed early in 
pregnancy and termination is not an acceptable option, 
investigators have described the use of neoadjuvant che- 
motherapy. Significant responses have been reported in some 
cases, with reductions in tumor volume, enabling both delays 
in delivery and effective postpartum treatments (18,19). 
Agents used include combinations of cisplatin with vincristine 
or bleomycin (19,20). Delays in definitive treatment of up to 
32 weeks have been reported, with patients who have gone on 
to achieve surgical resection without further recurrence (21). 


Ovarian Cancer 

As the use of ultrasound has become exceedingly common in 
the evaluation of early pregnancies and is, in fact, the standard 
of care in the midtrimester, an increasing number of ovarian 
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masses are being incidentally discovered. Although the 
majority of these masses are benign, a reported 2% to 3% 
are found to be malignant (22). The estimated incidence of 
ovarian cancer is 7 to 8 per 100,000 pregnancies (22,23). If 
reasonable, it is best to delay the surgical evaluation of an 
adnexal mass until after the rate of spontaneous abortion has 
dropped and the pregnancy has become independent of the 
corpus luteum, with an optimal target window of 16 to 
18 weeks of gestation. If the mass is found to be cancer on 
frozen section, then surgical staging and optimal cytoreduc- 
tion can be performed without significant risks to the fetus. 
Adjuvant chemotherapy for the treatment of ovarian cancer 
currently includes the use of a platinum and a taxane, such as 
carboplatin and paclitaxel. The use of a platinum with 
paclitaxel has been reported in pregnancy with normal growth 
and development in infants and children at follow-up (24,25). 


Malignant Melanoma 

Unlike most other cancers developing in pregnancy, transpla- 
cental spread of malignant melanoma from mother to fetus 
has been described (26). Treatment of early-stage lesions is 
focused on surgical excision and can be performed safely in 
pregnancy as described previously. It is now quite common to 
perform sentinel lymph node mapping on patients at risk of 
having regional metastasis. Overall, it is thought that the use of 
radioactive tracers in pregnancy exposes the fetus to a very low 
dose of radiation (<0.5cGy) and can be used safely (27). 
Alternatively, for lesions excised later in the pregnancy, lymph 
node mapping and excision can be delayed until the 
postpartum period. 

For patients with distant metastatic spread of melanoma, 
the use of chemotherapy has not met with impressive 
results. Agents administered during pregnancy include 
dacarbazine, temozolomide, cisplatin, vinblastine, and 
interferon alpha2b (28,29). 


Lymphoma 

Lymphoma, including both Hodgkin’s lymphoma (HL) and 
non-Hodgkin’s lymphoma (NHL), has been estimated to 
affect 8 to 16 per 100,000 pregnancies (5,30). Patients with 
NHL tend to have more aggressive histologic subtypes and 
advanced-stage disease. Staging for the pregnant patient with 
lymphoma may include history and physical examination, 
blood tests, bone marrow biopsies, and chest X-ray with 
abdominal shielding. Although CT scans are well below the 
levels that might be considered teratogenic, such scans may be 
replaced with ultrasound or MRI where appropriate. 

The use of radiation in the treatment of lymphoma is fairly 
routine. Although for reasons discussed previously, it may be 
omitted in the treatment of a pregnant patient. Furthermore, 
pregnancy termination should be considered at least for the 
patient diagnosed with aggressive NHL in the first trimester, 
when immediate treatment is critical. 

HL is commonly treated with regimens such as ABVD 
(adriamycin, bleomycin, vinblastine, dacarbazine). Other 
regimens include BEACOPP (bleomycin, etoposide, doxor- 
ubicin, cyclophosphamide, vincristine, procarbazine, and 
prednisone), the Stanford V protocol (mechlorethamine, 
doxorubicin, vinblastine, vincristine, bleomycin, etoposide, 
and prednisone), and MOPP (mechlorethamine, vincristine, 
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procarbazine and prednisone). Rituximab with combined 
chemotherapy has also been described (31). 


Thyroid Cancer 

While thyroid cancer is not the most commonly diagnosed 
malignancy occurring in pregnancy, it is more likely to be 
diagnosed during pregnancy because of its predilection for 
females of reproductive age. Imaging studies commonly used 
in the evaluation of a possible thyroid cancer include CT scans 
to evaluate both the extension of the tumor into adjacent 
tissues and the presence of cervical lymphadenopathy, and 
ultrasound, to delineate lesion size, and its cystic and solid 
characteristics. Fine-needle aspiration is of varying accuracy 
depending on histologic type, although it can generally be 
performed safely in pregnancy. 

Surgery remains the most important treatment modality for 
patients with differentiated thyroid cancer, and total thyr- 
oidectomy is preferred to hemithyroidectomy (32). However, 
surgical timing must be weighed against risks to the fetus and 
the inherent and often coincidental rate of spontaneous 
miscarriage in the early trimester, as previously discussed. 
Unique to thyroidectomy, however, is the careful considera- 
tion of neurologic development in a fetus exposed to improper 
levels of thyroid hormone following complete removal of the 
thyroid. After about 18 weeks of gestation, fetal thyroid 
production begins, and the effects of a maternal thyroidectomy 
become less important. However, it should be noted that 
several retrospective studies have failed to demonstrate a 
significant difference in disease progression or outcomes for 
patients in whom thyroidectomy was delayed until after 
delivery, when compared with those performed during the 
second trimester (32). Radioactive iodine is a commonly used 
adjuvant therapy for patients with thyroid cancer. It is 
frequently given 3 to 6 months after thyroidectomy and is 
not recommended during pregnancy. 


SYSTEMIC CHEMOTHERAPY 

Introduction 

The overall incidence of congenital malformations after the 
use of cytotoxic drugs during pregnancy has been reported to 
be approximately 3%, which does not differ significantly from 
the baseline risk of malformations in the general population of 
2% to 3% (33). Naturally, the risk of exposure to the fetus 
from these agents differs depending on the stage of 
organogenesis, with the risk of malformations following the 
first-trimester exposure as high as 10% to 20%, in contrast to 
1% to 3% for the second and third trimesters (34-36). 

The pharmacokinetics of standard chemotherapies admi- 
nistered during pregnancy would be expected to depart from 
well-investigated standards due to changes in renal clearance, 
large increases in circulating blood volumes, lower serum 
albumin, and third spacing of many chemotherapeutic 
compounds into the amniotic fluid. Overall, drug clearances 
are higher, although there have been few studies that have 
investigated the differences in chemotherapy pharmacoki- 
netics in pregnancy and it is thus unclear what proper 
dose adjustments are necessary in this population (37). Most 
chemotherapeutic compounds are lipid soluble and can easily 
cross the placenta. As a result, it is expected that the fetus or 
amniotic fluid will have a similar or even a higher 
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concentration of the drug, or its active metabolite, than that in 
the maternal circulation. 

The risk of exposure to chemotherapy can be stratified 
based on the age of the gestation, with the greatest risk of 
physical defects coinciding with the exposure during the 
period of organogenesis, from 2 to 8 weeks. For practical 
purposes, most report on the timing of exposure as being 
based on the first, second, or third trimester. As noted 
previously, there is some suggestion that second-trimester 
exposure has been linked to low birth weight. Chemotherapy 
given in the third trimester can predictably cause side effects in 
the newborn, which are similar to that expected in the adult, 
such as neutropenia, anemia, and thrombocytopenia. 


Taxanes 

Taxanes, including agents such as paclitaxel, docetaxel, 
ortataxel, and tesetaxel, are compounds originally derived 
from the bark of yew trees. They affect their antineoplastic 
properties by stabilizing tubulin, which blocks the function of 
microtubules essential for cell division. These agents are 
considered first-line therapy for the treatment of many cancers 
including those of the lung, ovary, and breast. 

In rabbit and rat studies, fetal exposure to both docetaxel 
and paclitaxel have been associated with an increase in 
intrauterine deaths, increased fetal resorption, reduced fetal 
weight, and delayed ossification. Human studies have been 
limited to a scant number of case reports. In one report, 
docetaxel, cisplatin, and gemcitabine were given to a patient 
in the first and second trimesters of an unrecognized 
pregnancy (38). A healthy infant was delivered by cesarean 
section at 33 weeks, without congenital malformations. Sood 
et al. reported on the use of paclitaxel and cisplatin in a 
patient diagnosed with stage HIC ovarian cancer at 27 weeks. 
After surgical debulking, she was given three cycles of 
chemotherapy prior to delivery. The child was 30 months of 
age, at the time of the publication, without any known 
abnormalities or developmental delays (24). Morris et al. 
reported on a patient with recurrent metastatic breast cancer 
diagnosed at 29 weeks of gestation. She received a total of six 
cycles of weekly paclitaxel and delivered a normal infant by 
elective cesarean section at 38 weeks (39). Additionally, a 
normal infant was delivered after three 21-day cycles of 
docetaxel given to a patient diagnosed with recurrent breast 
cancer at 15 weeks of gestation (13). Other reports have 
further confirmed that taxanes can be used safely in the 
second and third trimesters of pregnancy without significant 
risk of fetal malformations (14,40,41). 


Alkylating Agents 

Alkylating agents include the subclass of nitrogen mustards, 
of which the compounds in most common use today 
include cyclophosphamide, ifosfamide, and melphalan, and 
chlorambucil. To exhibit their antineoplastic properties, 
many of these agents, such as cyclophosphamide, must be 
converted to an active metabolite in the liver. The 
compounds then attach to the alkyl groups in DNA, causing 
cross-linking between double-helix strands and preventing 
the uncoiling of DNA that is necessary for replication. 
Alkylating agents are used in several different tumor types 
including, but not limited to, breast cancer, NHL, chronic 
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lymphocytic leukemia, ovarian cancer, bone and soft-tissue 
sarcomas, and rhabdomyosarcomas. 

Cyclophosphamide has been demonstrated to have sig- 
nificant absorption through the skin and mucous membranes, 
and great care should be taken by fertile women when 
administering this drug (42). Exposure to cyclophosphamide 
in the first trimester has been associated, in a small number of 
reports, with growth deficiency, developmental delay, cranio- 
synostosis, blepharophimosis, flat nasal bridge, abnormal ears, 
and distal limb defects including hypoplastic thumbs and 
oligodactyly (43). Zemlickis et al. reported on a patient with 
acute lymphocytic leukemia who received cyclophosphamide 
daily in the first trimester of a twin gestation (44). 
Interestingly, the male twin was diagnosed with papillary 
thyroid cancer at 11 years of age and neuroblastoma at 14 years 
of age. The female twin was unaffected. While no fetal 
deformities have been noted from exposure in the second and 
third trimesters, growth restriction, microcephaly, and 
neonatal pancytopenia have been described (45). 

There have been several detailing the use of ifosfamide in 
the second and third trimesters, most commonly in multiagent 
combinations (46-48). No fetal anomalies have been noted 
and the infants appeared to be developing normally. One 
report, however, described the development of fetal growth 
restriction and anhydramnios after the first cycle of combina- 
tion chemotherapy including ifosfamide, which was initiated 
in the second trimester for a maternal diagnosis of 
rhabdomyosarcoma of the face (49). The effects of ifosfamide 
given to humans during the first trimester are unknown. 
However, animal studies have demonstrated increased resorp- 
tion and lethal anomalies when the drug has been given at high 
doses early in the pregnancy. 

In animal studies, there has been some suggestion that there 
may be inheritable chromosomal aberrations caused by 
exposure of germ cells to chlorambucil and melphalan (50). 
In humans, cardiac and renal defects, including renal agenesis, 
have been reported with fetal exposure to chlorambucil in the 
first trimester (51,52). Still, others have described the use of 
chlorambucil throughout pregnancy with delivery of normal 
infants (51). 


Platinum Agents 

In a manner similar to the alkylating agents, platinum 
compounds, including among others cisplatin, carboplatin, 
and oxaliplatin, cross-link DNA and prevent uncoiling, 
however, without the use of an alkyl group. They have been 
described as being alkylating-like. They have been approved 
for the treatment of many cancers including those of the ovary, 
uterus, bladder, head and neck, esophagus, lung, lymphoma, 
leukemia, and choriocarcinoma. Representing one of the only 
reports of a platinum compound being administered in the 
first trimester, Li et al. described a single case of micro- 
phthalmos following the use of the Dartmouth regimen 
(dacarbazine, carmustine, cisplatin, and tamoxifen) to treat a 
patient with metastatic melanoma (53). 

Tabata et al. reported on the use of carboplatin as a single 
agent for four cycles, with delivery of a normal infant at 
33 weeks, who demonstrated normal development at 1 year (54). 
Another child exhibited normal development at 18 months 
following two cycles of single-agent carboplatin in the 
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treatment of stage III ovarian cancer diagnosed at 22 weeks of 
gestation (55). Carboplatin has also been combined with 
paclitaxel, resulting in normal development at 6 months of a 
child following three cycles of the combination prior to delivery 
(56). Mir et al. reviewed more than three dozen reports on the 
use of cisplatin or carboplatin, alone or in combination, to treat 
malignancies in the second and third trimesters (57). They 
report no fetal malformations in any patient treated with either 
compound when started after the first trimester, with the 
exception of one case of ventriculomegaly, diagnosed in a fetus 
in close proximity to chemotherapy administration. 


Antimetabolites 

Antimetabolites include methotrexate and 5-FU. Methotrex- 
ate, a folic acid antagonist, is indicated for use in the treatment 
of many cancers, including breast cancer, head and neck 
cancer, acute lymphocytic leukemia, NHL, bladder cancer, 
colorectal cancer, and gestational trophoblastic disease. It is an 
abortifacient and should not be given at any time during 
pregnancy. When given in the first trimester, this class of 
agents is associated with a constellation of severe fetal 
anomalies known as “aminopterin syndrome.” The syndrome 
includes growth deficiency, patent cranial sutures, craniosy- 
nostosis, unusual skull shapes, dysmorphic facies, hydroce- 
phalus, mental retardation, and skeletal defects (35). 

There are few reports on the use of methotrexate in the 
second and third trimesters. One patient presented at 25 weeks 
of gestation with metastatic breast cancer and was treated with 
two cycles of doxorubicin, methotrexate, and vincristine prior 
to delivery of a female without anomalies, who was developing 
normally at 2 years (58). Nabers et al. reported on the use of 
methotrexate initiated at 27 weeks in a patient with 
choriocarcinoma metastatic to the lung, with a coincident 
normal pregnancy (59). Additionally, Ring et al. reported on 
12 patients treated with cyclophosphamide, methotrexate, and 
fluorouracil in the second and third trimesters, with no 
adverse fetal outcomes (60). 

Much like methotrexate, 5-FU, a pyrimidine analog, has 
been associated with multiple congenital abnormalities when it 
has been used during the first trimester, including radial 
dysplasia, absent digits, and hypoplasias of the lungs, aorta, 
esophagus, duodenum, and ureters (61). However, Berry et al. 
reported on 24 patients treated for breast cancer in pregnancy. 
They noted no fetal abnormalities or neonatal complications 
with the use of a combination of fluorouracil, doxorubicin, 
and cyclofosfamide (12). Fluorouracil is also used in topical 
form to treat conditions of the vulva and vagina. Several 
patients have been inadvertently treated with this preparation 
in the first trimester, without any report of deformities (62). 


Antibiotics 

The most common antineoplastic antibiotics include dactino- 
mycin-D and bleomycin. The former exerts antitumor activity 
by inhibiting DNA synthesis and function, and promotes the 
accumulation of intracellular free radicals that further damage 
DNA. It is approved for the treatment of Wilms’ tumor, 
rhabdomyosarcoma, germ cell tumors, gestational tropho- 
blastic disease, and Ewing’s sarcoma. Exposure of the fetus 
to this compound has been limited to a few case reports in 
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the second and third trimesters, resulting in intact infants with 
normal development (63-65). 

Bleomycin is a peptide that binds to iron and creates oxygen 
free radicals, damaging DNA. It is indicated for cancers of the 
head and neck, squamous cell carcinomas of the skin, vulva, 
and cervix, germ cell tumors, HL, and NHL. As with 
dactinomycin-D, no case reports of malformations from the 
first-trimester exposure have been reported for this drug. 
Second- and third-trimester exposures have been associated 
with the delivery of infants without deformities, and normal 
development has been reported (66,67). Nantel et al. reported 
on the use of 12 weekly cycles of methotrexate, doxorubicin, 
cyclophosphamide, vincristine, prednisone, and bleomycin in 
the treatment of NHL in a patient. The patient went into 
preterm labor and delivered twins without congenital 
abnormalities (68). Another patient with an endodermal sinus 
tumor diagnosed at 18 weeks was treated with three cycles of 
cisplatin, vinblastine, and bleomycin and delivered a healthy 
infant without abnormalities at 31 weeks (69). 


Nucleoside Analogs 

Nucleoside analogs, including cytarabine and gemcitabine, 
exhibit their antineoplastic properties by causing incorpora- 
tion of either the drug or its metabolite into DNA and 
terminating replication. Cytarabine is indicated in the 
treatment of multiple types of leukemias, as well as in 
leptomeningeal carcinomatosis. The compound has been 
associated with otic and auditory canal anomalies, digital 
anomalies, lobster claw hand, and lower limb defects (70,71). 
Unlike most other chemotherapies, cytarabine has been 
associated with in utero fetal death, when given in the later 
trimesters, and should be avoided in pregnancy altogether, 
when alternative agents are available (72). 

Gemcitabine is indicated in the treatment of cancers of the 
ovary, pancreas, bladder, lung, and in sarcomas. There are 
little data regarding the intrapartum use of gemcitabine in the 
literature. Studies in mice have demonstrated teratogenicity 
including decreased fetal weight, cleft palette, and increased 
mortality (73). Kim et al. reported on a woman with non-small 
cell lung cancer, treated with palliative docetaxel, gemcitabine, 
and cisplatin from weeks 9 to 22 of an unrecognized 
pregnancy. A healthy infant was delivered at 33 weeks with 
no recognizable anomalies (38). Hematologic toxicity is 
commonly dose limiting and the compound should be used 
with caution toward the end of the third trimester. In the 
absence of more case reports, or perhaps a series of patients, 
other compounds might be considered prior to choosing 
gemcitabine during pregnancy. 


Topoisomerase Inhibitors 
Topoisomerase I and II are involved in the cleaving of DNA 
strands for the purpose of replication. Topoisomerase 
inhibitors bind to the DNA-topoisomerase complex and 
prevent the advancement of the replication fork. Topotecan 
and irinotecan are examples of compounds specific to 
topoisomerase I, while etoposide binds specifically to the 
topoisomerase II-DNA complex. 

Both topotecan and irinotecan are derivatives from the 
Camptotheca acuminata tree. As with the nonpregnant 
population, the most pronounced maternal toxicity associated 
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with topotecan is myelosuppression. To date, there have been 
no human studies evaluating the teratogenicity of this 
compound, and unlike most other antineoplastic agents, there 
are no reports of any pregnant patients receiving this drug. 
However, animal studies have been concerning. At levels 
equivalent to human doses, topotecan has been associated with 
reduced fetal body weight, fetal demise, fetal resorption, and 
brain, skull, and vertebrae malformations. Most commonly, 
malformations of the eyes were noted, including microphthal- 
mia, anophthalmia, retinal defects, and ectopic orbits. 
Granted, most fetal effects are seen by early pregnancy 
exposure, in the absence of any human data, it is 
not recommended that topotecan be used at any time during 
pregnancy. 

Irinotecan has also demonstrated animal embryotoxicity at 
doses equivalent to recommended human levels. Teratogenic 
effects include visceral and skeletal abnormalities, as well as 
some external defects. Furthermore, rats administered irino- 
tecan after organogenesis and through weaning had decreased 
learning ability and decreased fetal weights in the female 
offspring (74). Unlike topotecan, there has been a single report 
of the use of irinotecan in pregnancy. A 34-year-old patient 
was diagnosed with recurrent colon cancer, metastatic to a 
single ovary at 15 weeks of gestation. She underwent surgical 
resection and, starting at 18 weeks, was treated with 10 courses 
of 5-FU and irinotecan over the next 5 months. She delivered a 
healthy infant at 37 weeks, with no appreciated teratogenic or 
developmental effects at 4 months (75). 

Unlike the topoisomerase I inhibitors, there are dozens of 
published reports detailing the use of etoposide in 
pregnancy. Many of these patients have been diagnosed 
with endodermal sinus tumors, although a variety of other 
tumors have also been treated with this agent in preg- 
nancy (76). Animal studies have demonstrated multiple fetal 
abnormalities when the drug is administered during 
organogenesis, including fetal loss, exencephaly, encephalo- 
cele, hydrocephalus, gastroschisis, microphthalmia or an- 
ophthalmia, dextrocardia, and axial skeleton defects (77). 
Etoposide is most frequently given with other agents such as 
bleomycin and cisplatin (BEP), and the reports occurring in 
the pregnant patients are no exception. One fetus developed 
ventriculomegaly and the child now has cerebral atrophy 
following a single course of BEP (78). Another patient had 
two cycles of BEP starting at 18 weeks and delivered a 
normal infant during laparotomy for metastatic disease at 
31 weeks. Yet another patient, diagnosed at 26 weeks of 
gestation with Burkitt’s lymphoma, was treated with 
cyclophosphamide, vincristine, doxorubicin, cytarabine, 
etoposide, ifosfamide, mesna, and intrathecal cytarabine 
and delivered a healthy baby at 32 weeks (46). Another 
patient was treated with BEP at 26 weeks for a metastatic 
tumor of unknown primary. She developed septicemia and 
delivered prematurely. The infant has moderate sensor- 
ineural hearing loss (79). Several other reports describe the 
delivery of normal, healthy infants following etoposide 
administration. 

Doxorubicin is indicated in the treatment of many cancers, 
including, but not limited to, breast cancer, HL, and NHL, 
soft-tissue sarcoma, ovarian cancer, lung cancer, bladder 
cancer, thyroid cancer, and gastric cancer. The drug is an 
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anthracycline antibiotic isolated from Streptomyces species. It 
intercalates into DNA, which inhibits DNA synthesis. 
Doxorubicin also inhibits transcription, by inhibiting DNA- 
dependent RNA polymerase, and the function of topoisome- 
rase II. Myelosuppression is dose limiting, but both acute and 
chronic cardiotoxicity have been well described. When given 
in the first trimester, in combination with other agents, 
doxorubicin has been associated with imperforate anus, 
rectovaginal fistula, and microcephaly (80). In the largest 
series to date, Hahn et al. reported on the use of doxorubicin in 
combination with 5-FU, and cyclophosphamide in 57 
pregnant women (81). They reported three congenital 
anomalies, including Down syndrome, clubfoot, and bilateral 
ureteral reflux. Several others have reported the use of 
doxorubicin alone or in combination with other therapies, 
starting as early as the second trimester, without obvious 
effects on the fetus. There have been no reports of fetal or 
infant cardiotoxicity associated with doxorubicin use in 
pregnancy (67,82,83). 

Epirubicin is sometimes used instead of doxorubicin as it 
can have faster elimination and fewer side effects. It has been 
used in breast cancer, ovarian cancer, lymphomas, gastric 
cancer, and lung cancer. There have been a few larger series 
describing the use of epirubicin in pregnancy. Azim et al. 
described the second-trimester administration of either 
doxorubicin or epirubicin to a total of 3 and 23 patients, 
respectively (84). They reported two preterm deliveries, no 
fetal anomalies, and normal development in all children. 


Vinca Alkaloids 

Vincristine is a vinca alkaloid antimicrotubule agent derived 
from the periwinkle Catharanthus roseus plant. It is indicated 
for the treatment of choriocarcinoma, brain tumors, thyroid 
cancer, leukemia, lymphoma, sarcomas, and several other 
malignancies. As noted above, vincristine has been used in 
combination with bleomycin and other agents, delivering 
infants without abnormalities. Tewari et al. reported on the 
neoadjuvant treatment of cervical cancer with cisplatin and 
vincristine in two pregnant women, both of whom experi- 
enced significant reductions in tumor volume (19). No adverse 
fetal effects were noted. Bader et al. also reported on the use of 
cisplatin and vincristine in a patient for the neoadjuvant 
treatment of a cervical cancer beginning in the 23rd week of 
pregnancy (85). At 33 weeks, the patient then underwent a 
cesarean radical hysterectomy, delivering a normal infant. 
There have been some sporadic reports of atrial septal defects, 
renal hypoplasia, and pancytopenia following the use of 
vincristine in pregnancy (45,86,87). Several other authors have 
reported the successful use of vincristine, most frequently in 
combination with other agents, leading to the delivery and 
normal development of healthy infants (88,89). 

Vinblastine is also a vinca alkaloid derived from the 
periwinkle plant. It is indicated for the treatment of HL and 
NHL, breast cancer, Kaposi’s sarcoma, and renal cell 
carcinoma. It exerts its antitumor effect by inhibiting tubulin 
polymerization and disrupting microtubules during the 
M-phase of the cell cycle. As with most agents described here, 
animal studies in early pregnancy have demonstrated 
increased resorption, spontaneous abortion, and gross fetal 
abnormalities. However, some human studies have reported 


36.6 


no teratogenic effects from first-trimester exposure (90). At 
18 weeks of gestation, a patient was diagnosed with an 
endodermal sinus tumor of the ovary, and following 
laparotomy, she received three courses of cisplatin, vinblastine, 
and bleomycin (69). She delivered a healthy and normal 
infant at 31 weeks. To date, there have been more than half a 
dozen other patients who have received vinblastine in 
combination regimens, followed by the delivery of normal, 
healthy infants (91,92). 

Vinorelbine is a synthetic derivative of vinblastine. It is 
indicated in the treatment of non-small cell lung cancer, 
breast cancer, ovarian cancer, and HL. When administered to 
a patient with lung cancer from the 27th to 39th week of 
pregnancy, a healthy and normal infant resulted (93). Several 
other patients have reportedly received vinorelbine during 
pregnancy, with therapy being initiated between 15 and 
29 weeks of gestation. In this setting, the drug has most 
commonly been administered as part of a combination of 
chemotherapies, being paired with 5-FU, cisplatin, or 
trastuzumab. All infants have been delivered without 
congenital abnormalities, had normal birth weights, and 
have been developing normally (94-96). 


Biologic and Growth Factor Agents 

Trastuzumab is an antibody indicated for the treatment of 
patients with HER2 overproducing breast cancers. The 
antibody exerts its effect on cancer cells both by activating 
the body’s immune response against the cells and by shutting 
down the signal that tells the cancer cells to grow and divide 
uncontrollably. Trastuzumab was given to six pregnant 
patients for the treatment of breast cancer. Anhydramnios 
developed in three out of the six patients treated (97). 
Another patient with recurrent metastatic breast cancer was 
treated with trastuzumab for the first 23 weeks of an 
undiagnosed pregnancy (98). The patient was delivered by 
cesarean section at 27 weeks due to severe vaginal bleeding. 
This pregnancy was also noted to have oligohydramnios. The 
infant was noted to have uncommonly strong capillary leak 
syndrome, persisting infections, and necrotizing enterocoli- 
tis. The baby died due to multiple organ failure 21 weeks 
after delivery. Other patients have received trastuzumab in 
the second and third trimesters without complication to the 
fetus (96). 

Bevacizumab inhibits tumor angiogenesis by binding 
directly to vascular endothelial growth factor (VEGF). It is 
currently indicated for the treatment of glioblastoma, renal cell 
carcinoma, breast cancer, lung cancer, and colon cancer. 
Rabbit studies at human doses have demonstrated teratogeni- 
city including gross and skeletal malformations, as well as low 
fetal body weights and increased resorption. Reports on the 
use of this compound in human pregnancies are very limited. 
Petrou et al. described two early pregnancy losses at 6 weeks of 
gestation 7 and 10 days following intravitreal injection 
of bevacizumab (99). Rosen et al., however, reported the use 
of the therapy in the second trimester without significant fetal 
effects (100). 

Rituximab is a monoclonal antibody against CD20, which 
exerts its effect by selectively depleting CD20+ B cells. It is 
indicated in the use of rheumatoid arthritis and in lymphomas. 
Kimby et al. reported on the unintentional use of rituximab in 
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a patient with recurrent NHL in the first trimester of 
pregnancy (101). She delivered a normal, healthy infant 
without evidence of hematologic or immunologic abnorm- 
alities. Other reports of first-trimester administration have 
also demonstrated no teratogenic or immunologic effects on 
the fetus or neonate (102). Pellkofer et al. reported on the use 
of rituximab for the treatment of neuromyelitis optica 1 week 
prior to conception (103). The patient delivered a healthy 
infant with normal development at 15 months. Another 
patient with idiopathic thrombocytopenic purpura was 
treated with rituximab weekly for 4 weeks in the third 
trimester (104). A healthy infant was born 1 month after the 
last administration of the drug. However, the child had no 
detectable B lymphocytes. Six months following delivery, her 
B-lymphocyte counts were normal, and at 10 months, she 
had normal vaccination titers. Other authors have confirmed 
this finding of significant rituximab concentrations in the 
neonate, transient B-lymphocyte depletion, quick recovery, 
and an absence of immunologic or other neonatal con- 
sequences (105-107). 

Imatinib is a specific inhibitor of a number of tyrosine 
kinase enzymes and is indicated for the treatment of chronic 
myelogenous leukemia. It has been associated with a high rate 
of teratogenicity (108). However, Skoumalova et al. reported 
on its administration throughout the first trimester of 
pregnancy, followed by the use of interferon for the remainder 
of the gestation, with the delivery of a normal and healthy 
child (108). Neither the drug nor its active metabolite appears 
to cross the placenta in significant concentrations (109). 
Nonetheless, Pye et al. reported on the evaluation of 125 
pregnancies complicated by the use of imatinib (110). They 
reported that 3 of the 35 patients who terminated their 
pregnancies did so because of detected fetal malformations. Of 
the remaining infants delivered, 12 had malformations, and 3 
of them had similar complex malformations including renal 
and vertebral anomalies. 

Sunitinib is an oral inhibitor of multiple receptor tyrosine 
kinases including VEGF receptors. It is indicated for the 
treatment of refractory metastatic renal cell carcinoma and 
gastrointestinal stromal tumors. Rats and rabbits were given 
the drug during the periods of organogenesis and demon- 
strated malformations including thoracic and lumbar vertebral 
alterations, cleft lip and palate, and increased resorption (111). 
To date, there have been no reports of this drug administered 
during a human pregnancy. 

Several interferon compounds have now been developed 
and marketed for the treatment of many kinds of diseases and 
malignancies. A thorough discussion of the fetal and neonatal 
effects of each of these drugs is beyond the scope of this 
chapter. However, there have been several reviews and case 
reports suggesting that interferon alpha appears to be 
associated with the delivery of normal and healthy 
infants (112-114). Mubarak et al. reported on the use of 
interferon alpha for the treatment of chronic myeloid leukemia 
beginning in the first trimester (115). Although one child was 
born with transient thrombocytopenia, all three infants were 
without abnormalities and developing appropriately. It should 
be noted that there have been reports of maternal postpartum 
cardiomyopathy developing in women who have been treated 
with interferon prior to pregnancy (116). 
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Birth Weights, Development, and Long Term Follow Up 
Some authors have suggested that birth weights for infants 
born to mothers with breast cancer were significantly lower 
than those of healthy controls (117). However, in one of the 
largest series to date, Aviles et al. reported on the long-term 
follow-up of 84 children and grandchildren of patients 
treated with chemotherapy for hematologic malignancies 
during pregnancy (118). The median follow-up was 
18 years and ranged from 6 to 29 years. They reported 
normal birth weights, normal learning and educational 
performance, no congenital abnormalities, and no cancer or 
leukemia, with a median follow-up of 18 years and a range 
of 6 to 29 years. 


Infant Hemotoxicities 

Some authors suggest that patients should not be treated after 
35 weeks of gestation, as many infants may be born with 
neutropenia, thrombocytopenia, and profound anemia 
under these circumstances (117). Indeed, infants have been 
born with severe anemia requiring prolonged ICU admis- 
sions, following chemotherapy administered during preg- 
nancy (119). Progenitor studies in these infants have revealed 
severe bone marrow suppression. Infants should be mon- 
itored following delivery for such effects for a prolonged 
period of time. 


SUMMARY 

With such a large and growing population of women of 
reproductive range, the absolute number of women who will 
be diagnosed with a pregnancy during cancer treatment or 
diagnosed with a cancer during the course of her pregnancy is 
far from negligible. The contrast that can occur when the 
happiest time in a woman’s young life is shattered by the 
finding of often metastatic disease is universally devastating for 
the patient, her family, and all of those who are involved with 
her care. Significant moral and ethical dilemmas arise, and 
questions regarding teratogenicity, pregnancy termination, 
and disease prognosis have to be approached and considered 
by a team of physicians, nurses, social workers, counselors, 
and loved ones. Fortunately, it is clear that there are a number 
of such malignancies that are curable, and it is further 
understood that most chemotherapies can be well tolerated in 
the second and third trimesters without effects on the fetus or 
on the future development of the child. 

With a growing number of chemotherapeutic compounds 
available, and at least some differences among their effects in 
pregnancy, multiagent and single-agent combinations should 
be custom-tailored to provide patients with the best possible 
treatment of their neoplasm, while exposing the fetus to the 
least teratogenic, growth restricting, and hemotoxic regimens. 
Fortunately, it is evident that at least some patients will emerge 
from this difficult situation disease free and raise healthy and 
developmentally normal children. 
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EPIDEMIOLOGY 

Obesity is recognized as a major increasing health threat in the 
United States. In the year 2000, 117 billion dollars in health- 
care costs and 300,000 deaths were attributed to obesity (1,2). 
In 2003 to 2004, 62% of women were overweight or obese, 33% 
were obese, and 7% were severely obese (3). Women suffer a 
disproportionate burden of disease compared with men as a 
result of the increases in morbidity (4). 

Regrettably, the obesity epidemic has spilled over into the 
obstetric population. In fact, recent statistics have shown a 
marked increase in the prevalence of pregravid overweight 
and/or obesity over the past few decades (5,6). In a study of 
66,000 women in nine states, 22% of women were obese 
prepregnancy, a 70% increase in the study period (6). As a 
testament to the pervasiveness of maternal obesity, no 
subgroup had less than 43% increase in obesity over the 
interval. The greatest increases in obesity were seen in those 
who were >20 years of age, black, parous (three or more 
children), with a high school education, nonsmokers, and 
enrolled in WIC. 

The rising prevalence would not be problematic if it were 
not for the sequelae for mother and baby. Obesity has been 
associated with infertility, spontaneous abortion (SAB), 
intrauterine fetal demise (IUFD), inaccurate fetal imaging, 
gestational diabetes mellitus (GDM), pre-eclampsia, cesarean 
delivery, anesthetic complications, deep vein thrombosis/ 
pulmonary embolus (DVT/PE), wound complications, mood 
disorders, breast-feeding difficulties, contraceptive failures, 
and longer-term issues such as excess gestational weight gain 
(GWG), later-life obesity, diabetes, and heart disease (5,7-16). 
Likewise, the fetus incurs risks of macrosomia, associated 
complications, and pediatric obesity (11,17) (Table 1). 

Increasing maternal obesity has potential public health 
implications as well. As an example, a study in Utah revealed a 
40% increase in overweight and obesity between 1991 and 
2001 (5). While this study described a smaller overall increase 
in body mass index (BMI) compared with Kim’s data, it 
described the impact to the community as a whole. An 
estimate of the attributable fraction of cesarean delivery in the 
state revealed that one in seven were attributable to obesity 
after controlling for other factors. Additionally, after assessing 
trends among potential confounders including maternal age, 
ethnicity, chronic hypertension, and renal disease, the study 
described a parallel rise in pre-eclampsia among nulliparous 
women from 5% to 8% in the same interval in which obesity 
increased (5). 


ETIOLOGY 

The etiology of maternal obesity is complex and multifactorial. 
While not classically discussed in perinatal textbooks, the 
ecologic context in which a patient lives is important to 


include in a chapter on maternal obesity, given that some 
management is dependent on lifestyle interventions. Access to 
healthy foods and physical activity (PA) opportunities have a 
potential effect on maternal and fetal well-being. Living more 
than 4miles from a supermarket doubles the likelihood of 
having the lowest quartile of food quality (18). This type of 
research has recently been linked to adverse birth outcomes. 
Lane and colleagues documented that mothers living near 
markets without fresh produce and dairy were at significant 
risk of delivering low-birth weight infants (19). Also living 
in areas with social spaces lowers the risk of low or excess 
GWG (20). Inquiring about the environment may guide 
counseling for obese women. 


PATHOPHYSIOLOGY 

Complex alterations in glucose and lipid metabolism, 
inflammation, adipokines, and vascular dysfunction occur in 
obese women. Significant endocrinopathies are associated with 
obesity, and examples from nonpregnant populations are 
relevant as they describe the milieu into which a fetus is 
exposed. Obese individuals are more likely to develop insulin 
resistance and hyperinsulinemia (21). Adult twins who were 
discordant with respect to weight were studied and the obese 
twin of the dyad had significantly higher insulin levels and less 
insulin sensitivity to maintain normal glucose levels (21). At a 
cellular level, obesity causes post-receptor binding defects, 
impaired second messengers, and enzymatic defects, which 
diminish the ability of the cells to import glucose into the cell. 
This is exacerbated by the production of human placental 
lactogen during pregnancy. Additionally, obesity causes 
abnormal lipogenesis and protein synthesis and increases 
lipolysis, which then increases free fatty acids (FFAs). At the 
muscle, this results in FFA oxidation and decreased glucose use 
leading to hyperglycemia, and at the liver, the increased FFA 
oxidation increases gluconeogenesis also resulting in hyper- 
glycemia. Thus, at least three mechanisms result in hypergly- 
cemia associated with obesity. These pathophysiologic changes 
in the overweight and obese translate into increased relative 
risks of developing diabetes mellitus both during pregnancy 
and outside of pregnancy (22). In a meta-analysis of over 
20 studies, increasing BMI increased the odds of having GDM. 
The unadjusted ORs of developing GDM were 2.14 
(95% CI 1.82-2.53), 3.56 (3.05—4.21), and 8.56 (5.07-16.04) 
among overweight, obese, and severely obese compared with 
normal-weight pregnant women, respectively (23). Likewise, 
obese women with GDM were twice as likely to develop type 2 
after pregnancy. 

Hypertensive consequences also increase with overweight 
and obesity. Nurses Health Study data show a 1.7-fold 
increase in the risk of hypertension in overweight women 
compared with normal-weight women (24). A fivefold 
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increase is seen in obese women and abdominal obesity 
doubles the risk. Likewise, both weight gain and loss modify 
these risks. Thus, obese women entering pregnancy are at risk 
for chronic hypertension. The literature supports the associa- 
tion between obesity and pre-eclampsia, even lacking chronic 
hypertension. Sibai et al. reported a threefold increase in pre- 
eclampsia to 12% of women with a BMI of >34kg/m* 
compared with lean women (25). 

Unlike hyperinsulinemia and hyperglycemia, the mechan- 
ism remains to be elucidated. The vascular volume is increased 
in obesity and in pregnancy, but peripheral resistance is only 
slightly elevated in obesity and decreased in pregnancy. Other 
theories include increased renal sodium and water, activation 
of the sympathetic system, alteration in the function of 
sodium—hydrogen ATPases and changes to the vascular wall, 
and subclinical inflammation (22,26). 

Overall, the data regarding preterm birth (PTB) and obesity 
are conflicting. In a large European cohort, the rate of PTB was 
increased (aOR 1.6) (10), others have reported a decrease (7), 
and yet some report that postdate pregnancy is increased by 
obesity (27). Nohr and colleagues suggest that actually 
indicated PTB is increased as a result of maternal medical 
conditions, not spontaneous PTB (28). 

Obesity increases multiple aspects of parturition including 
induction, duration of labor, oxytocin requirement, and 
cesarean delivery (29,30). Cesarean delivery is performed in 
up to half of obese women and increases as BMI rises. As an 
example, cesarean delivery rates are shown in Figure 1 for 
women with and without the risk factors of diabetes and 
hypertension (31). Obesity has been shown to similarly 
decrease the success of women undergoing a trial of labor 
after cesarean. Juhasz and colleagues demonstrated that 
overweight and obese women were 50% less likely to have a 
successful vaginal birth after cesarean (VBAC), and a weight 
gain of over 40lb decreased a woman’s chance of VBAC 40% 
when compared with underweight women (32). Similar failure 
rates with trial of labor were described by Durnwald et al. even 
after controlling for other additional factors (normal 
BMI 70.5%, obese 54.6%, p = 0.003) (33). 


Psychosocial Factors and Obesity in Pregnancy (Table 2) 
When undiagnosed depression has potential to take a severe 
and prolonged course for the mother resulting in behavioral 


Table 1 Adverse Maternal Outcomes Associated with 
Obesity 


Infertility 

SAB/IUFD 

Inaccurate imaging 
Gestational diabetes 
Pre-eclampsia 

Cesarean delivery 
Anesthetic complications 
DVT/PE 

Wound complications 
Mood disorders 
Breast-feeding difficulties 
Contraceptive failures 


Abbreviations: SAB, spontaneous abortion; IUFD, intrauterine fetal demise; 
DVT/PE, deep vein thrombosis/pulmonary embolus. 
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issues in their children, this makes identifying and treating 
those at greatest risk essential (34,35). Obesity is one of the 
factors that has recently been found to be a risk marker for 
depressed mood during pregnancy and postpartum. 

The link between BMI, eating attitudes, and depression and 
anxiety during pregnancy and at 4 and 14 months postpartum 
was first described by Carter et al. (8). A recent analysis showed 
that depression, one of six negative psychologic states assessed, 
was associated with pregravid BMI. While the relationship was 
seen in all overweight and obese women, a BMI of >40 was 
strongly associated with depressive and anxiety symptoms, 
locus of control, perceived stress, powerful others, restrained 
eating and dieting, and weight cycling (9). 

In a 2010 study of over 1000 predominantly Caucasian 
women, recruited immediately postpartum, prepregnancy 
BMI was associated with depressive symptoms (12). The 
percentage of women screening positive for postpartum 
depression was 14.4% in normal-weight women with an 
increase in all other BMI strata: underweight, 18.0%; over- 
weight, 18.5%; obese class 1, 18.8%; obese class 2, 32.4%; and 
obese class 3, 40.0%. In a regression model, class 2 and class 3 
obesity were strongly associated with screening positive for 
depression. 

Not all studies have found this association. A secondary 
analysis of overweight and obese women enrolled in a 
postpartum weight loss intervention did not find a link 
between obesity and depressed mood. However, by virtue of 
the recruitment into an intense trial, obese women with 
depression could have been excluded (36). 


Table 2 Psychosocial Factors Linked to Obesity in Women 


Psychosocial stressors 
Early traumatic events 
Socioeconomic/workforce 
Depression/anxiety/suicide 
Stigmatization 
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Figure 1 Cesarean delivery by body mass index strata and risks of 
diabetes and hypertension. Abbreviations: DM, diabetes mellitus; HTN, 
hypertension; nl, normal. 
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Long-Term Consequences 

While an increasing number of studies have focused attention 
on the immediate maternal and neonatal complications 
associated with prepregnancy overweight and obesity, less 
attention has been paid to the long-term consequences of 
excess maternal weight gain and postpartum weight retention, 
which may contribute to midlife obesity and subsequent 
development of diabetes and heart disease (5,14,15). Olson 
demonstrated that only 42% of women had attained their 
prepregnancy weight and 26% of women had retained over 
10 lb 1 year after delivery (37). They estimated that 69% of 
incident cases of obesity could have been prevented by 
decreasing weight gain during pregnancy. This excess weight 
gain and postpartum retention translated into an increase in 
long-term obesity and subsequent development of obesity- 
related illnesses. One decade after delivering, women who 
gained less than recommended during pregnancy were 4kg 
heavier on average, compared with 6 and 8kg in women 
gaining the recommended and greater-than-advised, respec- 
tively. A weight gain of 16kg during pregnancy was a 
significant predictor of long-term weight retention (14,15,38). 


Bariatric Surgery 
Between 1998 and 2005, bariatric surgery has increased 800% 
with the majority of the procedures performed on women 
(39). Overall, women who have successfully lost weight after 
bariatric surgery appear to have lower rates of GDM, 
hypertension, cesarean delivery, and macrosomia (40). 
Maggard and colleagues reported a GDM rate of 22% in 
obese women and 0% in the post-bariatric surgery group. Pre- 
eclampsia rates were lower as well (3% obese women vs. 0% 
post-bariatric surgery group). There was no evidence of 
increased growth restriction or preterm deliveries in the post- 
bariatric surgery group compared with the obese controls (39). 
Some women after bariatric surgery experience deficiencies 
of iron, folate, vitamin B,, and calcium, particularly in those 
with malabsorptive procedures. Additionally, there are reports 
in the literature of complications during pregnancy after 
bariatric surgery including anastomotic leaks, internal hernias, 
intestinal obstruction, gastrointestinal bleeding and erosion, 
band migration, and maternal death (41). Population-level 
data comparing the benefits and risks of bariatric surgery 
compared with pregnancy in the severely obese are not readily 
available. 


Breast-Feeding 

Interesting work reveals an association between obesity and 
breast-feeding failures even after controlling for socioeco- 
nomic status (42,43). Increased prepregnancy BMI is asso- 
ciated with shorter breast-feeding duration (42). This is 
unfortunate as both maternal obesity and short duration of 
breast-feeding are independent risk factors for childhood 
overweight (43). Recently, biologic data support this epide- 
miologic association between obesity and short duration of 
breast-feeding. Increased prepregnancy BMI predicts a lower 
prolactin response to suckling at 48 hours. Prolactin is 
responsible for stimulating milk production and thus a 
decrease in responsiveness could lead to a diminished ability 
to make milk and perhaps contribute to breast-feeding 
discontinuation (44). Perhaps interventions that improve 
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prepregnancy BMI and or maternal weight gain might 
improve a woman’s ability to breast-feed. 


Effects on the Offspring (Table 3) 

Fetal anomalies are reportedly increased in fetuses of obese 
women. Specifically, neural tube, cleft palate, and cardiac 
defects are increased, and concomitantly the ability to detect 
defects is impaired in this population by at least 20% (45). 
Stothard and colleagues attempted to determine how the 
decreased detection rate might contribute to the overall 
increase in anomalies by a decrease in pregnancy terminations 
in obese women. They included pregnancy terminations in 
their analyses and found no change in the odds (46). 


IUFD and Infant Mortality 

An increasing number of studies have described an increase in 
IUFD among obese women. Denison and colleagues reported 
a threefold increase in IUFD in women with a BMI2=35 
(aOR 3.90, CI 2.44-6.22) (27) (Table 3). In a study of 24,000 
women, after adjusting for antepartum complications, the 
association was attenuated but still present for IUFD and 
neonatal death (47). Mortality after delivery is also increased in 
neonates born to obese women (48). It is unclear whether this 
increase in IUFD warrants aggressive antepartum monitoring, 
given the rising prevalence of obesity and the relatively small 
risk of fetal demise. 


Macrosomia and Childhood Obesity 

Birth weight increases with maternal obesity. In a secondary 
analysis of the hyperglycemia and adverse pregnancy out- 
comes, Metzger reported that 13.6% nondiabetic obese 
women developed macrosomia (>4000g birth weight) 
compared with 6.7% of non-obese normal-weight wo- 
men (49) (Table 3). In a study of 116,976 macrosomic 
infants, after controlling for antepartum risk factors, those 
born to obese mothers were more likely to experience 
hyaline membrane disease (aOR 2.14, CI 1.73-2.66), 
extended assisted ventilation (aOR 1.71, CI 1.44-2.04), 
birth injury (aOR 1.58, CI 1.37-1.84), and meconium 
aspiration (aOR 1.42, CI 1.09-1.89) (50). The consequences 
of maternal obesity persist: large-for-gestational-age (LGA) 
babies and maternal obesity have been shown to have a 
twofold increase in the risk of metabolic syndrome in 
children (hazard ratios LGA 2.15, CI 1.25—3.82, maternal 
obesity 1.81, CI 1.03-3.19) (51). GWG likewise increases 
macrosomia and is worse in overweight and obese women. It 
is hypothesized that GWG and maternal obesity lead to 


Table 3 Fetal, Neonatal, and Pediatric Consequences of 
Maternal Obesity and Excess Gestational Weight Gain 
(GWG) 


Maternal obesity Excess GWG 
Birth defects Macrosomia 
SAB/IUFD Childhood obesity 
Infant mortality 

Macrosomia 


Childhood obesity 


Abbreviations: SAB, spontaneous abortion; IUFD, intrauterine fetal demise. 
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maternal insulin resistance and glucose intolerance, which 
increase fetal glucose, insulin, steroid and growth hormones, 
amino acids, and lipids (Fig. 2). The resultant increase in 
fetal fat deposition leads to accelerated birth weights, 
neonatal complications, and childhood obesity (52). 


DIAGNOSIS 

Defining Obesity and Measuring GWG 

In nonpregnant adults, BMI is commonly used as a measure of 
adiposity. The World Health Organization defines normal 
BMI as a BMI between 18.5 and 24.9, underweight as <18.5, 
overweight as 25 to 29.9, and obesity as >30. For more detailed 
assessments and risk stratification, it defines class 1 obesity as 
30 to 34.9, class 2 obesity as 35 to 39.9, and class 3 obesity as 
>40. In obstetrics, it is the practice to use a woman’s 
prepregnancy BMI for risk assessment and to follow their 
GWG. Using a measured prepregnancy BMI is preferable. 
Alternatively, a first-trimester measured BMI or self-reported 
prepregnancy BMI can serve as a proxy. Notably, a self- 
reported pregravid BMI will underestimate a woman’s actual 
BMI category. Table 4 provides formulas for calculation and 
two online references. BMI can be calculated by (i) dividing 


Figure 2 Effect of excess gestational weight gain (GWG) on the fetus. 
Abbreviations: aa, amino acids; BWt, birth weight. 


Table 4 BMI Formulas, Websites—Calculator and Table 


Formulas 
kg/m? 
Ib x 703/in.* 
Websites 
Calculator http://www.nhlbisupport.com/bmi/ 
Table http://www.nhlbi.nih.gov/guidelines/obesity/bmi_tbl.htm 
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the individual’s weight in kilograms by height in meters 
squared or (ii) multiplying their weight in pounds by 703 and 
dividing this by the height in inches squared. Waist 
circumference is measured in the horizontal plane at the level 
of the iliac crest at the end of inspiration. 

After extensive review, new recommendations for weight 
gain during pregnancy were released in 2009 by the Institute of 
Medicine (52). The document states that “Although the 
guidelines ... are not dramatically different ... fully implement- 
ing them would represent a radical change in the care of women 
of childbearing age.” In fact, the recommendations are not 
significantly different. Only women in the obese category saw a 
reduction in the recommended weight gain to 11 to 201b. The 
Institute of Medicine (IOM) based the limited changes on the 
fact that there are limited data on metabolic profile, diet 
patterns, and eating behaviors of those without weight gain. 
The IOM cautioned that insufficient gain (<151b) would imply 
mobilization of adipose and protein stores and could result in 
ketonemia with the potential to result in neurologic deficits in 
the infant (52). The guidelines presented in Table 5 drew some 
frank criticism from prominent obstetricians who suggested 
that this decrease in GWG was insufficient. 

The IOM modified its recommendations for special 
populations. Women of short stature, adolescents, and all 
race/ethnicities are encouraged to gain the standard amount by 
their prepregnancy BMI category. Additionally, they changed 
the weight gain recommendations for twins to 37 to 541b for 
normal-weight women, 31 to 501b for overweight women, and 
25 to 42 lb for obese women. They were unable to stratify the 
recommendations for obese women carrying singletons or 
twins by class 1, class 2, or class 3 obesity citing insufficiency of 
representative published data. 


MANAGEMENT 

Logistical Considerations 

In order to provide compassionate care, clinicians should 
recognize the challenges obese women face in obtaining 
medical care. Simple strategies to make the clinical setting 
more hospitable will facilitate effective communication and 
development of rapport. While the following recommenda- 
tions may seem straightforward and perhaps inconsequential, 
they in fact set the stage for effective and compassionate 
communication. Office staff can assist clinicians in making the 
office more comfortable by evaluating a few key pieces of the 
patient’s visit (53). 


e Chairs with armrests may be constraining to over- 
weight and obese women. Consider making benches 
available or having access to seating without arm- 
boards or wider seats. 


Table 5 IOM Recommendations for Total and Rate of Weight Gain During Pregnancy, by Prepregnancy BMI 


BMI 
Underweight <18.5 
Normal weight 18.5-24.9 
Overweight 25.0-29.9 
Obese (includes all classes) 230.0 


Source: Institute of Medicine, 2009. 


Total weight Rates of weight gain in 
gain (lb) second and third trimesters (Ib/week) 
28-30 1 (1-1.3) 
25-35 1 (0.8-1) 
15-25 0.6 (0.5-0.7) 
11-20 0.5 (0.4-0.6) 
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e Weight is considered a private issue by many women. 
Obese women may be embarrassed by having their 
weight measures in a public location, especially if they 
are heavier than the maximum capacity of the scale. 
Weigh women in a private location. 

Large blood pressure cuffs should be available at 
each location where blood pressures are taken to 
avoid unnecessary embarrassment to the patient. 
Have larger sized gowns and sheets in each 
examination room. 

Limited mobility may make it difficult for obese 
women to get onto an examination table or place 
their feet securely on the footrests. Provide adequate 
assistance for accessing the table and consider 
performing the pelvic examination without footrests. 
Large speculums should be available in each 
examination room. 


Lifestyle Interventions—Nutrition, PA, and Successful 
Interventions 
Currently, attempts are being made to identify interventions 
improving nutrition and PA during pregnancy. Clearly, there 
is room for improvement. There are no nationally repre- 
sentative data available on pregnant women, thus using 
reproductive-aged women as a proxy, women are not eating 
a diet rich in fruits and vegetables. Less than 2% of women 
aged 19 to 30 eat the recommended amounts of fruits and 
vegetables. Even when the requirement is lowered to the 
essential five-a-day servings of fruits and vegetables, less than 
30% of women aged 19 to 30 and less than 40% of women 
aged 31 to 50 meet the target (54). 

We perform no better in the realm of PA. When measured 
by accelerometry, only 5% of adults meet the recommended 
30 minutes of moderate PA per day, 5 days per week (55). Data 
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in pregnancy are limited; however, DiNallo and colleagues 
reported that <12% of women meet PA recommendations in 
pregnancy (56). This is despite more recent data supporting 
that moderate PA in pregnancy is not associated with preterm 
labor, low birth weight, or pregnancy loss, and most studies 
show an inverse association between PA and GWG (57). 
Lifestyle interventions in overweight and obese women are 
limited, but none yet in the United States has been completely 
successful. Of the four intensive interventions, one showed no 
effect on GWG in obese women, one lowered GWG in low- 
income women, the other in normal weight, and the last 
showed that dietary and lifestyle changes resulted in a 7# 
decrease in GWG. The Europeans have more consistent success 
with 2- to 3-kg improvements in GWG and improvements in 
dietary practices. Currently, interventionists are attempting to 
determine what works and in which populations. 

These research interventions clearly include an entire 
curriculum and consume a significant amount of resources 
that are not available to most clinicians. If available, 
clinicians should consider referrals to nutritionists in early 
pregnancy and each trimester. Alternatively, free online 
resources for nutritional plans are available for pregnant 
mothers on mypyramid.gov (Fig. 3). 

Assessing current level of PA and encouraging continued 
exercise and active choices is a simple intervention a physician 
can perform in clinic. Tables 6 and 7 describe the American 
College of Obstetricians and Gynecologists recommendations 
and contraindications and precautions. 


Management Plan 

A management plan for obese pregnant women is included in 
Table 8. Acknowledging that half of pregnancies are unin- 
tended, the discussion about appropriate weight during 
pregnancy and consequences of obesity should begin at the 
well-woman examination. Currently, only one-quarter of 
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Figure 3 “MyPyramid Plan for Moms.” 
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Source: From MyPyramid.gov. 
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Table 6 Physical Activity Recommendations in Pregnancy 


230min/day moderate exercise 5 days/week 
Avoid supine position with exercise 
Avoid trauma, fall risk, and scuba 


Source. ACOG, 2006. 


Table 7 Contraindications and Precautions for Physical 
Activity in Pregnancy 


Absolute contraindications 
Significant heart disease or restrictive lung disease 
Incompetent cervix 
Multiple gestation 
Second- and third-trimester bleeding 
Previa, PROM, PTL, or pre-eclampsia 
Relative contraindications 
Anemia 
Arrhythmias 
Poorly controlled DM 1 
BMI>40 
Underweight 
IUGR 
Poorly controlled HTN or thyroid disease 
Precautions 
Loss of fluid, vaginal bleeding, cramping, regular contractions, 
chest pain, shortness of breath dizziness, decreased fetal 
movement 


Abbreviations: PROM, premature rupture of membranes; PTL, preterm 
labor; DM 1, diabetes mellitus 1; BMI, body mass index; IUGR, intrauterine 
growth restriction; HTN, hypertension. Source: ACOG, 2006. 


providers address weight among overweight and obese women 
at annual examinations (58). Documentation of BMI should 
be performed and overweight and obese patients should be 
referred to available PA and nutrition counseling. Women 
who are contemplating pregnancy should be encouraged to 
take folic acid as obesity is a risk factor for inadequate folic acid 
supplementation. Also they should be educated regarding the 
increased risks that obese women and their infants experience 
and screened for diabetes. 

In early pregnancy, BMI should be calculated, recorded, and 
used to assess risks and set a GWG target. Throughout prenatal 
care, the GWG should be described and patient be given 
appropriate feedback, an important point being that clinicians 
and ancillary services should be providing consistent messa- 
ging. Folic acid supplementation should be encouraged. 
The Royal College of Obstetricians and Gynaecologists 
recommends increasing folic acid supplementation to 5mg; 
however, the IOM concludes that the increased rate of neural 
tube defects may result from inadequate folate use not 
inadequate dosing (59,60). Serum screening and first-trimester 
ultrasonographic screening should be encouraged, as second- 
trimester screening is less efficacious at detecting anomalies. It 
is unclear whether fetal surveillance for obese women is cost- 
effective; however, consideration should be made for antenatal 
testing in the severely obese as they are at greatest risk for IUFD. 

Intrapartum care should include anesthesia consultation 
and assessment of an early epidural, given that a 1-cm increase 
in neck circumference translates to a 1.13 increase in 
unsuccessful or complicated intubations (61). VBAC counsel- 
ing should be modified to include the decrease in success. 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


Table 8 Management Plan 


Preconception care (including gynecologic care and well-woman 
examinations) 
Measure height and weight, calculate BMI 
Address weight, physical activity, and nutrition (referral) 
If considering conception 
Folic acid 400mcg 
Weight loss before conception 
Risk counseling by prepregnancy BMI 
Screen for diabetes 
Antepartum 
Calculate prepregnancy or early pregnancy BMI 
Set weight gain goal and review risks (2009 IOM 
recommendations) 
Monitor gain and provide feedback 
Consistent messaging—GWG, nutrition, and PA 
Nutrition website, nutrition referral 
400mcg folic acid 
Serum screening—first, second, and integrated screens are 
BMI corrected 
Ultrasonographic screening 
Offer first A US for NT (no | in detection rate) 
Second A scan 20-30% | common anomalies 
Antenatal testing 36 weeks if BMI>40* 
Intrapartum 
Anesthesia consult, consider early CLE (BMI>35) 
Avoid elective induction 
Modify VBAC counseling 
| 50% 
>40# GWG | 40% 
Vaginal delivery 
Low threshold to deliver in OR—BMI>35 
Steps 
Cesarean delivery 
Table limit 
Air mattress and sufficient staff 
Incision placement 
Surgical incise drape or tape (for cephalad retraction of 
pannus) 
360-degree protected edge 
In situ uterine closure 
Subcutaneous layer 3.0 vicryl closure (if >2 cm) 
Compression stockings or prophylactic heparin 
Immediately postpartum 
Early ambulation 
Lactation consultation 
Early outpatient visit (7-14 days) 
Wound 
Breast-feeding 
Edinburgh Postnatal Depression Scale (EPDS) 
Postpartum visit (6 weeks) 
Weight management 
Mood 
Contraception 
Abbreviations: BMI, body mass index; IOM, Institute of Medicine; GWG, 


gestational weight gain; PA, physical activity; NT, nuchal translucency; 
VBAC, vaginal birth after cesarean. *Consider 


The gynecologic, general surgery, and anesthesia literature 
supports the increased risk of surgical morbidity. Surgical 
complications include increases in operative time, blood 
loss, transfusions, length of stay, pressure sores, nerve injuries, 
deep vein thromboses, wound complications, difficult intuba- 
tions, and associated pulmonary complications (62-65). 
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Table 9 Key Points for Women after Bariatric Surgery 


Post-op counseling regarding increased fertility 

Delay contraception for 12-18 months after bariatric surgery 

Assess for vitamin and mineral deficiency (Fe, Folate, B,>, 
calcium, vitamin D) 

High suspicion for band/bypass complication 

Co-manage with general surgery 


Source. ACOG 2009, Kirshtein 2010. 


For cesarean deliveries, the provider must know the weight 
limit of the OR table and prepare accordingly; table extensions 
must be available. Sufficient staff and/or air mattress lift 
devices should be available. Incision placement requires 
assessment of the location of the anterior superior iliac spine 
and the pannus. In severely obese women, the pannus tends to 
deviate the abdominal wall caudally and as such vertical peri- 
and supra-umbilical incisions might be required to access the 
lower uterine segment. Two additional techniques that may be 
useful include taping the pannus to a bar that resides at 
shoulder level with tape or a surgical incise drape to retract the 
pannus cephalad and using a cesarean o-ring retractor. Often, 
it is not possible to exteriorize the uterus and an in situ closure 
is performed. To decrease the likelihood of these complica- 
tions, surgeons should be aware of the operating table weight 
limit, administer an adequate dose of preoperative antibiotics 
(if BMI>35 or >220# double the Ancef dose to 2g), and close 
the subcutaneous tissue (66). Early ambulation, sequential 
compression devices, or prophylactic heparin should be used 
to protect against deep vein thromboses. 

Immediately, postpartum women should be encouraged to 
ambulate and be provided with lactation assistance. Inviting 
women to return to clinic 1 to 2 weeks postpartum provides an 
opportunity to assess wounds, support breast-feeding, and 
ensure that mood is stable. Clinicians should begin a weight 
management dialogue at 6 weeks postpartum, evaluate mood, 
and discuss the importance of adequate contraception. 


Bariatric Surgery 

Even if a woman has a history of infertility, she should be 
counseled that spontaneous conception is possible after 
bariatric surgery. It is important that women acknowledge this 
and delay contraception for the first 12 to 18 months to avoid 
pregnancy in the rapid weight loss phase to protect the fetus 
from growth restriction. When pregnancy does occur, women 
should be screened for vitamin and mineral insufficiency each 
trimester and supplemented as needed using rapid release or 
oral solutions in lieu of extended release medications. Some 
women may not tolerate a 1-hour glucose tolerance test and 
may require fasting and 1 to 2 hours postprandial glucose levels 
for 1 week at 25 to 28 weeks. Clinicians should have a high index 
of suspicion for band or bypass complications when women 
present with abdominal pain, nausea/vomiting, and anorexia. 
Consultation with bariatric or general surgeons should be 
sought readily and early (Table 9) (40,41). 


Future Directions 

Unanswered questions abound in the care of the obese pregnant 
patients. Well-designed prospective studies are needed to 
answer these research questions. Potential topics include 
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identifying (i) whether modest decreases in weight (5-10%) 
preconception elicit significant improvement in obstetric 
outcomes, (ii) appropriate GWG recommendations by class 
of obesity, (iii) successful interventions to improve GWG, and 
(iv) the effects of PA on obstetric and psychologic outcomes. 
Future research should inform best practices. 


REFERENCES 


1. Prevention Center for Disease Control & Prevention. Preventing chronic 
diseases: investing wisely in health. Preventing obesity and chronic 
diseases through good nutrition and physical activity. In. www.cdc.gov/ 
ncecdphp/Publications/factsheets/prevention/pdf/obesity.pdf. 

. Allison DB, Fontaine KR, Manson JE, Stevens J, VanItallie TB. Annual 
deaths attributable to obesity in the United States. JAMA 1999; 282: 
1530-8. 

3. Ogden CL, Carroll MD, Curtin LR, et al. Prevalence of overweight and 
obesity in the United States, 1999-2004. JAMA 2006; 295: 1549-55. 

4. Muennig P, Lubetkin E, Jia H, Franks P. Gender and the burden of 
disease attributable to obesity. Am J Public Health 2006; 96: 1662-8. 

5. LaCoursiere DY, Bloebaum L, Duncan JD, Varner MW. Population- 
based trends and correlates of maternal overweight and obesity, Utah 
1991-2001. Am J Obstet Gynecol 2005; 192: 832-9. 

6. Kim SY, Dietz PM, England L, Morrow B, Callaghan WM. Trends in pre- 
pregnancy obesity in nine states, 1993-2003. Obesity (Silver Spring) 2007; 
15: 986-93. 

7. Sebire NJ, Jolly M, Harris JP, et al. Maternal obesity and pregnancy 
outcome: a study of 287,213 pregnancies in London. Int J Obes Relat 
Metab Disord 2001; 25: 1175-82. 

8. Carter AS, Baker CW, Brownell KD. Body mass index, eating attitudes, 
and symptoms of depression and anxiety in pregnancy and the 
postpartum period. Psychosom Med 2000; 62: 264-70. 

9. Laraia BA, Siega-Riz AM, Dole N, London E. Pregravid weight is 
associated with prior dietary restraint and psychosocial factors during 
pregnancy. Obesity (Silver Spring) 2009; 17: 550-8. 

10. Cnattingius S, Bergstrom R, Lipworth L, Kramer MS. Prepregnancy 
weight and the risk of adverse pregnancy outcomes. N Engl J Med 1998; 
338: 147-52. 

11. Lu GC, Rouse DJ, DuBard M, et al. The effect of the increasing prevalence 
of maternal obesity on perinatal morbidity. Am J Obstet Gynecol 2001; 
185: 845-9. 

12. LaCoursiere DY. BJOG, 2010; 117: 1011-8. 

13. Lacoursiere DY, Baksh L, Bloebaum L, Varner MW. Maternal body mass 
index and self-reported postpartum depressive symptoms. Matern Child 
Health J 2006; 10: 385-90. 

14. Rooney BL, Schauberger CW. Excess pregnancy weight gain and long- 
term obesity: one decade later. Obstet Gynecol 2002; 100: 245-52. 

15. Rooney BL, Schauberger CW, Mathiason MA. Impact of perinatal weight 
change on long-term obesity and obesity-related illnesses. Obstet Gynecol 
2005; 106: 1349-56. 

16. Amorim AR, Rossner S, Neovius M, Lourenco PM, Linne Y. Does excess 
pregnancy weight gain constitute a major risk for increasing long-term 
BMI? Obesity (Silver Spring) 2007; 15: 1278-86. 

17. Dubois L, Girard M. Early determinants of overweight at 4.5 years 
in a population-based longitudinal study. Int J Obes (Lond) 2006; 
30: 610-17. 

18. Laraia BA, Siega-Riz AM, Kaufman JS, Jones SJ. Proximity of super- 
markets is positively associated with diet quality index for pregnancy. 
Prev Med 2004; 39: 869-75. 

19. Lane SD, Keefe RH, Rubinstein R, et al. Structural violence, urban retail 
food markets, and low birth weight. Health Place 2008; 14: 415-23. 

20. Laraia B, Messer L, Evenson K, Kaufman JS. Neighborhood factors 
associated with physical activity and adequacy of weight gain during 
pregnancy. J Urban Health 2007; 84: 793-806. 

21. Ronnemaa T, Koskenvuo M, Marniemi J, et al. Glucose metabolism in 
identical twins discordant for obesity. The critical role of visceral fat. 
J Clin Endocrinol Metab 1997; 82: 383-7. 

22. Pi-Sunyer F. The obesity epidemic: pathophysiology and consequences of 
obesity. Obes Res 2002; 10: 97S—103S. 

23. Chu SY, Callaghan WM, Kim SY, et al. Maternal obesity and risk of 
gestational diabetes mellitus. Diabetes Care 2007; 30: 2070-6. 


N 


37.8 


24. 


23: 


26. 


27. 


28. 


29. 


30. 


ai, 


32. 


33. 


34. 
35. 


36. 


ahs 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


Field AE, Coakley EH, Must A, et al. Impact of overweight on the risk of 
developing common chronic diseases during a 10-year period. Arch 
Intern Med 2001; 161: 1581-6. 

Sibai BM, Ewell M, Levine RJ, et al. Risk factors associated with 
preeclampsia in healthy nulliparous women. The Calcium for Pre- 
eclampsia Prevention (CPEP) Study Group. Am J Obstet Gynecol 1997; 
177: 1003-10. 

Wolf M, Kettyle E, Sandler L, et al. Obesity and preeclampsia: the 
potential role of inflammation. Obstet Gynecol 2001; 98(5 Pt 1): 757—62. 
Denison FC, Price J, Graham C, Wild S, Liston WA. Maternal obesity, 
length of gestation, risk of postdates pregnancy and spontaneous onset of 
labour at term. BJOG 2008; 115: 720-5. 

Nohr EA, Bech BH, Vaeth M, et al. Obesity, gestational weight gain and 
preterm birth: a study within the Danish National Birth Cohort. Paediatr 
Perinat Epidemiol 2007; 21: 5-14. 

Pevzner L, Powers BL, Rayburn WF, Rumney P, Wing DA. Effects of 
maternal obesity on duration and outcomes of prostaglandin cervical 
ripening and labor induction. Obstet Gynecol 2009; 114: 1315-21. 
Stotland NE, Washington AE, Caughey AB. Prepregnancy body mass index 
and the length of gestation at term. Am J Obstet Gynecol 2007; 197: 378 e1-5. 
LaCoursiere DY. Population-based trends in maternal obesity. J Soc 
Gynecol Investig 2004; 11: 191a. 

Juhasz G, Gyamfi C, Gyamfi P, Tocce K, Stone JL. Effect of body mass 
index and excessive weight gain on success of vaginal birth after cesarean 
delivery. Obstet Gynecol 2005; 106: 741-6. 

Durnwald CP, Ehrenberg HM, Mercer BM. The impact of maternal 
obesity and weight gain on vaginal birth after cesarean section success. 
Am J Obstet Gynecol 2004; 191: 954-7. 

Miller LJ. Postpartum depression. JAMA 2002; 287: 762-5. 

Grace SL, Evindar A, Stewart DE. The effect of postpartum depression on 
child cognitive development and behavior: a review and critical analysis 
of the literature. Arch Womens Ment Health 2003; 6: 263-74. 

Krause KM, Ostbye T, Swamy GK. Occurrence and correlates of 
postpartum depression in overweight and obese women: results from 
the active mothers postpartum (AMP) study. Matern Child Health J 2009; 
13: 832-8. 

Olson CM, Strawderman MS, Hinton PS, Pearson TA. Gestational weight 
gain and postpartum behaviors associated with weight change from early 
pregnancy to 1 y postpartum. Int J Obes Relat Metab Disord 2003; 27: 
117-27. 

Linne Y, Neovius M. Identification of women at risk of adverse 
weight development following pregnancy. Int J Obes (Lond) 2006; 
30: 1234-9. 

Maggard MA, Yermilov I, Li Z, et al. Pregnancy and fertility following 
bariatric surgery: a systematic review. JAMA 2008; 300: 2286-96. 
ACOG. Practic Bulletin 105: Bariatric Surgery and Pregnancy. 2009. 
Kirshtein B, Lantsberg L, Mizrahi S, Avinoach E. Bariatric emergencies 
for non-bariatric surgeons: complications of laparoscopic gastric banding. 
Obes Surg 2010; 20: 1468-78. 

Oddy WH, Li J, Landsborough L, et al. The association of maternal 
overweight and obesity with breastfeeding duration. J Pediatr 2006; 
149: 185-91. 

Li C, Kaur H, Choi WS, et al. Additive interactions of maternal 
prepregnancy BMI and breast-feeding on childhood overweight. Obes 
Res 2005; 13: 362-71. 

Rasmussen KM, Kjolhede CL. Prepregnant overweight and obesity 
diminish the prolactin response to suckling in the first week postpartum. 
Pediatrics 2004; 113: e465-71. 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


45. 


46. 


47. 


48. 


49. 
50. 


D1: 


52. 


53; 


54. 


39; 


56. 


57. 


58. 


59. 


60. 


6l. 


62. 


63. 


64. 


65. 


66. 


Dashe JS, McIntire DD, Twickler DM. Effect of maternal obesity on the 
ultrasound detection of anomalous fetuses. Obstet Gynecol 2009; 
113: 1001-7. 

Stothard KJ, Tennant PW, Bell R, Rankin J. Maternal overweight and 
obesity and the risk of congenital anomalies: a systematic review and 
meta-analysis. JAMA 2009; 301: 636-50. 

Kristensen J, Vestergaard M, Wisborg K, Kesmodel U, Secher NJ. 
Pre-pregnancy weight and the risk of stillbirth and neonatal death. BJOG 
2005; 112: 403-8. 

Thompson DR, Clark CL, Wood B, Zeni MB. Maternal obesity and risk 
of infant death based on Florida birth records for 2004. Public Health Rep 
2008; 123: 487-93. 

Metzger. ADA presentation. 2010. 

Salihu HM, Weldeselasse HE, Rao K, Marty PJ, Whiteman VE. The impact 
of obesity on maternal morbidity and feto-infant outcomes among 
macrosomic infants. J Matern Fetal Neonatal Med 2011; 24: 1088—94. 
Boney CM, Verma A, Tucker R, Vohr BR. Metabolic syndrome in 
childhood: association with birth weight, maternal obesity, and gesta- 
tional diabetes mellitus. Pediatrics 2005; 115: e290-6. 

Medicine Io. Weight gain during pregnancy: reexamining the guidelines. 
Washington D.C.: National Academies Press, 2009. 

Thomas A, Hodges B, Chapin M, et al. Obesity in women — a guide to 
assessment and management. Brigham and Women’s Hospital, Mary 
Horrigan Connors Center for Women’s Health. 

Serdula MK, Gillespie C, Kettel-Khan L, et al. Trends in fruit and 
vegetable consumption among adults in the United States: behavioral risk 
factor surveillance system, 1994-2000. Am J Public Health 2004; 94: 
1014-18. 

Troiano RP, Berrigan D, Dodd KW, et al. Physical activity in the United 
States measured by accelerometer. Med Sci Sports Exerc 2008; 40: 181-8. 
DiNallo JM, Le Masurier GC, Williams NI, Downs DS. Walking for 
health in pregnancy: assessment by indirect calorimetry and accelero- 
metry. Res Q Exerc Sport 2008; 79: 28-35. 

Stuebe AM, Oken E, Gillman MW. Associations of diet and physical 
activity during pregnancy with risk for excessive gestational weight gain. 
Am J Obstet Gynecol 2009; 201: 58 el-8. 

Scott JG, Cohen D, DiCicco-Bloom B, et al. Speaking of weight: how 
patients and primary care clinicians initiate weight loss counseling. Prev 
Med 2004; 38: 819-27. 

Medicine IO. Weight Gain During Pregnancy: Reexamining the Guide- 
lines: Brief Report. 2009. 

CMACE. 2010. 

Modesitt SC, van Nagell JR Jr. The impact of obesity on the incidence and 
treatment of gynecologic cancers: a review. Obstet Gynecol Surv 2005; 60: 
683-92. 

Villavicencio MA, Sundt TM 3rd, Daly RC, et al. Cardiac surgery in 
patients with body mass index of 50 or greater. Ann Thorac Surg 2007; 
83: 1403-11. 

Ebert TJ, Shankar H, Haake RM. Perioperative considerations for patients 
with morbid obesity. Anesthesiol Clin 2006; 24: 621-36. 
Saravanakumar K, Rao SG, Cooper GM. The challenges of obesity and 
obstetric anaesthesia. Curr Opin Obstet Gynecol 2006; 18: 631-5. 
Bamgbade OA, Rutter TW, Nafiu OO, Dorje P. Postoperative 
complications in obese and nonobese patients. World J Surg 2007; 
31: 556-60. 

Walsh C, Scaife C, Hopf H. Prevention and management of surgical site 
infections in morbidly obese women. Obstet Gynecol 2009; 113(2 Pt 1): 
411-15. 


38 Medicolegal considerations 
Erol Amon and Gilad Gross 


INTRODUCTION 

It is important to initially view the professions of medicine and 
law from the perspective of the roles they serve in a civilized 
society. In many ways, the professions are quite similar and yet 
have important differences. We do not rely on the practice of 
voodoo medicine, nor do we rely on capriciousness in the 
practice of law. Each profession has a well-developed set of 
values, norms, and methods taught within a higher educa- 
tional system. The final practical step is that each professional 
is granted a license by the state in which they practice based on 
personal achievement, professionalism, and meeting obliga- 
tions to the public. 

Analogous to the physician—patient relationship is that of 
the attorney-client. Both share the duty of confidentiality and 
to place their patients’ or clients’ interest before their own. In 
most instances, clients or patients are extremely vulnerable 
and in need of professional assistance. This asymmetric 
relationship and need for profound levels of duty call for high 
degrees of professionalism from members of both professions. 

Alternatively, there are marked differences. Medicine 
employs an open, cooperative, yet tightly constrained scientific 
methodology invested in discovering the truth. By contrast, 
the American legal system uses a relatively hidden, more 
creative, adversarial approach in which the courts and jurors 
unearth the truth to best meet the needs of the justice system. 
The attorney’s goal is to use the adversarial system to win their 
case for their client rather than a thorough searching for truth. 
While scientific studies generally advance a physician’s 
purpose to care for and remedy his patient’s illness, some of 
these studies may actually detract from an attorney’s theory on 
an alleged malpractice case. This occurs because in all 
circumstances attorneys have the ethical duty to advocate 
zealously for their client. In medicine, scientific unknowns 
remain as inconclusive unanswered questions, whereas legal 
disputes are always conclusively decided upon and finality 
reached regardless of the quality and quantity of evidence 
presented. Physicians are trained in the traditional sciences 
and the scientific method while attorneys are generally 
schooled in disciplines of advocacy, debate, and political 
science (1). 

There are multiple opportunities for the two professions to 
interface. Broadly, there are two major meeting grounds: 
(i) professional liability litigation and (ii) contractual or regula- 
tory aspects of medical practice (2). This chapter will focus on 
several aspects of professional liability and its litigation. 

Most physicians will be called on during their career to 
provide legal testimony in one context or another. They could 
be a party to a lawsuit either as plaintiff or defendant. They 
could be a fact witness providing first-hand knowledge about a 
patient’s condition, treatment, and records. In this capacity, 
personal testimony relates to what the physician observed, 


heard, or did in the case being litigated. They may also be 
called upon to provide expert testimony and opine on past 
events relating to a malpractice lawsuit, in which they often 
have no first-hand knowledge about the patient’s condition or 
care. They could also be called upon to predict future medical 
outcomes, including life expectancy, and in a psychiatric 
context to discern whether a patient is dangerous enough to be 
involuntarily committed (homicidal or suicidal) by a judicial 
decision. 


LITIGATION FOR ALLEGED MEDICAL MALPRACTICE 
The American legal system is known as the adversarial system 
having its origin in English law. This method of litigation is the 
foundation of the American justice system. In theory, it has 
potential to perform quite well. Accordingly, the logic is as 
follows (3): 


1. if two equally matched attorneys (with intelligence, 
experience, and resources) 

zealously and competently represent their clients, 
within the bounds of ethical and legal rules, 

with neutral judges and juries, 

then the correct results should be reached. 


a po p 


It is noteworthy that judges do not often take active roles; 
rather, they simply are a neutral referee ruling on admissibility 
of evidence and other legal issues as they arise. The court will 
not be interested in reviewing evidence the parties do not 
present. Jurors are also passive participants usually unable to 
ask clarifying questions (3). 

As a result, attorneys for each side bear an enormous 
responsibility. Each side is presumed to look after their own 
interests. They must investigate, prosecute, and defend their 
clients by collecting, organizing, and presenting the 
evidence (4). Each party to the litigation will attempt to 
advance its own favorable evidence (interpretation of historical 
facts) while attempting to limit the admissibility and credibility 
of its opponent’s evidence. In contrast to medical practice, 
there is no obligation to present all the facts, only those 
favorable to a particular side. Opposing attorneys examine and 
cross-examine the witnesses and, by using the rules of 
evidence, attempt to convince a relatively passive court of 
the correctness of their client’s position. 

Each side defines the scope of relevant evidence. Evidence 
law states that evidence is relevant if it has “any tendency to 
make the existence of any fact that is of consequence to the 
determination of the action more probable or less probable 
than it would be without the evidence” (5). This evidence must 
be pertinent to the case and help the judge or jury make a final 
decision based on a “preponderance of the evidence.” The trier 
of fact (judge or jury) assesses the evidence presented 
and unearths the “real truth.” Regardless of how close the 
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pro and con evidence stacks up, ultimately, a conclusion must 
be reached and one side must win. 

To assist the court in making its final decision, attorneys will 
call upon expert witnesses to help explain to the lay jury the 
applicable standards of care, whether they were breached, 
whether the breach caused the injury, and the measure of the 
past and projected monetary damages based on the nature of 
the injury (6). 


PROVING PROFESSIONAL NEGLIGENCE 

The burden of proof rests with the plaintiff in the American 
judicial system; the degree to which this must be demon- 
strated, however, is variable. In criminal cases in which a 
defendant’s life or liberty is at stake, the burden is to provide 
evidence that is “beyond a reasonable doubt,” which typically 
translates to a 95% likelihood. However, in professional 
negligence cases where the compensation for injury secondary 
to negligence is money, the courts apply a mere “preponder- 
ance of the evidence” standard (6). This often equates to 
proving only 51% likelihood or as common parlance as “more 
likely than not.” 

There are four elements that must be demonstrated in a 
professional negligence lawsuit. These are duty, breach, 
causation, and injury. Each element must be proved by the 
preponderance of evidence standard (2). 

The first of these elements, a legal duty, is created by the 
physician—patient relationship. The obligation arising out of 
this relationship is the duty to provide the standard of medical 
care that would be exercised by other similarly situated 
physicians under similar circumstances with comparable 
resources (6). These standards of care refer to appropriate 
conduct (behavior), that is, actions or inactions by the 
defendant. It does not refer to a mind-set (character) to harm 
or help the plaintiff. 

It is imperative to understand the contrast of legal duty from 
ethical duty. A legal duty is what must or must not be done that 
a court of law may or will enforce. An ethical duty is what 
someone should or should not do and a court may not or will 
not find it enforceable. Consider a physician who happens to 
be shopping at a mall and the person standing in front of him 
collapses and stops breathing. The physician ethically should 
assist that person. However, in the absence of a preexisting 
physician—patient relationship, he has no legal duty, no legal 
requirement, to help and cannot be hailed into a court for 
failing to provide medical care. However, once this physician 
takes action to help, he must do so nonnegligently. To 
encourage these selfless acts, almost all states have enacted 
“Good Samaritan” statutes to protect these good people from 
lawsuits (7). 

The second element that has to be proved by the plaintiff is 
the defendant’s breach of the standard of care (the legal duty). 
Here the physician’s conduct is at issue. The alleged negligent 
(breached) conduct is either an omission of an owed duty or 
commission of a negligent act. To prove this element, expert 
witness testimony is generally required (2) to provide 
admissible evidence for the benefit of the court by answering 
two questions: 


1. what is or should of been the standard of medical 
care and 
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2. whether the duty to provide that standard was 
breached by the defendant physician. 


The legal principle of Res Ipsa Loquitur is an exception to the 
plaintiffs requirement for expert witness testimony (2). This 
legal doctrine addresses the adverse outcome that could only 
have come about by the defendant’s negligence. It is a rule of 
circumstantial proof (6). A prime example is the unintentional 
leaving of a sponge in a patient’s abdomen after a surgical 
procedure. Here the lay person may use their common sense 
and reason that this was clearly negligence. 

The third element to prove is legal causation. There must be 
a reasonably close and causal connection between the breach 
of the standard care and the alleged injury. The legal question 
asked of and answered by the expert witness is “but for” the 
defendant’s breach, would the plaintiff suffered the claimed 
injury (6). In other words, the breach must be a necessary 
condition that leads to the injury. Furthermore, the attorney 
will often be required to ask the expert witness that “within a 
reasonable degree of medical certainty” whether the alleged 
breach resulted in the alleged injury (2). 

In medicine, causation is complex and depends on multiple 
factors. To establish scientific proof using “evidenced-based” 
medicine, physicians often rely on controlled clinical trials 
with mathematical probabilities. Scientific studies minimize 
the occurrence of happenstance or chance by quantifying a 
probability of error to <5%. Causation is further strengthened 
if these results are independently reproducible. 

In law, however, the notion of legal cause is generally quite 
different than medical causation. The focus is not scientific 
truth. The heart of the legal matter is the attribution of 
responsibility (8). Therefore, by necessity, the law commences 
a retrospective investigation of particular conduct of particular 
persons and uses the somewhat complex rules of legal evidence 
to help the jury make a final decision. In these situations, the 
probability of error in malpractice litigation (<50%) can be 
much higher than that in science (<5%). Thus, the 51% 
standard proof (i.e., preponderance of the evidence) is invoked 
to persuade the jury. 

The final element that requires legal proof is the development 
of an injury. The purpose of awarding monetary damages is to 
make the victim “whole” from a legal standpoint. If there is no 
injury, there is no recovery on which damages can be based. 
Compensatory damages are usually of two types: economic 
(measurable) and non-economic (nonmeasurable). Eco- 
nomic damages include case-related past, present, and future 
medical expenses and related loss of past, present, and future 
wages. An economic expert known as a “life planner” will testify 
as to the amount of economic damages. Noneconomic damages 
include those related to “pain and suffering,” loss of 
consortium, and mental anguish. Unfortunately, these cannot 
be accurately quantified and thus are subject to sizable degrees 
of variation among juries. Many state legislatures, through tort 
law reforms, have enacted or are attempting to enact a hard cap 
on noneconomic damages to protect against runaway jury 
awards, to improve the predictability of judgment amounts, and 
to stabilize insurance premiums and maintain access to medical 
care (9). 

Ultimately, all four elements must be linked together 
for the plaintiff to prevail by proving each element by a 
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preponderance of the evidence (2). If a physician defendant 
has no legal duty to the patient, that suit will automatically fail. 
If the defendant can show that the standard of care was met 
despite an adverse outcome (maloccurrence), the defendant 
should prevail. Even if the defendant did breach a standard of 
medical care owed to the plaintiff, but the breach did not cause 
or was unrelated to the injury, the plaintiff should not recover 
any damages. 

Legal duty is hardly ever litigated because in most cases 
there is usually a well-defined physician—patient relation- 
ship. On the other hand, evidence pertaining to the other 
three elements is inevitably controversial, often litigated, 
and most often introduced into court through the testimony 
of experts. 


GUIDELINES FOR EXPERT WITNESS TESTIMONY 

An expert witness is defined as a person who, by reason of 
education, special training, and/or experience possesses 
knowledge of a particular subject area at greater depth than 
the judge or lay jury. The judge will often decide on the 
admissibility of this evidence (expert’s testimony) by assessing 
the proffered expert’s qualifications and opposing counsel’s 
objections. Once allowed to testify in the courtroom, the jury 
will weigh the expert’s testimony about their interpretation 
(opinions) of the facts of the case (6). 

Multiple experts may be used to prove each element 
independently. In contrast to fact witnesses, expert witnesses 
are permitted to reflect, opine, and pontificate in court. 
Initially, experts on standard of care through testimony 
educate the jury on what the appropriate medical practice is 
or should be, and whether or not the defendant’s conduct falls 
within the standard of care. Causation experts may be used to 
establish whether the alleged breach “within a reasonable 
degree of medical certainty” caused the alleged injury. A single 
expert witness can provide testimony on both standard of care 
and causation, or alternatively and more likely, multiple 
experts will be utilized. Economic experts are separate 
individuals who make claims regarding the degree of damages, 
life expectancy, and projected future costs. 

Expert witnesses are employed by opposing parties of a 
malpractice claim. Physicians who accept both plaintiff and 
defense cases are thought to be less biased. Depending on 
individualized State Tort Law, an expert may render appro- 
priate opinions by virtue of similar practice and does not need 
to practice an identical discipline of medicine. Nonetheless, 
the expert must have knowledge of the standard of care and be 
familiar with the locality of the case setting. A favorable expert 
is one who is active clinically. While it helps to be familiar with 
current literature, it is very important that they have an 
understanding of the standards of care during the time period 
that the case actually took place. Oftentimes, years, and even 
decades, have passed before a case is filed. Also it is important 
that experts understand the setting by region and facility and 
how these factors can impact the evidence of a case. 

Obstetric cases stemming from alleged neurologic birth 
injuries attract a relatively small group of physician experts 
who testify in a large portion of cases. Many witnesses tend to 
establish themselves as plaintiff or defendant “friendly” (10). 
Although specific qualifications can vary from state to state, 
the American College of Obstetricians and Gynecologists has 
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Table 1 American College of Obstetricians and Gynecolo- 
gists Qualifications for the Expert (11) 


1 The physician expert witness must have a current, valid, and 
unrestricted license to practice medicine in the state in 
which he or she practices 

2 The physician expert witness should be currently certified by 
a board recognized by the American Board of Medical 
Specialties, as well as by experience or demonstrated 
competence in the subject of the case 

3 The specialty, training, and experience of the physician 
expert witness should be appropriate to the subject matter 
in the case 

4 The physician expert witness should be familiar with the 
standard of care provided at the time of the alleged 
occurrence. In addition, the physician expert witness 
should have been actively involved in the clinical practice 
of the specialty or the subject matter of the case within 5 
years from the time the expert was retained to provide an 
expert opinion in the matter 

5 The physician expert witness should be able to demonstrate 
evidence of continuing medical education relevant to the 
specialty or the subject matter of the case 

6 The physician expert should be prepared to document the 
percentage of time that is involved in serving as an expert 
witness. In addition, the physician expert should be willing 
to disclose the amount of fees or compensation obtained 
for such activities and the total number of times the 
physician expert has testified for the plaintiff or defendant 


offered a guide in an attempt to promote the integrity of the 
individual expert witness and his professional organi- 
zation (11). Their recommendations are found in Table 1. 

As stated previously, the expert witness who testifies on 
behalf of both plaintiff and defendant is considered less 
ethically biased (12). The expert should distinguish maloccur- 
rence from malpractice. Maloccurrence is an adverse outcome 
unrelated to the quality of care provided, whereas malpractice 
is substandard care causing harm. It is unethical for a 
physician expert to accept compensation that is contingent 
on the outcome of litigation (13). 

Additional ethical principles for expert testimony (12) in- 
clude the following: 


1. The physician’s review of medical facts must be 
thorough, fair, and impartial and must not exclude 
any relevant information. It must not be biased to 
create a view favoring the plaintiff, the government, 
or the defendant. The goal of a physician testifying 
in any judicial proceeding should be to provide 
testimony that is complete, objective, and helpful to 
a just resolution of the proceeding. 

2. The physician’s testimony must reflect an evaluation 
of performance in light of generally accepted 
standards, neither condemning performance that 
falls within generally accepted practice standards 
nor endorsing or condoning performance that falls 
below these standards. Medical decisions often 
must be made in the absence of diagnostic and 
prognostic certainty. 

3. The physician must make every effort to assess the 
relationship of the alleged substandard practice to 
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the outcome, because deviation from a practice 
standard is not always substandard care or causally 
related to a bad outcome. 

4. Finally, the physician must be prepared to have 
testimony given in any judicial proceeding sub- 
jected to peer review by an institution or profes- 
sional organization to which he or she belongs. 


When called upon to testify, most physicians bring a high 
degree of professionalism to the legal process and play a very 
important role in the administration of justice (13). Unequi- 
vocally, a patient injured by genuine medical malpractice 
deserves due compensation. When true malpractice has 
occurred, the individual (patient) and society (all of us) will 
benefit by professional testimony that assists a court in 
reaching that conclusion (9). 

Most physicians desire the best for their patients. More 
often than not, unfortunate maloccurrence is the nature of an 
adverse outcome rather than true medical malpractice. 
Physicians can benefit and avoid litigation by application of 
the principles of risk management. 


SELECTED ASPECTS OF RISK MANAGEMENT 
Maloccurrence is defined as a bad or undesirable outcome that 
is unrelated to the quality of care provided. In some cases, these 
outcomes are anticipated and unavoidable. In other cases, they 
are unanticipated yet unavoidable. Fully informed consent goes 
a long way to preventing litigation in these situations. 
Malpractice, on the other hand, is essentially the provision of 
substandard medical care that causes significant harm (12). 

Basic risk management principles include listening carefully to 
patients, documenting their complaints, comments, and re- 
sponses, as well as timely documentation of how physicians 
respond both verbally and physically. While this communication 
and documentation will confer some degree of protection from 
claims, it remains a basic tenet that errors must be avoided. 

Practicing the principles of patient safety minimizes medical 
errors. Open and extensive communication among caregivers 
is paramount to this process. It builds trust and respect 
through such endeavors as team training, structured sign outs, 
team huddles that anticipate problems, mock drills, and 
clinical simulations. Significant improvements in the manage- 
ment and outcomes of obstetric emergencies such as shoulder 
dystocia and hemorrhage have been reported. The concept of 
full disclosure to patients following adverse outcomes has also 
been shown to reduce the risk of malpractice claims. 
Physicians who demonstrate compassion by being available 
to discuss, answer questions, and importantly apologize as 
appropriate are less apt to be the target of claims. Still some 
physicians appear to be prone to lawsuits. 

Frequently sued obstetricians demonstrate a pattern of 
behavior that is fairly predictable. They are often rushed and 
unavailable. When present, they often are poor communica- 
tors and do not take the time to listen or offer pertinent 
information. They seem unconcerned and show disrespect to 
their patients. Despite these shortcomings, the outcomes of 
lawsuits in the setting of these contextual risk factors still seem 
to favor the lawsuit-prone physicians (14). Although there 
may be unprofessional behavior, the alleged acts of negligence 
acts are often not as claimed. They may turn out not breaches 
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of the standards of care; furthermore, the untoward outcome 
may be a temporary injury that resolves with minimal effects 
or no injury at all. 

In contrast to cases that result in no payment, the greatest 
predictor of a professional liability payment to a patient is the 
severity of outcome, namely an unanticipated death or 
permanent disability. Being a great communicator, being 
personable, and being well liked by your patient is very 
important but does not provide complete immunity from a 
lawsuit. If there is a significantly bad outcome due to substandard 
care, and there are appropriate expert plaintiff attorneys and 
expert witnesses, there is a high likelihood that when litigation 
does happen, it will rightfully result in favor of the plaintiff. 

What can institutions do? Current initiatives to reduce liability 
via vigorous quality improvement (QI) programs are being 
developed. QI endeavors can be implemented in solo locations 
or system-wide entities. A series of “triggers” are identified that 
when encountered, set off an automatic review by select 
representatives on the committee. Examples from the field of 
obstetrics include postpartum hemorrhage, a return to the 
operating room, and maternal readmission. These reviews are 
done to identify variables that contribute to adverse outcomes or 
near misses. Events are deemed avoidable or unavoidable and 
action items are created. Responsible parties are then tasked with 
addressing deficiencies and propagating progressive change. 


CONCLUSION 

In conclusion, we reviewed the four elements of medical 
malpractice case, the importance of expert witness testimony, 
the guidelines for integrity and ethical physician expert witness 
testimony, and some practical aspects of risk management and 
litigation avoidance. 
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INTRODUCTION 
Most health professionals will at some time encounter the 
issue of substance abuse in pregnancy, as increasing numbers 
of pregnant women cope with the aid of illicit drugs or 
continue established substance abuse patterns despite preg- 
nancy. The drug-abusing population includes women from 
every portion of society, every ethnic group, and every 
socioeconomic stratum. In 2007, 19.9million Americans aged 
12 or older were current (past month) drug users; 6.9 million 
people aged 12 and older were classified as having a 
dependence on, or abuse of, illicit drugs. Among pregnant 
women aged 15 to 44 years, 3.9% reported using illicit drugs in 
the past month (1). Familiarity with drugs of abuse, 
recognition of the hallmarks and subtleties of drug use, and 
the ability to be prepared for possible complications of drug 
use in mother, fetus, and neonate is therefore essential for 
those caring for pregnant women and their offspring. 
Relatively little is known about the direct effects of specific 
illicit drugs on human pregnancy. Since most women who 
abuse drugs use more than one drug, studies are rarely “pure.” 
As polydrug use complicates even the best of human studies, 
and as malnutrition, anemia, and infection are frequently 
confounding factors, most authors caution against too narrow 
an interpretation of data regarding the effects of a single drug. 
Nevertheless, inferences can be drawn from human studies 
and data extrapolated from animal studies. The following 
pages contain a review of some of the more common drugs of 
abuse in pregnancy. 


MARIJUANA 

Marijuana is the most commonly used illicit drug; its use has 
increased in reproductive-aged women (1). Delta-9- 
tetrahydrocannabinol (D9THC) is its main pharmacologically 
active component. Cannabidiol and cannabinol, other com- 
ponents of marijuana that can affect the metabolism and 
activity of DOTHC, do not possess significant pharmacologic 
activity of their own (2). The primary site of marijuana 
metabolism is the liver; the lung also affords some metabolic 
action (3). The primary metabolite of DOTHC (11-hydroxy 
D9THC), which may also be pharmacologically active, is in 
turn converted to more polar metabolites that are excreted 
through bile, feces, and urine (2). Two weeks after the marijuana 
use, DITHC may still be detected in urine (4). Smoking 
marijuana leads to rapid onset of drug action (within minutes), 
yielding effects that usually last less than 2 to 3 hours (3). 
Marijuana is lipophilic and readily distributed to organs with 
relatively high blood flow (liver, lung, kidney, spleen). 
However, the brain, which also has a good blood supply, 
receives comparatively small amounts of marijuana (2), which 
accumulates mainly in the gray matter. Physiologic effects of 


marijuana use include tachycardia, slight decrease in blood 
pressure, reddening of the conjunctiva, fine hand tremors, and 
a modest reduction in muscle strength. Marijuana also 
possesses analgesic activity, has antiemetic properties, and 
causes hallucinations in high doses (3). Following marijuana 
administration, users experience a brief stimulatory phase in 
which they may become anxious and restless or euphoric. 
They typically report enhanced perception of the five senses. 
A period of sedation follows in which users seem to move in 
and out of a “dream-like” state, during which they have a 
shortened attention span, an altered sense of time and 
distance, and impairment of short-term memory. 

The placenta can accumulate significant amounts of DOTHC. 
Placental transfer has been documented in monkeys (5), 
sheep, and mice and rats (2). Maternal administration of 
D9THC in these animals yields lower concentrations of 
marijuana in the fetus than in the mother (5). 

The actual effect of marijuana use on human pregnancy 
outcome and on the fetus is controversial. Suggested effects 
include a higher occurrence of preterm labor and abruptio 
placentae (6) (possibly dose dependent), an increased risk of 
precipitous labor (4), an increased risk of abnormal antenatal 
tests (4), a higher likelihood of meconium staining of amniotic 
fluid at the time of delivery (4), and an increased risk of 
prolonged, protracted, or arrested labor (4). Few authors have 
confirmed the findings of an increased risk of preterm labor or 
precipitous labor, and the increased incidence of meconium is 
not a universal finding (7). The incidences of miscarriage, 
obstetric complications, or major fetal physical anomalies in 
human pregnancies complicated by marijuana use are the 
same as those of controls (8). There is no increased risk of 
perinatal death, nor is there a need for special care of human 
babies prenatally exposed to inhaled cannabis (9). A consistent 
relationship between marijuana use and the incidences of 
premature rupture of membranes, fetal distress, and fetal 
malposition has not been demonstrated (6). Frequent and 
regular use of marijuana throughout pregnancy is associated 
with a detectable, though not statistically significant, decrease 
in birth weight (9). Fried et al. found no effect of maternal 
marijuana use on infant weight, length, head circumference, or 
Apgar scores (8). 

A significant amount of research has been done to evaluate 
the impact of marijuana on brain development, learning, and 
behavior of the prenatally exposed fetus. Cannabinoid (CB) 
receptors identified in the white matter of the brain of fetal rats 
have an influence on early brain development (10) through the 
expression of dopamine (11), serotonin, and glutamate (12), 
involving glial cells and axonal linkages and the hypothalamic- 
pituitary axis (13). In the fetal, neonatal, and adult human 
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brain, CB receptor-binding sites are found throughout the 
frontal cortex; there is an increase in receptor binding in 
developing brains. Rats injected with CB-1 agonists demon- 
strate learning disruption and changes in emotional reactivity; 
authors postulate that an impairment in cortical glutamatergic 
neurotransmission is associated with the observed reduction in 
cortical neurons and impaired neurite branching (12). Human 
fetuses exposed in utero to marijuana at 18 to 22 weeks were 
found to have a significant reduction of the D2 gene expression 
in the amygdala (11). Decreased D2 mRNA expression in the 
amygdala (linked to emotional behavior and mood states) 
provides a possible explanation for observed cognitive and 
behavioral states of older children exposed in utero to 
marijuana, according to Wang et al. (11). 

Purported neurobehavioral effects following prenatal ex- 
posure to marijuana include an increase in fine tremors and 
exaggerated and prolonged startle responses in newborn 
infants. These infants may have a poorer habituation response 
to visual stimuli (8), but they show a normal response to 
auditory stimuli (5). By 12 and 24 months of age, infants 
exposed prenatally to marijuana are similar to controls when 
assessed for visual, mental, motor or language capabilities. At 
48 months, memory and verbal parameters of children 
exposed to more than regular marijuana use are affected, 
and 3-year-olds also have poorer abstract and visual reason- 
ing (14). Head circumference is negatively impacted at 9 to 12 
years of age (14). While there is no uniform decrease in 
intelligence, certain processes of executive function such as 
complex visual-perceptual tasks, planning, and attention are 
affected into adolescence (14). 

Although controversy remains about the effects of perinatal 
marijuana use on pregnancy, research supports a long-lasting 
effect on the developing brain. This may help guide in 
counseling the marijuana user about potential effects of in 
utero exposure. Increased vigilance in the reproductive-aged 
population is warranted, as marijuana use is so prevalent, 
concomitant use of other drugs is so common, and self- 
reporting is often incomplete. 


LYSERGIC ACID DIETHYLAMIDE 
The hallucinogen lysergic acid diethylamide (LSD) reached its 
peak popularity in the late 1960s. Since that time, the overall 
use of LSD has declined dramatically (1,15). After oral 
administration, LSD is rapidly absorbed into the blood. 
Physiologic effects in humans are generally sympathomimetic 
in character: pupillary dilation, an increase in blood pressure, 
tachycardia, hyperreflexia, piloerection, and increased tem- 
perature (3). LSD induces states of altered perception. Initial 
symptoms, which occur within minutes following ingestion, 
include dizziness, weakness, nausea, and paresthesias. Within 
2 to 3 hours, the user experiences visual illusions and affective 
symptoms. Within 4 to 5 hours, users may experience major 
panic attacks or merely feel detached. Drug effects may differ 
among users as well as with the same person on different 
occasions. The half-life of LSD is approximately 3 hours and 
symptoms begin to abate after 12 hours. There is no 
withdrawal syndrome, and no deaths have been attributed to 
the direct effects of LSD. 

In 1968 and 1969, three case reports suggested human 
teratogenicity from prenatal LSD exposure. These involved limb 
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defects, specifically finger abnormalities, and occasionally toe 
abnormalities of either or both the feet (16,17). In all three 
reports, each fetus had also been exposed to marijuana. 
McGlothlin et al. (18) studied the effects of parental LSD 
exposure and observed an increased risk of spontaneous abortion 
among women exposed to LSD. Several authors have suggested a 
causative association between LSD intake and chromosomal 
damage while others have disputed this correlation (17,19). 


COCAINE 

Cocaine is a stimulant drug derived from the coca plant, 
Erythroxylon coca. Cocaine use in pregnancy was widely 
publicized in the 1980s with reports of the urban phenomenon 
of “crack babies” flooding maternity wards and burdening 
society. While harm from cocaine to multiple organ systems is 
clear, and much of the risk in pregnancy is known, there are 
numerous confounders that make effects directly attributable 
to cocaine difficult to isolate; the mania of the media blitz may 
be unfounded (20,21). A retrospective study of 139 cocaine- 
abusing women revealed concomitant use of other drugs such 
as alcohol, tobacco, marijuana, diazepam, heroin, and 
methadone to occur in 92.8% of users (20). Cocaine use has 
increased, but its use still pales when compared with that of 
marijuana and alcohol. In the United States, 1.5million 
persons over the age of 12 met the criteria for the abuse or 
dependence of cocaine or crack cocaine over the past year (1). 

Cocaine is an alkaloid related to topical anesthetic agents. 
Hydrochloride can be added to the alkaloid and then heated to 
yield the free base known as “crack.” Cocaine can be sniffed, 
injected, or smoked as the freebase form. Cocaine causes a 
“rush” of intense euphoria, which lasts 20 minutes after 
injection and 60 to 90 minutes following intranasal use. Mood 
is elevated along with energy and alertness, and the appetite is 
decreased. When this effect wears off, the user may “crash” 
and become lethargic, depressed, and somnolent. Finally in an 
“extinction” phase, an episodic intense craving for the drug 
will gradually decrease in frequency and severity, but can last 
months or years after last use (22). 

Cocaine blocks the presynaptic reuptake of catecholamines 
at neuron terminals, which then increases postsynaptic levels 
of norepinephrine, dopamine, and epinephrine (23). The 
plasma half-life of cocaine is approximately 40 minutes, and it 
is then metabolized by the liver, plasma esterases, and the 
cytochrome P450 enzymes (22,23) and then excreted in the 
urine. Cocaine can be detected for 8 hours in the urine and its 
metabolites detected in urine for up to 7 days. 

The major physiologic effects of cocaine relate to its 
sympathomimetic characteristics: hypertension, tachycardia, 
hyperglycemia, hyperpyrexia, and mydriasis. Coronary vaso- 
constriction can cause spasm, angina, acute myocardial 
infarction, arrhythmias, and sudden death. Acute vasocon- 
striction can cause subarachnoid hemorrhage, ischemic or 
hemorrhagic stroke (24), and intestinal necrosis (23). Sniffing 
or snorting cocaine can cause anosmia, chronic rhinitis, septal 
degeneration, necrosis, and perforation (22). Smoking cocaine 
can cause direct lung damage, pulmonary edema, spontaneous 
pneumomediastinum, and pneumopericardium (22). Higher 
doses of cocaine can cause disinhibition, disturbances in 
judgment, grandiosity, impulsive behavior, hypersexuality, 
and paranoid psychosis (22). 
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Perinatal effects associated with gestational cocaine use are 
fogged by confounding risk factors such as polysubstance 
abuse, malnutrition, and lifestyle. Associations include an 
increase in spontaneous abortions (25,26), preterm prema- 
ture rupture of membranes (21,27), chorioamnionitis (21), 
meconium-stained amniotic fluid (20,21), and precipitous 
labor (21,28). The most commonly cited perinatal effects of 
prenatal cocaine exposure are prematurity, growth restric- 
tion, low birth weight, and placental abruption. Most of these 
effects are thought to be related to cocaine’s vasoconstrictive 
properties. 

In 1983, Acker et al. reported two cases of abruptio 
placentae associated with cocaine use (29). While other 
investigators had similar findings (25,26), some of these have 
low statistical significance and other reports dispute them 
altogether (27,28,30). In one study, infants whose urine tested 
cocaine positive (exposure shortly before delivery) had a 
similar rate of abruptio placentae as infants with cocaine- 
negative urine (no recent exposure) (21). The rate of 
abruption in both groups was, however, higher than that of 
the general population. Several case reports have noted an 
association of cocaine use and uterine rupture (31-33), 
thought to be related to the increase in contractile force of 
the myometrium (34). 

Most authors agree that cocaine use increases the 
likelihood of preterm labor (28,35) and of preterm 
birth (20,27,28) although there is no significant difference 
when controlled for polydrug use. While prematurity and 
low birth weight both increase the risk of intracerebral 
events, the risk appears to be higher in cocaine-exposed 
babies, as compared with controls (36). Decreased 
birth weight (28), low birth weight (LBW) (less than 
2500g) (27,28), intrauterine growth retardation (IUGR), 
and small-for-gestational-age (SGA) infants occur following 
prenatal cocaine exposure (20,28,35), though there is not a 
statistically significant difference in IUGR if multiple drugs 
are used (28). Cocaine use is predictive of low birth weight 
even when other variables such as age, race, gravidity, 
socioeconomic status, and lack of prenatal care are 
controlled (27). The use of other drugs is additive with 
respect to LBW. Burkett et al. found that the combination of 
cocaine with tobacco and other drugs, excluding alcohol, 
had more effect on the incidence of SGA and LBW infants 
than cocaine alone (21). Zuckerman et al. found the use of 
marijuana and cocaine to be independently associated with 
impaired fetal growth (37). 

Neonatal effects of cocaine exposure are varied and 
without a typical presentation. Cocaine has no consistent 
effect on 5-minute Apgar scores (20,28) or umbilical artery 
pH values (28). Neonatal neurobehavioral abnormalities 
include tremulousness, irritability and muscular rigidity, 
sleeping problems, feeding difficulties, vomiting, diarrhea, 
fever, hypotonia, a high-pitched cry, tachypnea, hyperre- 
flexia, tachycardia, seizures, and hyperresponsiveness (20). 
A poor sucking response and neurologic deficits are 
frequently prominent features in these infants (21). Apneic 
spells and abnormal pneumograms have been noted (21), 
and some authors report an increased incidence of sudden 
infant death syndrome (SIDS) (25) although this association 
has been debated (38). 
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Congenital anomalies associated with cocaine exposure 
have included skull defects (26), urogenital anomalies (39), 
urinary anomalies without genital defects (40), and congenital 
cardiovascular defects such as atrial septal defects, ventricular 
septal defects, cardiomegaly (20), transposition of the great 
vessels, hypoplastic right heart (26), and polydactyly (21). 
Many investigators have found no statistical increase in 
cocaine-induced congenital anomalies (28,30). 

Animal studies have been particularly helpful in exploring 
potential effects of prenatal cocaine use. Woods et al. were able 
to demonstrate dose-dependent cardiovascular effects in 
pregnant and fetal sheep following intravenous injection of 
cocaine (41). The authors suggest that cocaine given to the 
pregnant ewe may produce fetal hypoxemia via uterine artery 
vasoconstriction as well as direct fetal cardiovascular effects via 
transplacental passage of cocaine into the fetal circulation. 

Webster and Brown-Woodman administered cocaine to 
pregnant rats as single or multiple doses, during specified 
gestational periods, and examined the fetuses at various times 
for evidence of hemorrhage or malformation (42). They found 
no evidence of teratogenicity when cocaine was given during 
the main organogenic period, even at toxic maternal doses. 
However, when given at later specific gestational ages, cocaine 
exposure was associated with damage to fetal limbs and tail, 
and hemorrhage in the genital tubercle. In general, cocaine 
administration was followed by the occurrence of edema and 
hemorrhage at certain sites. When involved fetuses were 
reinspected at a later date, reduction anomalies were identified 
at these sites. It appears, then, that the malformations are a 
direct result of hemorrhage and edema, followed by necrosis, 
and subsequent disruption and/or amputation. The authors 
postulate that the fetal vasculature must attain a certain degree 
of maturation prior to being able to respond to hypoxia, 
thereby protecting developing tissues during organogenesis. 

Other investigators have been particularly interested in 
neurobehavioral effects of prenatal cocaine exposure. Spear 
et al. found that cocaine-exposed rat offspring had cognitive 
defects in some, but not all, conditioning situations (43). 
These authors have offered the suggestion, based on their work 
in the animal model, that chronic exposure to cocaine during 
gestation results in downregulation of dopaminergic systems, 
conferring later hyperactivity and attention deficit disorders. 
Fetal cocaine exposure during synaptogenesis, even at doses 
well below maternal toxicity, results in long-term changes in 
the neurochemistry of dopaminergic systems (44). The exact 
duration of those changes and the impact is still not fully 
understood. 


AMPHETAMINES 
Use of methamphetamine (MA) and its derivatives increased 
significantly in the 1990s. Approximately 10.4 million (4.3%) 
of the adult population in the United States reported at least 
one-time use (1). The Infant Development, Environment, and 
Lifestyle study reported a 5% use rate in pregnant women (45). 
MA, the most popular amphetamine, can be smoked, 
snorted, injected, orally ingested, or administered anally. 
Smoking and injection allow rapid uptake of the drug into 
the brain, and the user experiences a “rush” that lasts only a 
few minutes. Snorting and ingestion produce euphoria, 
which lasts longer. Amphetamines stimulate the release of 
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neurotransmitters and interfere with their reuptake at the 
nerve terminal (3,46). The catecholamine excess accounts 
for amphetamine’s peripheral alpha and beta actions and 
central nervous system (CNS) stimulant effects of vasocon- 
striction and bronchodilation, increased systolic and dia- 
stolic blood pressures, and an increased respiratory rate. An 
enhanced perception of environmental stimuli, mood 
elevation, and a decrease in hunger and fatigue are thought 
to result from amphetamine’s ability to stimulate the 
reticular activating system. High doses of amphetamines can 
cause hypertension, retinal damage, cardiac seizures, stroke, 
and death. Chronic use can lead to anxiety, insomnia, 
hallucinations, confusion, psychosis headache, pallor or 
flushing, palpitations, blood pressure instability, and cardiac 
arrhythmias (3). 

“Designer drugs,” synthetic analogs, and amphetamine 
derivatives, which share many of the effects of the parent 
drugs, are powerful psychostimulants with often unpredictable 
side effects. Illegal manufacturing of these derivative drugs 
may involve the inclusion of contaminants, which may pose 
further dangers. 

Most investigators who have studied antenatal ampheta- 
mine abuse have found polydrug abuse to be the norm (47,48). 
Because of the confounding effects of multiple drugs, the 
possibility of drug impurities, malnutrition, and psychosocial 
environments, it has been difficult to isolate adverse perinatal 
and pediatric effects attributable to amphetamine use during 
pregnancy. Amphetamines cross the placenta and directly 
affect the fetus. In sheep studies, MA was found to cross the 
placenta, with resulting fetal drug levels equilibrating with 
maternal levels within 20 minutes (49). 

Amphetamine use during pregnancy has inconsistently been 
associated with preterm delivery (47,48,50) and inconsistently 
associated with an increase in congenital heart defects and cleft 
lip (51). Findings of altered growth parameters including 
SGA (50), overall smaller birth weights and birth lengths, and 
smaller head circumferences (47) occur more consistently. 
Infant withdrawal symptoms have been reported (50). Because 
amphetamines directly affect the monoaminergic systems of 
the brain, it has been postulated that amphetamines are 
capable of causing long-term CNS changes to the developing 
fetus (46). In a prospective study of children who had been 
prenatally exposed to amphetamine, Eriksson et al. found the 
children to exhibit normal physical health parameters 
(including growth) and normal IQs, but they show a 
statistically significant increase in aggressive behavior, peer- 
related problems, and an increased risk of learning disabilities 
lasting into school ages (48). 


ALCOHOL 

Alcohol use in pregnancy may well be the largest preventable 
cause of birth defects and developmental disorders. Alcohol 
use is prevalent around the world; moderate use during 
pregnancy was accepted behavior until very recently. In the 
past, intravenous drips of alcohol were even prescribed as a 
tocolytic for preterm contractions. Controversy exists today on 
the topic of what constitutes a “safe” amount of alcohol in 
pregnancy. In 1981, the U.S. Surgeon General recommended 
that pregnant women “limit the amount of alcohol they 
drink.” This warning was updated in 2005 to the following: 
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“No amount of alcohol consumption can be considered safe 
during pregnancy. Alcohol can damage a fetus at any stage of 
pregnancy,” and “The cognitive deficits and behavioral 
problems resulting from prenatal alcohol exposure are life- 
long” (52). Despite warnings from the Surgeon General and 
massive public health campaigns, alcohol use during preg- 
nancy continues to be a common problem. More than 1 in 
5 pregnant women report alcohol use in the first trimester, 1 in 
14 consume alcohol in the second trimester, and 1 in 20 in the 
third trimester (53). One in 30 pregnant women report high- 
risk drinking, defined as seven or more drinks a week or five or 
more drinks on any one occasion. One in nine pregnant 
women binge-drink in the first 3 months of pregnancy; 8.8% 
of pregnant women aged 15 to 17 and 3.8% of pregnant 26- to 
44-year-olds report binge-drinking (54). Alcohol use in 
pregnancy is also found more frequently in women who are 
unmarried, over 30 years old, with a higher parity, and with 
co-use of tobacco and other substances (1,54). Alcohol use and 
abuse include every ethnic group, every socioeconomic strata, 
every age group. The most well-known screen for alcohol use 
is the CAGE (Cut-down, Annoyed, Guilty, Eye-opener) 
questionnaire (55), which has a sensitivity of 75% in women, 
but does not assess tolerance. The TWEAK (Tolerance, 
Worried, Eye-openers, Amnesia, Cut-down) scale, with an 
87% sensitivity in women, was developed as a screen for risk- 
drinking in pregnancy (56). 

Alcohol, a small molecule that is readily absorbed from the 
gastrointestinal tract and distributed throughout the body, is 
oxidized in the liver by the enzyme alcohol dehydrogenase (3) 
and metabolized to acetaldehyde, acetate, and then to acetyl 
coenzyme A. It is further oxidized via the citric acid cycle or is 
utilized in various anaerobic reactions. Metabolism of alcohol 
results in increased production of lactate and fatty acids. The 
consumption of excessive alcohol can result in hypertension, 
slurred speech, staggering gait, ketoacidosis, myopathy, hepa- 
tomegaly, pancreatitis, other upper gastrointestinal disorders, 
malabsorption and vitamin deficiencies, mood swings, memory 
lapses, blackouts, other neurobehavioral disorders, hematologic 
disorders, and cardiac dysfunction (3,57). Evaluation of 
complete blood count, red blood cell indices, liver function 
tests, and urine assessment for ketones is recommended. 

Ethanol readily crosses the placenta and can interfere with 
active transport of amino acids across the placenta (58). 
Acetaldehyde is also a mutagen and is also capable of altering 
placental transport of nutrients (57). 

Perinatal effects associated with alcohol consumption 
include an increased risk of spontaneous abortion (57), 
stillbirth (59), lower birth weight (60,61), and IUGR (62). 
Because alcohol use is associated with many comorbidities, it is 
difficult to interpret the data. For example, the occurrence of 
decreased birth weight is not always statistically significant 
when results are controlled for smoking (59). Also the IUGR 
infants are born to those classified as heavy drinkers as 
opposed to the occasional or moderate drinkers (58). Indeed, 
the evidence is inconsistent when low-to-moderate use of 
alcohol is considered. A review article revealed that small 
amounts of alcohol may have a paradoxically protective effect 
on outcomes such as stillbirth, IUGR, and birth weight (63). 
The amount and timing of drinking seem to be important too. 
Women with three or more binge episodes had an increased 
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risk of stillbirth, but there was no effect on fetal survival if 
alcohol intake is low (64). There is a statistically weak 
association with heavy alcohol use and fetal distress, placental 
abruption, and 5-minute Apgar scores of less than 6 (59). 
Antenatal testing may also be affected by alcohol as seen in a 
transient effect on fetal heart rate (FHR) reactivity (65). Fetal 
breathing may also be affected for up to 3 hours after alcohol 
ingestion, according to McLeod et al., but this change does not 
coincide with the changes in fetal movement or FHR (66). 

In 1968, Lemoine, a French pediatrician, published his 
observations of children whose mothers drank heavily (67). 
These children displayed characteristic craniofacial abnorm- 
alities, growth retardation, and delayed psychomotor matura- 
tion. In 1973, Jones and Smith coined the term “fetal alcohol 
syndrome” (FAS) (68). FAS is characterized by maternal 
exposure to alcohol, prenatal and/or postnatal growth 
retardation (weight, length, <10th percentile), CNS involve- 
ment (deficient brain growth, structural abnormalities, 
microcephaly, signs of neurologic abnormality, developmental 
delay, or intellectual delay), and characteristic facial dysmor- 
phology (microcephaly, microphthalmia and/or short palpeb- 
ral fissures, poorly developed philtrum, or flattening of the 
maxillary area). Neonatal features associated with heavy 
prenatal alcohol exposure include cardiac abnormalities, 
neonatal irritability and hypotonia, hyperactivity, genitour- 
inary abnormalities, skeletal and muscular abnormalities, 
ocular problems, or hemangiomas (57). 

Fetal effects from alcohol are now considered to fall within a 
larger diagnostic category of alcohol-related birth defects 
(ARBD). A minority of exposed children will qualify as having 
FAS; most will fall into the spectrum of disorders. Birth 
prevalence of FAS ranges from 0.2 to 2.0 per 1000 live births 
in the United States with a higher incidence in certain groups 
(e.g., up to 9 per 1000 live births found in certain Native 
American groups) (54). 

In a 10-year follow-up study of FAS infants in Germany, 
most children identified as having FAS had persistent features 
into adolescence (69). Growth deficiency and mental and 
developmental retardation persisted in patients with mild-to- 
moderate FAS. Children with FAS and ARBD display a large 
range of mental abilities in both IQ values and in the extent of 
developmental disability (69). In an Italian study, children 
diagnosed with FAS had deficiencies in nonverbal and abstract 
reasoning, language comprehension, and displayed greater 
levels of inattention and hyperactivity than their peers (70). 

Certain progenitor cells that give rise to craniofacial 
structures are especially vulnerable in the first trimester (71). 
According to Sulik et al., craniofacial malformations may be 
caused by abnormal development of the neural plate and its 
derivatives, suggesting that the time of critical exposure is at 
approximately the third week of human gestation (Fig. 1) (72). 
Mice studies of alcohol have shown that a single exposure of 
alcohol to the developing brain can cause neuroapoptosis. 
Prolonged high blood levels of alcohol can cause neuronal loss 
on a massive scale (71). The combination of alcohol and CBs 
appears to be especially toxic, with disseminated and severe 
neuronal degeneration after exposure to mildly toxic ethanol 
doses (73). Peak vulnerability in humans to ethanol-induced 
neuroapoptosis is in the last half of gestation, with effects 
lasting to several years after birth (71). 
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Figure 1 A and B Fetal alcohol syndrome in children. C and D Fourteen-day- 
old mouse fetuses from ethanol-treated and control mothers, respectively. 


OPIATES 

Opiates act by binding to various endogenous opioid 
receptors, activating euphorigenic effects. After opioid injec- 
tion, a user experiences warmth and flushing of the skin and 
sensations described as orgasmic (3,74). Physical dependence 
and tolerance can develop with regular use, leading the addict 
to increase doses to get the desired effects. 

Opioid overdose causes stupor, a decrease in body 
temperature, flaccid muscles, eventually coma, convulsions, 
and cardiorespiratory arrest (74). Opioid withdrawal, on the 
other hand, is marked by dilated pupils, irritability and 
restlessness, insomnia, anorexia, tachycardia, weakness, 
depression, nausea, vomiting, stomach and muscular 
cramps, muscle twitching, “gooseflesh,” chills, hypertension 
and tachycardia, tearing, rhinorrhea, and yawning. With- 
drawal, though distinctly uncomfortable, is usually not life- 
threatening (3). Opioid abuse in pregnancy has both direct 
and indirect effects on the fetus. There is a direct opiate 
effect due to the transplacental passage of opiates, while 
indirect effects are a result of related maternal malnutrition 
or infection, and other sequelae of polydrug abuse and high- 
risk behaviors. For example, heroin addicts have higher 
rates of infections, including sexually transmitted dis- 
eases (75,76); intravenous drug use increases the risk of 
contracting such diseases as HIV and hepatitis (76). Opiates 
readily cross the placenta and have been identified in 
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amniotic fluid, umbilical cord blood, neonatal urine, and 
meconium (76). 

In the pregnant abuser, withdrawal may be marked by 
uterine irritability and increased fetal activity, which may 
precede other maternal withdrawal symptoms. Perinatal risks 
of opiate abuse include spontaneous abortion, stillbirth (75), 
abruptio placentae (76), preterm birth (75,77), low birth 
weight (77-79), smaller head circumference (78,79), and low 
birth length (77-79), although birth lengths are similar when 
controlled for smoking and maternal weight gain, according to 
at least one author (78). At the ages of 12, 18, 24, and 36 
months, short stature was not more prevalent among the 
infants of opiate addicts (78,79). Likewise, infant weights at 12 
through 24 months of age did not differ from those of 
controls (79). Teratogenic effects following opiate abuse have 
not been reported (75,80). Dispute remains in regard to 
respiratory distress syndrome occurring less frequently in the 
opiate-addicted neonate (75). There is a reported increased 
risk of SIDS in infants prenatally exposed to opiates (81,82). 

As many as 90% of newborns of opiate addicts will 
demonstrate some degree of postnatal withdrawal (74). Signs 
and symptoms of neonatal heroin withdrawal, which typically 
appear 24 to 48 hours after birth, are hyperactivity, irritability, 
tremors, convulsions, persistent high-pitched crying, hyperto- 
nia alternating with periods of hypotonia, gastrointestinal 
dysfunction, respiratory distress, sneezing, sweating, tearing, 
mottling, and fever (74). Untreated infants with neonatal 
abstinence risk death from respiratory depression. 

Methadone maintenance has been the gold standard for 
treatment of pregnant opiate addict since the 1970s. 
Methadone is a synthetic mu receptor agonist that blocks 
the euphoric effects of heroin, decreases the cravings for 
heroin, and prevents the symptoms of withdrawal. Metha- 
done programs in pregnancy offer several advantages over no 
treatment. Methadone-maintained women have more pre- 
natal visits and less anemia than other drug abusers (80,83); 
and methadone can reduce the use of nonprescribed opiates 
and of related criminal behavior (84). Methadone also has 
the advantage of providing a more steady concentration of 
drug, the advantage of which is prevention of recurrent fetal 
withdrawals. 

Methadone for the treatment of opiate abuse is highly 
regulated: it must be administered at a specially licensed 
facility. Patients typically present weekly to get their medica- 
tion, which is usually in the range of 60 to 150 mg. (In 
pregnancy, the lowest dose possible to prevent withdrawal 
symptoms is recommended.) Methadone is usually taken 
orally and has a half-life of 24 to 36 hours. It has a long 
duration of action and extensive, nonspecific tissue binding. 
Peak plasma levels occur about 4 hours after the ingestion of a 
maintenance dose (74). Metabolism occurs primarily in the 
liver, and methadone is excreted in feces and urine (85). Both 
the placenta and the fetus can further metabolize metha- 
done (85). Neonatal withdrawal from methadone may be more 
severe than that from other opiates (83), may be pro- 
longed (80,83), and may not occur until 2 to 4 weeks after birth. 

It has been suggested by some investigators that fetal opiate 
withdrawal may be causally related to hypoxia and to 
meconium passage in utero. Substantiating this idea is 
the increased incidence of meconium-stained fluid during 
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labor (75). An increased likelihood of shortened gestation has 
been reported (75), though the clinical significance of 0.6 
weeks (77) is questionable. A decrease in frequency of fetal 
movements and FHR accelerations after methadone ingestion 
has been reported (86). In a retrospective study of 30 infants 
of drug-abusing mothers with birth weights less than 1500g 
(of which 15 were infants of methadone addicts), and matched 
drug-free controls, a lesser probability of intraventricular 
hemorrhage (IVH) was noted in infants having had prenatal 
opiate exposure as compared with infants of drug-free women 
with similar risk factors (87). This suggests that gestational 
opiate exposure may actually offer protection against IVH in 
these very small infants. In a study by Edelin et al., rates of 
occurrence of LBW (birth weights less than 2500g) were 
similar in the methadone group and the polydrug group 
(29.6% and 34% respectively), but they differed significantly 
from the rates in drug-free controls (16.7%) (83). This finding 
has been confirmed by others (80). 

Newborn infants of opiate addicts often exhibit neurobe- 
havioral abnormalities (79,88). It has been postulated that 
downregulation of opiate receptors in the fetus exposed 
prenatally to opiates is a likely mechanism of these 
neurobehavioral changes. Methadone-exposed infants are 
more likely than infants without opiate exposure to have 
affected motor behaviors at 1 day and at 1 month of age, 
demonstrating hypertonia, tremulousness, and jerky move- 
ments (88). These abnormalities may persist. At 1 year of age, 
fine motor coordination of methadone-exposed infants is 
significantly less than that of drug-free controls (80). As young 
children, those exposed to prenatal methadone may be 
hyperactive, with difficulty in fine motor coordination and 
with difficulties relating socially (88). 

Data from studies of methadone exposure in the rat tend to 
support clinical findings. Rat pups perinatally exposed to 
methadone demonstrate behavioral changes also in that they 
are abnormally slow to respond to hot-plate stimulation (89). 
Prenatal methadone exposure in the rat leads to down- 
regulation of opioid receptors in the cerebral cortex and 
hypothalamus and to a decrease in alpha-adrenergic receptors 
in the cerebral cortex (90). 

Buprenorphine is a partial mu-opioid agonist and kappa 
antagonist, which was approved for the treatment of 
nonpregnant, opioid-dependent adults in 2002. Buprenor- 
phine is labeled as an FDA pregnancy category C drug (91). 
Buprenorphine also crosses the placenta, but possibly to a 
lesser degree than does methadone (92). Data are limited on 
its use in detoxification and maintenance therapy in pregnant 
women, but it appears that buprenorphine may offer some 
advantages over methadone for prenatal opioid management. 
Buprenorphine, in contrast to methadone, can be prescribed 
by physicians who meet specific certification requirements, 
such as the completion of a training course, thereby 
potentially increasing access and treatment availability for 
the opiate dependent (91). Dosing of buprenorphine depends 
on the type of opioid used and the stage of treatment (91). No 
statistically significant differences in Apgar scores, in 
occurrence of neonatal abstinence (requiring treatment), or 
in the dose of morphine required to manage neonatal 
withdrawal, were apparent in a Cochrane review of available 
studies in which outcomes following buprenorphine therapy 
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were compared with outcomes in pregnancies involving 
methadone treatment (93). 


The care of the pregnant opioid abuser during labor can be 


quite complicated. Specific recommendations include con- 
tinuation of usual maintenance doses of methadone or 
buprenorphine in labor. (Methadone is used only to prevent 
withdrawal; it will not provide adequate analgesia.) Metha- 
done or other opiates (e.g., morphine) should be given when 
evidence of maternal withdrawal exists. Agonist—antagonist 
combinations should not be given, as they will provoke 
withdrawal. Similarly, naloxone should not be given to infants 
of opiate addicts in the delivery room, as it may provoke 
neonatal withdrawal. 
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4O Tobacco and alcohol use during pregnancy 


Beth A. Bailey and Robert J. Sokol 


INTRODUCTION 

Substance use, including the most common behaviors of 
smoking and drinking, is a major health issue for women, 
regardless of age and reproductive or pregnancy status. Health 
risks to women can be substantial, and during pregnancy, 
these risks are shared with the developing fetus. Even with the 
recognition of the adverse impact of these substances on 
maternal and fetal health, obstetric clinicians, many of us who 
might be said to have “surgical personalities,” often have 
difficulty dealing effectively with these “behavioral medicine” 
issues. Our goal in this concise chapter is to highlight 
the magnitude of the problems these substances pose during 
pregnancy and the adverse consequences of the use of these 
substances on the mother and the offspring, briefly noting 
some plausible mechanisms for effect. We then turn our 
attention to the practical issues of how to identify pregnant 
women who are smoking or consuming alcohol and how to 
help her make changes in her behavior to benefit both her own 
health and that of her unborn child. 


EPIDEMIOLOGY 
Cigarettes 
Nationally, approximately 11% to 13% of women report 
smoking throughout pregnancy (1,2). However, rates of 
pregnancy smoking vary considerably by region. For example, 
many Southern states have rates of pregnancy smoking near 
20% (2), with rural regions seeing rates from 30% to 40% (3-5). 
Smoking during pregnancy can occur in any subpopulation; 
however, certain women are statistically more likely to smoke 
while pregnant. Research has revealed that white women are 
significantly more likely to smoke during pregnancy than their 
African-American or Hispanic counterparts (1,6). Addition- 
ally, women who live in poverty, who have lower levels of 
education, and who receive Medicaid are more likely to be 
pregnancy smokers than other women (6-8). 


Alcohol 

Each year in the United States, approximately half a million 
pregnant women are thought to drink alcohol (9). This 
translates into a prevalence rate of nearly 13% and is 
consistent with the more than 10% of pregnant women who 
reported current alcohol use as part of the 2002 Behavioral 
Risk Factor Surveillance Survey (10) and the 15% to 20% 
identified in a large-scale study conducted more than 15 years 
ago (11). While estimates vary, anywhere from 2% to 6% of 
women engage in heavy, frequent, or binge-drinking while 
pregnant (9,10,12). 

Drinking during pregnancy occurs across diverse pop- 
ulations and sociodemographic conditions. However, 
certain racial groups see higher rates of pregnancy drinking, 
including African-Americans and American Indians/Alaskan 


Natives (13). Additionally, women over the age of 30, those 
who are unmarried, and those who have lower incomes are 
also at a statistically increased risk of pregnancy alcohol 
consumption (14). Finally, smoking and drinking often go 
hand in hand during pregnancy. Women who smoke more 
than half a pack of cigarettes per day during pregnancy are 
more than twice as likely as nonsmokers to consume alcohol 
(38% vs. 17%) (14). 


ETIOLOGY AND PATHOPHYSIOLOGY 

Cigarettes 

A significant amount of evidence has accumulated document- 
ing the deleterious effects of pregnancy smoking. The potential 
short- and long-term effects for the mother have been well 
reported and include significantly increased risk of respiratory, 
cardiovascular, and cancer-related diseases. The potential for 
harmful fetal effects is also profound. Tobacco use in 
pregnancy is associated with significantly increased rates of 
pregnancy complications and adverse birth outcomes (15). 
Ectopic pregnancy, placenta previa and abruption, stillbirth, 
premature rupture of membranes, and intrauterine growth 
restriction have all been associated with gestational exposure 
to cigarettes (16-19). For a smoke-exposed fetus that survives 
to delivery, the increased likelihood of low birth weight and 
preterm birth is substantial, with risk increasing with the 
number of cigarettes smoked per day (6,20). Nationally, 
smoking accounts for 20% to 30% of all low birth weight 
births (20), and research indicates that infants born to women 
who smoke are 200 to 300g lighter than those born to 
nonsmokers (4,21). Smoking in pregnancy also nearly doubles 
the risk of preterm birth (22,23), producing a significant 
economic cost through neonatal intensive care unit (NICU) 
admission and treatment. Indeed, babies born to smokers are 
twice as likely to be admitted to the NICU as those born to 
nonsmokers (4). Smoke-exposed newborns have an increased 
risk for respiratory dysfunction, intraventricular hemorrhage, 
necrotizing enterocolitis, and retinopathy (15). Finally, an 
increased likelihood of infant mortality is associated with 
heavy pregnancy smoking, with exposure accounting for 5% of 
perinatal deaths (24). 

Prenatal exposure to cigarettes has also been shown to 
have long-term developmental consequences. Physical 
health effects well into childhood include growth restric- 
tion, abnormal neuromotor tone, increases in respiratory 
infections, asthma, otitis media, and obesity (25-30). 
Long-term effects on cognitive development, including 
learning problems and delayed academic achievement, 
have also been reported (31-33). Finally, prenatal exposure 
to cigarettes has been implicated in significantly increased 
rates of behavioral and mental health problems, including 
attention deficit hyperactivity disorder, conduct disorders, 
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depressive and anxiety disorders, criminal behavior, and 
substance use, abuse, and dependence (34—44). 

While not yet completely understood, the mechanisms by 
which maternal smoking leads to fetal harm and longer term 
developmental problems have been explored in both animal 
and human models. The most often cited compounds in 
cigarettes known to cause harm to the fetus are nicotine, 
carbon monoxide, and cyanide. Cyanide has been shown, in 
multiple studies, to be harmful to rapidly dividing cells (45). 
Carbon monoxide combines with hemoglobin to produce 
carboxyhemoglobin thus lowering blood oxygen tension and 
likely contributing to fetal hypoxia (46). In addition, nicotine 
and carbon monoxide both reduce placental blood flow, 
impacting fetal growth. A recent study suggested that maternal 
smoking leads to decreased concentrations of fetal insulin, 
insulin-like growth factor (IGF), and IGF binding protein, 
which all may be involved in the pathway by which prenatal 
cigarette exposure impacts development (47). Thus, both 
hypoxia and chemicals responsible for growth may be 
responsible for cell death, structural alterations, and con- 
sequent delayed development when prenatal cigarette expo- 
sure occurs. Still other studies have focused on the potential 
impact of nicotine on the developing nervous and neuro- 
chemical systems (48). Fetal exposure to smoking, and 
nicotine in particular, has been proposed to impact serotonin 
uptake, changes in dopaminergic systems, and changes in 
DNA and RNA synthesis in the brain during critical 
developmental periods (49,50). Any one of these poten- 
tial pathways could impact both structural and func- 
tional development, leading to the negative outcomes that 
have been observed in children exposed to smoking during 
gestation (51). However, further study is needed. 


Alcohol 
It has been four decades since the characteristics of children 
born to women who consumed alcohol during pregnancy were 
described in the medical literature (52). The term “fetal alcohol 
syndrome” (FAS) describes children with prenatal alcohol 
exposure and resultant growth restriction, central nervous 
system/neurodevelopmental delays, and facial malformations. 
In addition to typical or classic FAS, terms such as “alcohol- 
related neurodevelopmental disorder” and “fetal alcohol 
spectrum disorder” characterize a range of problems associated 
with prenatal alcohol exposure (53). Research has clearly 
documented the adverse outcomes associated with alcohol 
exposure during gestation. Full FAS is characterized by 
prenatal and postnatal growth deficiency, including reduced 
overall height and microcephaly, and being born small for 
gestational age with little catch-up seen into childhood; specific 
facial dysmorphology including long smooth philtrum, thin 
upper lip, midfacial hypoplasia, small eyes, and inner epicanthal 
folds; and central nervous system and neurodevelopmental 
abnormalities including decreased cognitive abilities (52,53). 
Even in the absence of diagnosable FAS, alcohol consumption 
during pregnancy increases the risk of poor outcomes in children. 
Prenatal alcohol consumption is a strong predictor of low birth 
weight. Early studies clearly identified a link between even 
moderate consumption and low birth weight (54), and recent 
large-scale studies have reported strong associations between 
exposure and birth weight (55). Consuming one or more drinks 
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per day was associated with a fivefold increase in the likelihood of 
a low-birth weight delivery (56), while three or more drinks per 
week were associated with a nearly 150-g reduction in birth 
weight (57). Recent evidence suggests that some of the lowered 
birth weight associated with pregnancy alcohol consumption is 
accounted for by an increased risk of preterm birth. One or more 
drinks per day have been found to more than double the risk of 
preterm birth (56). Even lesser levels of consumption have been 
linked to 10-fold or more increases in the risk of extreme preterm 
birth (prior to 32 weeks of gestation) (58). Mild prematurity was 
also linked to pregnancy alcohol consumption, particularly in 
women over the age of 30 (58). 

The link between prenatal alcohol exposure and low birth 
weight and preterm birth is of significant consequence as these 
are leading causes of neonatal morbidity and mortality in the 
United States and the strongest biologic predictors of 
immediate and long-term developmental outcomes (59). In 
addition to the pathway through birth weight and gestational 
age, gestational alcohol exposure, even in the absence of full 
FAS, appears to independently impact a multitude of out- 
comes into childhood. Continued growth restriction, delays in 
gross and fine motor development, and impairments in visual 
motor integration have all been reported (30,60-62). 
Decreases in overall cognitive performance and general 
intelligence quotient scores have been associated with even 
moderate levels of prenatal alcohol exposure (63), in addition 
to specific deficits including slowed mental processing (64), 
delayed language and reading abilities (65,66), and increased 
learning problems (63). Studies have shown that children with 
prenatal alcohol exposure have problems with organizing and 
maintaining attention, and with impulsivity (67). Behavioral 
problems, including hyperactivity and delinquent behavior, 
have also been reported (68,69). Finally, long-term studies 
have described associations between prenatal alcohol exposure 
and many specific psychiatric disorders (70). 

The mechanism by which prenatal exposure to alcohol leads 
to adverse pregnancy, newborn, and longer term developmental 
outcomes is not yet thoroughly understood. As has been 
recently reviewed, neuroimaging studies have shown overall and 
region-specific surface area and volumetric reductions, struc- 
tural alterations, and white and gray matter density abnorm- 
alities (71). These alterations could all be involved in the 
physical and neurobehavioral effects of exposure. In addition, 
both animal and human studies have suggested that exposure to 
alcohol during gestation may cause hypothalamic—pituitary— 
adrenal (HPA) axis hyperactivity, thereby leading to signi- 
ficant adverse cognitive and behavioral outcomes (72). 
Furthermore, animal models have shown alcohol intake to 
decrease blood flow to the placenta, impacting cell growth 
and death (73). Finally, alcohol consumption increases the 
production of prostaglandins during pregnancy (74), result- 
ing in decreased cell division (75). Any one, or a combination 
of these processes, could explain the mechanism by which 
prenatal alcohol exposure impacts development and out- 
comes, but further study is clearly needed. 


DIAGNOSIS 

Cigarettes 

In a 2000 bulletin (updated in 2005), the American College of 
Obstetricians and Gynecologists (ACOG) recommended 
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screening all pregnant women for smoking (76). Recent 
reports suggest that prenatal care providers vary widely in rates 
of screening all pregnant patients for smoking. For example, 
one study found that 98% of Ohio obstetricians reported 
asking all patients about smoking (77), while another study 
found that only 28% of obstetricians in rural southern 
Appalachia reported always asking (78). Reasons providers 
have given for failure to screen for pregnancy smoking have 
included lack of time, other issues taking priority, lack of 
confidence in skills, lack of referral sources, and beliefs that 
attempts to intervene will not be successful (77,78). 

The most common method of determining smoking status 
during pregnancy has been via self-report, either by oral or 
written questioning. Self-report data have the advantage of 
being inexpensive and easy to collect, with responses 
immediately available (79), and a handful of studies involving 
pregnant women have suggested that self-reported smoking 
status is accurate (80,81). Others have suggested, however, that 
self-report of smoking status during pregnancy is unreliable 
and results in significant misclassification and underestima- 
tion of prevalence rates (82). An examination of the numerous 
studies that have investigated the association between self- 
report of pregnancy smoking status and biochemical verifica- 
tion has revealed false denial or deception rates as low as 1% 
and as high as 35%. A recent review of this literature 
concluded that measuring smoking status during pregnancy by 
self-report alone significantly underestimates smoking rates 
and misclassifies a significant proportion of women (79). 

Several factors likely contribute to inaccuracies in self- 
report of smoking status during pregnancy, including faulty 
recall and intentional deception (79). As greater attention is 
given to the health effects of smoking, both in general and 
during pregnancy, and as efforts to regulate and reduce 
smoking increase, smoking becomes stigmatized and 
individuals are sensitized to socially desirable forms of 
behavior (83). As this occurs, it is likely that concealment of 
smoking during pregnancy in particular may increase (84). 
Multiple studies have shown that many factors may help 
reduce false denial of smoking among pregnant women, 
including appropriate wording, timing, and setting of inquiries 
of smoking status (85,86). For example, we know that the use 
of a structured multiple choice format in a private confidential 
setting may increase disclosure (87). Indeed, studies 
have shown that use of a five-response choice question 
(Box 1) increases disclosure over asking “Do you smoke?” by 
40% (87). 

Given the drawbacks of self-report, determination of 
pregnancy smoking status in both clinical and research 
settings often relies on biochemical assessment. Cotinine, a 
major metabolite of nicotine, is a commonly used biomarker 
of exposure to tobacco smoke, and cotinine levels in saliva, 
blood, and urine are often considered the best measure of 
nicotine consumption (88). Compared with self-report, 
cotinine levels have been shown to be more accurate 
indicators of smoking (79) and to be better predictors of 
pregnancy outcomes (89). Biochemical assessment of 
smoking behavior is not without limitations, however (83). 
In addition to the factors of cost and inconvenience, 
acceptance of appropriately sensitive and specific cutoff 
points is far from universal. Varying cotinine cutoff levels 
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Box 1 Pregnancy Smoking Screening Question 


Please choose the response that best describes your smoking 
(A) I have never smoked or I have smoked fewer than 100 
cigarettes in my lifetime 
(B) I stopped smoking before I found out I was pregnant, 
and I am not smoking now 
(C) I stopped smoking after I found out I was pregnant, 
and I am not smoking now 
(D) I smoke some now, but I cut down on the number of 
cigarettes I smoke since I found out I was pregnant 
(E) I smoke regularly now, about the same as before 
I found out I was pregnant 
If the patient responds A, no further follow-up is needed 
If the patient responds B or C, reinforce her decision to quit, 
congratulate her on the success of quitting, and encourage 
her to remain smoke free 
If the patient responds D or E, she should be classified as a 
smoker. Document and intervene 


Source: From Ref. 87. 


have been proposed to distinguish smokers from nonsmo- 
kers and from those exposed to environmental tobacco 
smoke (ETS) (90-92). Given varying cut-point recommen- 
dations, the use of biochemical assessment may not ever be 
completely accurate in distinguishing those who smoke, 
especially intermittently, from those who are only exposed to 
ETS (93). Thus, using both self-report and biochemical 
assessment is likely to yield the most accurate information 
about pregnancy smoking status. 


Alcohol 

For many years, ACOG has consistently advised clinicians to 
question all pregnant women at their first prenatal visit 
about current and past alcohol use (94). A recent survey of 
more than 600 practicing ACOG members revealed that over 
90% asked all women at their first prenatal visit about 
alcohol use (95). Barriers noted by those who failed to 
routinely screen prenatal patients for alcohol use included 
time limitations, patient sensitivity, lack of confidence in 
skills, and inadequate referral sources. 

Even when providers do assess pregnancy alcohol con- 
sumption, detection is complicated by many of the same 
factors that impact the determination of smoking status. 
Pregnancy alcohol consumption has also become increas- 
ingly stigmatized as public awareness of the dangers has 
increased, leading to the potential for high rates of denial via 
self-report (96). In addition, and unlike biochemical assess- 
ment of smoking status, no reliable biologic marker is 
available to reveal alcohol use. Although analysis of both 
meconium and hair samples for fatty acid ethyl esters has 
been proposed, neither would practically detect alcohol use 
during pregnancy, and no large population-based studies 
have validated these methods (97). Similarly, other biochem- 
ical markers, such as ethanol metabolites, that reveal only 
very recent use have not yet been well validated or have not 
been shown to have adequate diagnostic sensitivity and/or 
specificity in identifying drinking in pregnant women (98). 
Thus, most researchers and physicians rely on self-report of 
maternal alcohol use during pregnancy (53). 
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Box 2 T-ACE Screening Tool for Pregnancy Risk Drinking* 


Tolerance 

“How many drinks does it take to make you feel high?” 

A positive answer, scored a 2, is more than two cans of beer, 
two glasses of wine, or two mixed drinks. This suggests 
tolerance of alcohol and very likely a history of at least 
moderate-to-heavy alcohol intake 

Annoyed 

“Have people annoyed you by criticizing your drinking?” 

Cut Down 

“Have you felt you ought to cut down on your drinking?” 

Eye-Opener 

“Have you ever had a drink first thing in the morning to 
steady your nerves or get rid of a hangover?” 


“The first question is scored 0 or 2 points. The last three questions are 
scored 1 point if answered affirmatively. A total score of 2 or more is 
considered positive for risk drinking. Source: From Ref. 100. 


Studies indicate that obstetricians often obtain inaccurate 
alcohol consumption information from their patients. 
For example, in a prospective study that included high-risk 
women, almost twice as many admitted to drinking during a 
research interview compared with indications from maternal 
medical records (99). While tools are available to assist prenatal 
care providers in accurately identifying women who consume 
alcohol during pregnancy, a recent study revealed that fewer 
than one quarter who screen for pregnancy alcohol consump- 
tion use a standardized screening tool (95). The T-ACE, a 
modification of a traditional alcohol screening test, the CAGE, 
but specifically adapted for use before and during pregnancy, 
consists of four questions that may be asked as part of the 
medical history by physicians or office personnel (Box 2) (100). 
It typically identifies 90% or more of potential pregnancy 
risk drinkers, and follow-up questions can rule out false 
positives (101). The CAGE, also a four-item scale commonly 
used in obstetric practices, was developed for and validated 
with men and has not been shown to be valid with pregnant 
women (100). The TWEAK, a five-item scale, was developed 
for and validated with pregnant women (102). However, this 
tool appears to have lower sensitivity for detection of drinking 
among minority women and has no additional validity over the 
T-ACE. The AUDIT-C is a three-item scale to screen for 
alcohol use during pregnancy, rather than consequences of use 
as queried in the previously described screens. While this tool 
includes assessment of quantity and pattern of alcohol use, and 
initial data suggest good sensitivity across different samples, 
additional validation of the AUDIT-C is needed. Consequently, 
ACOG and the National Institute on Alcohol Abuse and 
Alcoholism have both recommended the T-ACE as the best 
tool for screening all reproductive-aged women and pregnant 
women specifically for alcohol use. 


MANAGEMENT 

Cigarettes 

Addressing cigarette exposure with pregnant smokers should 
be a top priority for all prenatal care providers, as research has 
shown that when women quit smoking during pregnancy, the 
risk of adverse outcomes is nearly reduced to levels 
experienced by nonsmokers (103). Furthermore, growing 
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Box 3 The 5 A’s Intervention for Pregnant Smokers 


Ask 

Tobacco status is queried with a multiple-choice question 
format and answers are documented in the patient chart 

Advise 

Urge all tobacco users to quit in a clear, strong, personalized 
manner. Discuss the benefits of quitting including the 
potential harms of smoking to the fetus and the long-term 
health consequences of the mother. Provide pregnancy- 
specific educational materials 

Assess 

Determine the patient’s willingness to quit in the next 30 
days and encourage the patient to minimize exposure to 
secondhand smoke. If the patient declines smoking 
cessation or is ambivalent, work to increase the patient’s 
motivation to quit 

Assist 

Provide aid for the patient to quit. Set a quit date. Provide 
counseling with skills building, pregnancy-specific self- 
help and smoking cessation materials, and social support. 
Develop a contract to quit smoking. Encourage a patient 
diary to record successes, problems, and triggers. Discuss 
alternate behaviors, potential problem situations, and 
how to handle slipups 

Arrange 

Provide follow-up contact, either in person or by telephone 
soon after the quit date, and further follow-up encounters 
as needed. Congratulate success during each visit. Review 
circumstances if relapse occurred and use it as a learning 
experience for the patient. Consider referral or more 
intensive treatment. Begin postpartum relapse prevention 
counseling late in pregnancy 

Source: From Ref. 108. 


evidence suggests that clinically proven interventions can lead 
to significant successes in smoking cessation (104). Increas- 
ingly, obstetric providers are implementing brief interventions 
(BIs)—low-cost, time-efficient, and effective self-help treat- 
ments involving counseling—with their prenatal smokers. The 
five A’s BI method of smoking cessation counseling (ask, 
advise, assess, assist, and arrange), which can be administered 
in as few as 3 minutes, is considered best practice and has been 
adapted for use during pregnancy (Box 3) (105). Most 
physicians have found this model effective and easy to use in 
the course of a regular prenatal visit. 

When properly implemented, the five A’s method results in 
cessation rates up to four times higher than the rates for those 
who attempt to quit on their own (106), and 70% higher than 
traditional physician advice (105). To date, nearly 100 
published studies have detailed the effectiveness of various 
office-based smoking cessation interventions for pregnant 
women. A 2008 Cochrane Review of clinical trials showed a 
significant reduction in pregnancy smoking intervention 
groups compared with controls (107). The most effective 
interventions were those based on or similar to the five A’s, 
with these “low-intensity” interventions just as effective as 
those of higher intensity (i.e. longer and more frequent 
sessions conducted by counseling professionals encompassing 
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Box 4 Brief Intervention for Reducing Alcohol Use During 
Pregnancy—FRAMES Approach 


F: Feedback of personal risk. Compare the patient’s level and 
drinking patterns with pregnancy-recommended absti- 
nence. The patient may not be aware that what she 
considers normal activity is actually risky 

R: Responsibility for personal control. Stress to the patient 

that it is her responsibility to make the change for the 
health of her baby 

A: Advice to change. Give direct advice (not insistence) to 

the patient to change her drinking behavior 

M: Menu of ways to reduce/stop drinking. Identify when the 

patient is likely to drink and solicit alternate ways that 
she might handle these situations 

E: Empathy. Use a style of interaction that is understanding 
and involved. Remain positive and encouraging and 
avoid being judgmental and preachy 

S: Self-efficacy. Elicit and reinforce self-motivating state- 

ments such as “I am confident that I can stop drinking.” 
Encourage the patient to develop strategies, implement 
them, and commit to change 


Source: From Ref. 111. 


multiple types of efforts). In a 2005 bulletin, ACOG 
established the five A’s as a standard component of prenatal 
care for all smokers (108). And in a 2009, the U.S. Preventive 
Services Task Force reaffirmed that the net benefit of using a 
five A’s office-based intervention with pregnant smokers is 
substantial (109). 


Alcohol 

Once a prenatal patient had been identified as consuming 
alcohol, the management options available to the provider 
will depend upon training, expertise, and available resources. 
For women who drink but are not alcohol dependent, an in- 
office BI may be all that is needed to reduce the risk of an 
alcohol-exposed pregnancy. For alcohol-dependent women, 
a BI, coupled with referral to specialized treatment programs, 
is recommended (110). BIs, including the structured five A’s 
approach described above for use with smokers, can be 
delivered by health professionals who are not specialists in 
the treatment of substance use and dependence. Increasing 
numbers of physicians have obtained continuing education 
training in motivational interviewing for use with pregnant 
women who consume alcohol. Motivational interviewing, a 
type of BI, helps empower the patient to make lifestyle 
changes while minimizing resistance (111). Using this 
approach with pregnant alcohol users specifically, the 
physician can illustrate the importance of abstinence or 
decreased alcohol intake and the avoidance of binge- 
drinking, and offer encouragement and optimism about 
change (112). The most successful interventions follow the 
FRAMES approach (Box 4). 

Research has suggested that women, even those identified as 
heavy drinkers, respond to motivational interviewing 
(113,114). In a multicenter randomized controlled trial to 
reduce the risk for alcohol-exposed pregnancies, 830 at-risk 
women received educational information plus motivational 
interviewing or information alone (115). The intervention 
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consisted of four counseling sessions and one contraceptive 
consultation. The intervention group had a 70% decrease in 
risk for alcohol-exposed pregnancies, more than twice the risk 
reduction for the information-only group at 3-, 6-, and 
9-month follow-up (ORs 2.3, 2.2, and 2.1, respectively). In 
another randomized controlled trial involving only pregnant 
women, 255 patients who reported alcohol consumption were 
recruited from a community-based setting and randomly 
assigned to receive intervention or assessment only (116). The 
intervention consisted of multiple BI sessions with a nutri- 
tionist that included education and feedback, cognitive 
behavioral procedures, goal setting, and contracting. Com- 
pared with women in the control group, women who received 
the intervention were five times more likely to report 
abstinence by the end of the pregnancy. In addition, their 
newborns had significantly higher birth weights and lengths, 
and a three times lower fetal mortality rate. In another study, a 
BI administered by nurses and physicians during a prenatal 
care visit was evaluated with 300 alcohol-consuming 
women (117). The BI in this study was a single session, 
averaging 25minutes, which included knowledge assessment 
with feedback, goal setting and contracting, behavioral mod- 
ification, and tips for handling difficult situations. Although 
pregnancy alcohol consumption decreased for both those who 
received the intervention and those who received only an 
assessment, those who received the BI had the most significant 
decrease. In addition, the greatest decreases were seen among 
women with the highest initial consumption and those whose 
partners also participated in the BI. Still other studies have shown 
that follow-up is critical, as a series of BIs is generally more 
effective than a single suggestion to stop drinking (118). 


CONCLUSIONS 

As many as 20% of pregnancies are complicated by smoking 
and/or alcohol consumption. Exposure to either substance 
significantly increases the risk of poor pregnancy outcomes 
including low birth weight and preterm birth. Prenatal smoke 
exposure in particular is implicated in substantial health 
problems early in life, while both smoke and alcohol exposure 
can lead to long-term growth delays and cognitive and 
behavioral problems. While biochemical assessment can be 
used to identify women who smoke during pregnancy, no 
reliable biomarker for alcohol consumption is yet clinically 
applicable. Self-report of smoking and alcohol use is typically 
relied upon in clinical settings, and reliable and well-validated 
tools are available and recommended for use with all prenatal 
patients. Once women who smoke or drink during pregnancy 
are identified, brief proven interventions can aid the busy 
clinician in working with patients to reduce or eliminate these 
pregnancy risk behaviors. 
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Raul Artal 


The epidemic of obesity that began in 1980 continues to 
proliferate. The sedentary lifestyle and gestational weight gain 
of many pregnant women has become a major contributor to 
the obesity epidemics. Lifestyle factors play a significant role 
particularly during pregnancy when pregnant women gain 
additional weight over prepregnancy weight. The health- 
related benefits of exercise are well documented in the general 
population (1—4). Although exercise is being promoted to the 
general population, health providers are still reluctant to 
prescribe lifestyle programs to pregnant women. However, 
pregnancy is a unique period in a woman’s and her family’s 
life; health awareness increases and women are particularly 
inclined to accept lifestyle modifications of judicious diets and 
exercise. During their pregnancies, even previously sedentary 
women may seek to modify their lifestyle and initiate exercise 
activities. The potential health benefits, safety, and feasibility of 
different amounts and intensities of physical activity in 
pregnancy have been endorsed by several organizations. In 
2002, the American College of Obstetricians and Gynecologists 
(ACOG) published recommendations and guidelines for 
exercise during pregnancies, which have been recently 
reaffirmed (5,6); the guidelines mirror those issued to the 
general population by the Centers for Disease Control and 
Prevention. The American College for Sports Medicine (7) and 
the Society of Obstetricians and Gynecologists of Canada (8) 
have each published guidelines similar to the ACOG guide- 
lines. Data obtained in 2000 indicate that 15.8% of pregnant 
women meet minimum physical activity recommendations 
and indications are that it has not changed (9). Studies and 
reviews evaluating the effects of physical activity on pregnancy 
outcome have identified certain beneficial trends and very few 
complications (9-11). Physically active pregnant women 
benefit by engaging in physical activities: among the benefits, 
they have less macrosomic babies and caesarian sections and 
develop significantly less gestational diabetes. For patients who 
require insulin, insulin requirements decrease significantly and 
frequently could be replaced to a diet and exercise regimen 
alone. Dissemination of such information could only lead to 
safe conduct of an active lifestyle. 

It has been recognized that lifestyle modification in 
pregnancy can result in persistent habits that could influence 
close family and offspring; this has important public health 
implications, particularly since exercise has been recognized as 
an effective adjunctive to management of diabetes in 
pregnancy and postpartum. 

Health-care providers should familiarize themselves with 
the general principals of exercise prescription and be 
cognizant of the physiologic changes associated with preg- 
nancy and potential maternal and fetal risks (6,12). Exercise 
guidelines for healthy pregnant women do not differ 
significantly from those to the general population; however, 


pregnancy is associated with significant physiologic alterations 
that could affect both mother and fetus. These alterations are 
in response to the increased metabolic demands for both 
mother and fetus. 


BIOMECHANICAL AND ANATOMICAL 
CONSIDERATIONS FOR EXERCISE GUIDELINES 

IN PREGNANCY 

Several changes in pregnancy affect the biomechanics of 
movement. Under the influence of estrogen, progesterone, and 
elastin, there is a generalized connective tissue relaxation 
leading to ligamentous laxity and joint instability. The increase 
in weight gain increases the load on the musculoskeletal 
system, producing higher reaction forces. Additional strain on 
the musculoskeletal system comes from the continuous change 
in the body center of mass or point of gravity. The immediate 
consequence is a combination of progressive lordosis and a 
limiting in the range of hip joint motion (13). The change in 
the point of gravity will require greater muscular effort with 
certain movements, for example, raising from squatting or 
sitting positions. One way to reduce the muscular effort of the 
lower extremity muscles is to utilize the upper extremity 
muscles when rising from the above-mentioned positions. The 
progressive lordosis in pregnancy frequently results in lower 
back pain. The above limitation could frequently result in 
lower back pain. This limitation could be prevented or reduced 
by improved muscular strength, preferably prior to pregnancy. 
Most significant, as it relates to exercise guidelines and 
prescription, is that the biomechanical changes of pregnancy 
could create balance problems and orthopedic injuries. In 
addition to back and hip pain, common orthopedic injuries in 
pregnancy are a consequence of accumulation of interstitial 
fluid that could result in nerve compression syndromes such as 
carpal tunnel syndrome. 


CARDIOVASCULAR RESPONSES TO EXERCISE 

IN PREGNANCY 

The major hemodynamic response to exercise is redistribution 
of blood flow away from the visceral organs and toward the 
working muscles. During exercise, the cardiac output to the 
brain and heart remains unchanged, while the uterine blood 
flow is significantly restricted depending on the intensity of the 
exercise. 

Pregnancy is characterized by a significant increase in blood 
volume, compensated in part by increased venous capacitance 
and reduced peripheral vascular resistance (16). Early in 
pregnancy, the cardiac output increases in excess of the 
increment in uterine blood flow. Cardiac output reaches 
maximum values by midpregnancy and becomes highly 
variable in the third trimester. Increases in heart rate, stroke 
volume, and cardiac output are observed not only at rest but 
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also during submaximal exercise until the third trimester of 
pregnancy (17). 

During cycle ergometry in pregnancy, different kinetic 
adjustments to the increased maternal mass have been 
demonstrated (18,19). The relative increases in cardiac output 
and stroke volume during exercise are similar in pregnant and 
nonpregnant subjects. 

However, during strenuous exercise, the cardiac output 
response appears to be blunted in pregnancy, a possible 
reflection of impaired cardiac mechanical functions (20). 
These findings are significant from the clinical point of view as 
the preferential redistribution of blood flow during strenuous 
exercise does not meet the expected requirements, limiting 
physical performance. Anecdotal observations indicate that 
such responses may differ and some elite athletes are capable 
of overcoming such limitations. At lower exercise intensity, the 
increase in cardiac output is primarily due to higher heart 
rates, whereas at higher exercise intensities the contribution is 
primarily due to increased stroke volume. Hemodynamic 
changes during rest or exercise in the upright position in 
pregnancy are influenced significantly by the venous return. 
Venous return can be significantly impaired in the supine 
position in pregnancy, even at rest, and can cause symptomatic 
reduction in cardiac output in about 5% or more of pregnant 
women (21). 

In one invasive study conducted in pregnant women, 
uterine blood flow during mild cycle exercise was reduced by 
25% in healthy women, during their third trimester of 
pregnancy (22). A further progressive reduction in blood flow 
and cardiac output occurs as the intensity of exercise increases. 
Confirmation for such hemodynamic changes can be found in 
studies conducted in nonpregnant adults (23). It is plausible 
that most of the hemodynamic responses to exercise in 
pregnancy are a reflection of the hemodynamic changes of 
pregnancy combined with progressive detraining. 

Health benefits could be derived from mild to moderate 
exercise routines at an intensity of training of 12 to 14 on the 
20-point Borg Scale of Rating of Perceived Exertion (RPE). 
The RPE scale was first introduced by Borg (24). An RPE of 12 
to 14 will correspond to a physical activity that will be 
perceived “somewhat hard” at the most by the exercising 
subject and could be more easily monitored than target heart 
rates. 


PULMONARY RESPONSES TO EXERCISE IN 
PREGNANCY 

Significant changes in pulmonary functions parallel the 
other anatomical and physiologic changes of pregnancy. 
The increase in inspiratory capacity of 300mL (inspiratory 
volume + tidal volume) is paralleled by an increased chest 
circumference and an increase in the resting oxygen 
consumption by 10% to 20%. The physiologic purpose of 
the pregnancy state of hyperventilation appears to be aimed at 
reducing the pCO, and maintaining pH at 7.44. The increases 
in tidal volume result in an increase in ventilation, which is 
the cause of a common subjective feeling of dyspnea. The 
resulting mild maternal alkalosis facilitates placental gas 
exchange and prevents fetal acidosis (25). Many conditions 
such as strenuous exercise may alter these interactions and 
affect fetal oxygenation. 
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Comparison of pulmonary responses during mild, moder- 
ate, and VO, max exercise (Fig. 1) indicates that only a modest 
increase in VO, max is achieved in pregnancy (26). This 
limitation appears to be primarily related to the progressive 
increase in weight. It does appear that both pregnancy and 
exercise increase the respiratory demands in the presence of 
reduced maternal ventilatory reserve. Ventilatory responses 
and aerobic conditioning have been studied in longitudinal 
studies in pregnancy, and it appears that during submaximal 
exercise, the differences are reflected predominantly in a 
significant increase in tidal volume during exercise in 
pregnancy (26). 

Another study (27) found that in recreational athletes who 
maintain a moderate to high level of exercise performance 
during and after pregnancy, pregnancy is followed by a small 
increase in VO, max. 


FUEL UTILIZATION DURING EXERCISE 

IN PREGNANCY 

The combined needs of pregnancy and exercise evoke complex 
hormonal interactions. Stress hormones play an essential role 
in this process and notably release of catecholamines, 
glucagon, and cortisol increases while insulin secretion is 
suppressed (Figs. 2,3) (28,29). Changes in fuel metabolism are 
modulated to satisfy the requirements of pregnancy (Figs. 2,3). 
The heavier the workload, the higher the sympathoadrenal 
activity. Catecholamines promote both glycogenolysis and 
lipolysis. Epinephrine is recognized to play an essential role in 
maintaining normoglycemia. Normoglycemia is one of the 
most guarded physiologic functions in pregnancy. Assessing 
fuel utilization during exercise in pregnancy is essential 
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Figure 1 Oxygen consumption during mild, moderate, and VO, max exercise. 
Source: From Ref. 26. 
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because of the possible metabolic effects of exercise-induced 
maternal hypoglycemia. Such events are unlikely to occur 
during mild—moderate exercise, but might occur during 
prolonged exercise (Fig. 4) (29). 

Measurements by indirect calorimetry indicate preferential 
use of carbohydrates during non-weight-bearing exercise in 
pregnancy (31). Studies have demonstrated that there is a 
tendency for higher respiratory exchange ratios (RERs) during 
pregnancy and during exercise in pregnancy, which suggests a 
preferential utilization of carbohydrates (31) (Fig. 5). 

The RER is a variable that reflects the ratio between carbon 
dioxide output (CO) and oxygen uptake (VO ). The RER will 
provide information on the proportion of substrate derived 
from various foodstuffs. For carbohydrates to be completely 
oxidized to CO, and H,O, one volume of CO; is produced for 
each volume of O, consumed. An RER value of 1.0 would 
indicate that only carbohydrates are being utilized. 

The increases in norepinephrine that parallel the exercise 
intensity have clinical relevance since norepinephrine has 
restrictive effects on the splanchnic, renal, and uterine blood 
flow and could precipitate uterine activity (28). 
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Figure 2 Effect of exercise on maternal glucose, glucagon, and insulin 
concentrations. The asterisks indicate a significant difference for that value 
when compared with the pre-exercise value. Source: From Ref. 28. 
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On occasions, uterine activity has been demonstrated to 
occur during and after physical activity in pregnancy (28); 
however, it could potentially have clinical significance only in 
patients who are at risk for premature labor. And indeed, 
patients at risk for premature labor are advised to refrain from 
exercise during pregnancy (Boxes 1-3). 


NUTRITION FOR THE ACTIVE PREGNANT WOMAN 
The nutritional needs of active pregnant women are not 
currently defined; however, the recommended dietary intake 
for pregnant women at large has been well researched. It has 
been estimated that the caloric cost of pregnancy is 
approximately 85,000 calories, approximately 300 extra 
calories per day above prepregnancy requirements. The 
average weight gain during pregnancy is approximately 
12.5kg, a 20% increase in body weight for most women, with 
most of the weight gain occurring during the second half of 
pregnancy. 

About 40% of the total gain is represented by the products 
of conception—fetus, placenta, and amniotic fluid (33). Due 
to methodology difficulties, it has not yet been determined 
what the true change in body composition during pregnancy 
is. However, it appears that there is a modest (less than 5%) 
increase in the percentage of body fat while the remainder is 
interstitial accumulation of fluids (34). It is well recognized 
that individual weight gain in pregnancy can affect the 
outcome of pregnancy. Obese women (20% above standard 
weight for height) more frequently deliver large infants 
(greater than 4.0kg); conversely, women who begin pregnancy 
15% below standard weight for height frequently deliver low- 
birth weight infants. 

Many active women will begin pregnancy underweight. 
Among these women, there is an increased awareness of body 
image, and many of them will continue to consume 
inadequate low-calorie diets during their pregnancies. To 
compensate for these low-calorie diets, they will frequently 
turn to excessive use of vitamins. Excessive intake of vitamins 
can result in an increased incidence of congenital malforma- 
tions. Excessive ingestion of vitamin D could result in a 
neonatal syndrome consisting of supravalvular aortic stenosis, 
elfin facies, and mental retardation (35). Hypervitaminosis A 
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Figure 3 Comparison with pre-exercise and post-exercise concentrations of norepinephrine, epinephrine, and cortisol. The data for norepinephrine (NE) and 
epinephrine (E) are illustrated on a logarithmic scale to the left of the Figure and those for cortisol (F) are on a separate scale to the right of the figure. The 


asterisks indicate a significant statistical difference for that value when compared with the pre-exercise value. 


Source: From Ref. 28. 
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Figure 4 Glucose concentrations during prolonged exercise: pregnant versus 
nonpregnant. Source: From Ref. 30. 
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Figure 5 Comparison of respiratory exchange ratio (RQ) during mild, 
moderate, and VO, max exercise. Source: From Ref. 26. 


may cause urogenital anomalies, ear malformations, cleft 
palate, and neural tube defects (36). The iron status should be 
assessed since many of these women may have preexisting 
depleted iron stores. 

The daily nutritional requirements should include an 
additional 300 cal/day, which is required to provide for the 
increased basal metabolic needs of pregnancy. Additional 
calories will be needed depending on the activities conducted. 
Furthermore, in the postpartum period, lactating women will 
require an additional 400 to 600 cal/day to meet the metabolic 
needs. The Institute of Developmental Biology and Molecular 
Medicine has published in 2009 guidelines for the rate of 
weight gain during pregnancy by prepregnancy BMI (37). The 
Institute of Medicine (IOM) recommendations of a single 
standard of weight gain for all obesity classes has come under 
criticism since higher body mass index levels combined with 
additional weight gain are associated with more severe 
pregnancy complications, such as pre-eclampsia and 
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gestational diabetes (38). The IOM recommendations retained 
the 1990 focus on the theoretical association between poor 
gestational weight gain and low birth weight. Important to 
point out that most causes for low birth weight are the 
consequences of other conditions than poor nutrition; there is 
lack of evidence in developed countries that dietary supple- 
mentation increases birth weight. 


FETAL RESPONSES TO MATERNAL EXERCISE 

The main concerns related to exercise in pregnancy are 
focused on the fetus and any potential maternal benefits that 
could be offset by fetal injuries. In the uncomplicated 
pregnancy, such events are highly unlikely. It appears now 
that with mild-moderate exercise, the risks for pregnant 
women are not different from the nonpregnant. 

It is well recognized that during other obstetric events, 
transient hypoxia could result initially in fetal tachycardia and an 
increase in fetal blood pressure. These fetal responses are 
protective mechanisms for the fetus to facilitate transfer of 
oxygen and decrease the CO, tension across the placenta. Any 
acute alterations could result in fetal heart rate (FHR) changes, 
causing possible fetal distress, whereas chronic effects may result 
in intrauterine growth retardation. Though fetal demise may be 
associated with either of the above events, there has never been a 
report in literature to link them with maternal exercise. 

The crux of the theoretical risk is related to the selective 
redistribution of blood flow during exercise to the exercising 
muscles and away from the visceral organs. Studies conducted 
in nonpregnant (23) and pregnant (16) subjects confirm that 
blood flow selectively redistributes during exercise. In experi- 
mental animal studies, a reduction in uterine blood flow by 50% 
or more could lead to fetal respiratory acidosis. Theoretically, 
such events could occur during either strenuous or prolonged 
exercise. Most of the studies addressing fetal responses to 
exercise have examined FHR changes during or after ex- 
ercise (39-41). The summary and results of these studies is 
listed in Table 1 (39-63). Most of the studies demonstrate a 
minimum or moderate increase in FHR by 10 to 30beats/min 
over baseline during or following maternal exercise. FHR 
decelerations has been reported to occur spontaneously with a 
frequency of 8.9% and recorded on rare occasions during and 
after exercise (62). On few occasions when FHR was measured 
during exercise in labor with a fetal scalp electrode attached, no 
FHR abnormalities were recorded either in the presence or 
absence of uterine activity (60). The mechanism leading to fetal 
bradycardia during maternal exercise can only be speculated 
upon: most likely are either vagal reflex, cord compression, or 
fetal head malposition with no known consequences. 

Due to the inaccessibility of the fetus, validation of events of 
FHR responses could ultimately be obtained only with direct 
internal FHR monitoring (60) or two-dimensional ultrasound 
(63,64). 

Several studies (58) have attempted to assess umbilical 
blood flow during maternal exercise with Doppler velocime- 
try, demonstrating various or no changes. Doppler velocimetry 
studies are technically difficult to conduct during exercise, so 
most measurements are taken before and after exercise, by 
which time any changes could have returned to normal. 

The presence of fetal activity has often been interpreted as a 
reflection of well-being. The same is true for fetal breathing, 
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Box 1 Absolute Contraindications of Aerobic Exercise 
During Pregnancy 


Hemodynamically significant heart disease 
Restrictive lung disease 

Incompetent cervix/cerclage 

Multiple gestation at risk for premature labor 
Persistent second- or third-trimester bleeding 
Placenta previa after 24 weeks of gestation 
Premature labor during the current pregnancy 
Rupture membranes 

Pregnancy-induced hypertension 


Source: From Ref. 32. 


Box 2 Relative Contraindications to Aerobic Exercise 
During Pregnancy 


Severe anemia 

Unevaluated maternal cardiac arrhythmia 
Chronic bronchitis 

Poorly controlled type I diabetes 

Extreme morbid obesity 

Extreme underweight (body mass index <12) 
History of extremely sedentary lifestyle 
Intrauterine growth restriction in current pregnancy 
Poorly controlled hypertension/pre-eclampsia 
Orthopedic limitations 

Poorly controlled seizure disorder 

Poorly controlled thyroid disease 

Heavy smoker 


Source: From Ref. 32. 


Box 3 Warning Signs to Terminate Exercise While Pregnant 


Vaginal bleeding 

Dyspnea before exertion 

Dizziness 

Headache 

Chest pain 

Muscle weakness 

Calf pain or swelling (need to rule out thrombophlebitis) 
Preterm labor 

Decreased fetal movement 

Amniotic fluid leakage 


which is related to the stage in gestation, diurnal variations, 
maternal plasma glucose, and catecholamine concentration. 
And, indeed, a direct relationship has been demonstrated 
between the sympathetic activity of the mother and the 
frequency of occurrence of both fetal breathing movements 
and fetal body movements. 

Numerous studies have examined the effects of exercise on 
pregnancy outcome since 2002. The results of these studies are 
summarized in Table 2 (74). 

Epidemiologic studies have suggested for a long time that a 
link exists between strenuous work and the development of 
intrauterine growth retardation. Working mothers have a 
tendency to deliver earlier and small-for-gestational-age 
infants (75,76). Uncontrolled studies done in elite athletes 
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indicate conflicting evidence (76,77). Most of the studies 
conducted in pregnant athletes report a very low incidence of 
complications, but at least one study (79) found that the 
number of newborn babies of Olympian mothers weighing 
2600 to 3000g (potentially growth restricted or born 
prematurely) was greater in their investigations than those 
weighing in excess of 3500g. The evidence in the literature is 
too limited to allow risk assignment for either premature labor 
or fetal growth restriction for exercising mothers. However, 
anecdotal clinical observations indicate that patients at risk for 
premature labor may have labor triggered by exercise. 
Furthermore, women who are diet conscious often do not 
receive the minimum required nutrients. The combined 
energy requirements of pregnancy and exercise coupled with 
poor weight gain may lead to fetal retardation. 


Exercise, hyperthermia, and risk for malformations 
During exercise, the working muscles generate heat, which 
could increase the body core temperature to levels that are 
considered teratogenic. Data obtained in studies conducted in 
research animals indicate that hyperthermia in excess of 39°C 
could be teratogenic and frequently result in neurotubular 
defects (80-82). 

Human data implicating hyperthermia as teratogenic include 
primarily case reports (83-87) that may suggest an association, 
but cannot prove causality. The only prospective study, which 
was conducted with 165 women exposed to first-trimester 
hyperthermia, has failed to confirm its teratogenic effects (85). 
Nevertheless, the theoretical risk cannot be dismissed easily, 
and pregnant women should be advised to avoid hyperthermia 
during the first weeks of gestation. The malformations 
implicated are the result of a failure of closure of the neural 
tube in the phase of embryogenesis that occurs 25 to 27 days 
after conception or 50 days from last menstrual period. 


CLINICAL APPLICATIONS FOR EXERCISE IN 
PREGNANCY 

Gestational diabetes occurs in 4% to 7% of the obstetric 
population. Insulin therapy and diet may not be the optimal 
treatment to attain euglycemia. The hormonal changes of 
pregnancy reduce insulin peripheral sensitivity and are further 
amplified in patients affected by gestational diabetes. Reduced 
insulin sensitivity may be reversed most efficiently with 
exercise. Exercise has been recognized for a long time as an 
adjunct or alternative therapeutic modality for type II diabetic 
patients. Pregnant diabetics have been denied this option in 
the past, primarily because of the potential fetal risks. 
Published studies on fetal responses to exercise have removed 
the initial concerns (Table 1). 

Exercise training results in sustained insulin sensitivity and 
improves glucose clearance. Because these functions are 
altered in gestational diabetes, exercise should be considered 
not only optional, but also preferable, because it obviates 
insulin therapy. During exercise, plasma concentrations of 
glucose counter-regulatory hormones plan an important role 
in maintaining glucose homeostasis. 

Studies conducted in pregnant diabetics indicate that these 
patients’ physiologic and metabolic responses to exercise are 
similar to healthy nondiabetics (88). No maternal or fetal 
adverse responses have been reported to date in pregnant 


Table 1 Fetal Heart Rate (FHR) Responses to Maternal Exercise 


Author 


Hon &(40) 
Soiva et al. (41) 


Hodr & Brotanek (42) 
Stembera & Hodr (43) 
Pokorny & Rous (44) 
Pomerance et al. (45) 


Eisenberg de (46) 
Pernoll et al. (47) 
Sibley et al. (48) 
Dale et al. (49) 
Hauth et al. (50) 
Collings et al. (51) 
Artal et al. (39) 
Artal et al. (39) 
Artal et al. (39) 
Pipers et al. (52) 
Clapp (53) 
Jovanic et al. (54) 
Veille et al. (55) 
Veille et al. (55) 
Rauramo (56) 
Paolone et al. (57) 


Carpenter et al. (58) 


Wolfe et al. (59) 
Artal et al. (60) 


Sample FHR size 
after exercise 


26 
24 


45 
2. 
12 


Population GA 
Mixed 34—41 
Mixed 28—40 
Mixed 29-36 
Mixed 38—40 
Mixed 36—40 
Normal 35-37 
Mixed 28—40 
Mixed 24—40 
Normal 17—40 
Normal 31-37.5 
Normal 28-38 
Normal 22-34+ 
Normal B5ell ae 505 
Normal 34.7 + 4.31 
Normal 34.1 + 6.85 
Normal 35.6 
Normal 20 and 32 
Normal 36-38.5 
Normal 33 az 3} 
Normal 27) 32 Il 
Mixed 32-40 
Normal 28-34 
Normal 20-34 
Normal 37.8 E106 
Normal 40 


Monitoring device 


Abdominal ECG 
Phonocardiograph 
Phonocardiograph 
Phonocardiograph 
Phonocardiograph 
Auscultation 


Abdominal ECG test; treadmill 


Doppler U/S 
Doppler U/S 
Doppler U/S 
Doppler U/S 
Doppler U/S 
Doppler U/S 
Doppler U/S 
Doppler U/S 
Doppler U/S 
Doppler U/S 
Doppler U/S 
Doppler U/S 
Doppler U/S 
Doppler U/S 
M-Mode echocardiograph 


Linear array two-dimension U/S 


Doppler U/S 


Direct fetal scalp monitoring 


(during labor) 


Abbreviations: GA, gestational age; NA, not applicable, U/S, ultrasound. Source: From Ref. 61. 


Type of exercise 


Master step test 

Bicycle ergometer 

Master step test 

Master step test 

Bicycle ergometer 

Bicycle ergometer 

Master step 

Bicycle ergometer 

Swimming 

Treadmill 

Jogging 

Bicycle ergometer 

Treadmill 

Treadmill 

Treadmill 

Semirecumbent cycling 

Treadmill 

Cycling 

Walking 

Cycling 

Bicycle ergometer 

Bicycle ergometer and 
treadmill 

Bicycle ergometer 

Isometric handgrip 

Bicycle ergometer 


Intensity of 
exercise 


Moderate 

Mild, moderate—strenuous 
Moderate 

Moderate 

Mild 

Moderate 

Moderate 

Mild 

Strenuous 
Strenuous 
Moderate 
Strenuous 

Mild 

Moderate 

VO, max 

Moderate 
Moderate-strenuous 
Moderate 
Moderate-strenuous 
Mild—moderate 
Mild 
Mild—moderate 
Mild, moderate—strenuous 


Mild—moderate 
Moderate 


FHR during 
exercise 
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Table 2 Studies Examining the Effects of Exercise on Pregnancy Outcome 


Author, year, and 


outcome Study type Activity type 
GDM 
Dempsey et al., Case control Recreational 
2004 (65) 
Dempsey et al., Prospective Recreational 
2004 (65) 
Zhang et al., Prospective Recreational, walking, 
2006 (66) stair-climbing 
Oken et al., Prospective Recreational 
2006 (67) 


Dye et al., 1997 (68) Case control Any exercise 


Pre-eclampsia 


Sorensen et al., Case control Recreational 


2003 (69) 


Saftlas et al., Nested case Work activity 


2004 (70) control Leisure-time physical 
activity (LTPA) 
Rudra et al., Case control Recreational 
2005 (71) 


Activity period 


Year before pregnancy 

First 20 weeks of 
pregnancy 

Both periods 


Year before pregnancy 
7 days prior to interview 


held at mean gestational 


age of 12.7 weeks 
Both periods 


Potentially 10 years 
before pregnancy 


Year before pregnancy 
3 months before 26-28 
weeks of gestation 

Both periods 


Entire pregnancy 


Year before pregnancy 

First 20 weeks of 
pregnancy 

Both periods 


Year before pregnancy 
<16 weeks of gestation 


Year before pregnancy 


Size of study 
population 


155 cases 
386 controls 


909 


21,765 


1805 


372 cases 
12,404 controls 


201 cases 


383 controls 


44 cases 
2422 controls 


244 cases 
470 controls 
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Main findings: relative risks, odds 
ratios, and 95% CI 


Any vs. none 0.45 (0.28-0.74) 
Vigorous vs. none 0.29 (0.16-0.51) 
Any vs. none 0.52 (0.33—-0.80) 
Vigorous vs. none 0.34 (0.19-0.63) 
Active both vs. inactive both 0.40 
(0.23-0.68) 
Any vs. none 0.44 (0.21-0.91) 
4.2 hr/wk vs. none 0.24 (0.10—0.64) 
21.1 MET-hr/wk vs. none 0.26 
(0.10-0.65) 
Any vs. none 0.69 (0.37-1.29) 
6.0 hr/wk vs. none 0.67 (0.31-1.43) 
28.0 MET-hr/wk vs. none 0.67 
0.31-1.43 
Active both vs. inactive both 0.31 
0.12-0.79 
Mean weekly total activity score 
Highest vs. lowest quintile 0.81 
0.68-1.01 
Mean weekly vigorous activity score 
Highest vs. lowest quintile 0.77 
0.69-0.94 
Brisk/very brisk walking vs. casual 


walking with no vigorous activity 
0.66 (0.46-0.95) 

15 flights stairs/day vs. <2 flights stairs/ 
day with no vigorous activity 0.50 
(0.27-0.90) 

Vigorous vs. none 0.56 (0.33-0.95) 

Vigorous vs. none 0.90 (0.47-1.70) 

Vigorous before and light/ 
moderate or 

vigorous during vs. light/moderate 
before and inactive during 0.49 
(0.24-1.01) 

None vs. any 1.0 (0.8-1.3) 

BMI >33.0 none vs. any 1.9 
aai) 


Any vs. none 0.67 (0.42-1.08) 

Vigorous vs. none 0.40 (0.23-0.69) 

Any vs. none 0.65 (0.43-0.99) 

Vigorous vs. none 0.46 (0.27-0.79) 

Active both vs. inactive both 0.59 
(0.35-0.98) 

Virtually none assessed 

Any LTPA vs. no LTPA 0.66 
(0.35-1.22) 

Non-sedentary jobs vs. sedentary jobs 
0.71 (0.37-1.36) 

Perceived very strenuous to maximal 
exertion vs. perceived exertion of 
none to weak 0.22 (0.11-0.44) 

BMI <25 trend of lower risk with 
increasing perception of exertion 
(p < 0.001) 

BMI 25 2trend of lower risk with 
increasing perception of exertion 
(p < 0.001) 


(continued) 
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Table 2 (continued) Studies Examining the Effects of Exercise on Pregnancy Outcome 


Author, year, and 


outcome Study type Activity type 
Weight-gain restriction 
Artal et al., 2007 (72) Intervention Moderate exercise 


Program equivalent 
to 60% symptom- 
limited to 
VO, max 


Activity period 


Enrolled <33 weeks 
Gestation to delivery 


Size of study 
population 


Main findings: relative risks, odds 
ratios, and 95% CI 


Obese with GDM 

Exercise + diet 
(ED) = 39 

Diet (D) n = 57 


Percentage gaming weight during study 
ED vs. D (53.8% vs. 78.9%, p < 0.01) 
Mean weight gain/week ED vs. D (0.1 
+ 0.4 kg vs. 0.3 + 0.4 kg, p < 0.05) 
Percentage macrosomic infants born 
to women gaining weight during 
study (ED or D) vs. to women 
losing weight or having no mean 


weight change during study 
(17.9% vs. 4.2%, p = 0.12) 
Normalization 
of blood 
glucose 
Bung et al., Randomized Moderate exercise Enrolled <33 weeks Hispanic women Normalization of blood glucose 
1991 (73) clinical trail Program equivalent Gestation to delivery with GDM Achieved and maintained in EXE 
to 50% symptom Exercise + diet and INS groups within 1 week 
limited to (EXE 
VO, max Insulin + diet 
(INS) n = 17 


Abbreviations: GDM, gestational diabetes mellitus; BMI, body mass index. 


diabetics engaging in mild-to-moderate physical activities. Nor 
have there been reported significant complications in non- 
diabetic, physically active pregnant women. 

To date, several studies have tested several exercise 
prescription regimens for pregnant diabetics. These studies 
have assessed maternal and fetal safety, and the efficacy of 
exercise prescription to improve carbohydrate tolerance and 
obviate insulin therapy. 

The prescribed exercise regimens include the following: 


1. Artal R (89)—20 minutes of bicycle ergometry 
(18 subjects at 50% VO, max after each meal (three 
times/day) for at least 5 days/week for 6 weeks prior 
to expected date of confinement (EDC). 


2. Jovanovic-Peterson (90)—20 minutes arm ergome- 
try (10 subjects) at less than 50% VO, max daily for 
6 weeks prior to EDC. 


3. Bung P (73)—45 minutes of bicycle ergometry 
(21 subjects) at 50% of VO, max three to four 
times/week for at least 6 weeks prior to EDC. 


All the above studies have demonstrated that exercise 
prescription is feasible in about 25% of pregnant diabetics and 
may be utilized as an optional therapeutic approach even in 
previously sedentary gestational diabetics. The rate of 
complications observed was similar in the study and control 
groups. In one study, two patients experienced premature 
labor of which one was successfully tocolyzed (73). The type, 
frequency, and intensity of exercise utilized in the above 
studies were sufficient to attain and maintain euglycemia. 
Non-weight-bearing exercise appears to be particularly suited 
for these types of patients. 

It appears that in the absence of either medical or obstetric 
complications, exercise prescription can be an optional 
adjunct therapy for gestational diabetes. This concept has 
been well accepted, but not widely prescribed. 


Source: From Ref. 74. 


SUMMARY 
Exercise in pregnancy conducted in moderation appears to be 
beneficial to both mother and fetus, by and large, safe. 
Questions remain as to the safety and potential benefits for 
strenuous exercise. 

The current published literature includes the following 
consistent findings (3): 


1. Women who exercised before pregnancy and 
continued to do so during pregnancy tend to weigh 
less, gain less weight, and deliver by and large 
normal size and fewer macrosomic babies. 

2. All women, regardless of initial level of physical 
activity, decrease their activity as pregnancy progresses. 

3. Active pregnant diabetic women can prevent or 
ameliorate gestational diabetes. 

4. Physically active women appear to tolerate labor 
pain better. 

5. Lifestyle modification in pregnancy has a beneficial 
effect on mothers, their families, and future 
generations. 


Pregnancy should not be a state of confinement, and 
cardiovascular and muscular fitness can be reasonably 
maintained. Restriction or modification of physical activity 
routines should be dictated by obstetric and medical 
indications only. 
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Frank A. Chervenak and Laurence B. McCullough 


INTRODUCTION 

Ethics is an essential dimension of maternal—fetal medicine (1-3). 
In this chapter, we develop a framework for clinical judgment 
and decision-making about the ethical dimensions of clinical 
practice and research in maternal—fetal medicine. We empha- 
size a preventive ethics approach that appreciates the potential 
for ethical conflict and adopts ethically justified strategies to 
prevent those conflicts from occurring. Preventive ethics helps 
to build and sustain a strong physician—patient relationship. We 
first define ethics, medical ethics, and the fundamental ethical 
principles of medical ethics, beneficence, and respect for 
autonomy. Second, we show how these two principles should 
interact in clinical judgment and practice in maternal—fetal 
medicine, with emphasis on the core concept of the fetus as a 
patient. Third, we set out an ethical framework for innovation 
and research in maternal—fetal medicine, with an emphasis on 
ethically justified criteria to guide the initiation and imple- 
mentation of research in maternal—fetal medicine. 


ETHICS, MEDICAL ETHICS, AND ETHICAL 
PRINCIPLES 

Ethics is the disciplined study of morality. Medical ethics is the 
disciplined study of morality in medicine and concerns the 
obligations of physicians and health-care organizations 
to patients as well as the obligations of patients (4). It is 
important not to confuse medical ethics with the many sources 
of morality in a pluralistic society. These include, but are not 
limited to, law, our political heritage as free people, the world’s 
religions (most of which now exist in our country), ethnic and 
cultural traditions, families, the traditions and practices of 
medicine (including medical education and training), and 
personal experience. Medical ethics since the eighteenth- 
century European and American Enlightenments has been 
secular (5). It makes no reference to God or revealed tradition, 
but to what rational discourse requires and produces. At the 
same time, secular medical ethics is not intrinsically hostile to 
religious beliefs. Therefore, ethical principles and virtues 
should be understood to apply to all physicians, regardless of 
their personal religious and spiritual beliefs (6). 

The traditions and practices of medicine constitute a major 
source of morality for physicians. They provide an important 
reference point for medical ethics because they are based on 
the obligation to protect and promote the health-related 
interests of the patient. This obligation tells physicians what 
morality in medicine ought to be, but in very general abstract 
terms. Providing a more concrete, clinically applicable account 
of that obligation is the central task of medical ethics, using 
ethical principles (4). 

The ethical principle of beneficence in its general meaning and 
application requires one to act in a way that is expected reliably 
to produce the greater balance of benefits over harms in the 


lives of others (6). To put this principle into clinical practice 
requires a reliable account of the benefits and harms relevant 
to the care of the patient, and of how those goods and harms 
should be reasonably balanced against each other when not all 
of them can be achieved in a particular clinical situation, such 
as a request for an elective cesarean delivery (7). In medicine, 
the principle of beneficence requires the physician to act in a 
way that is reliably expected to produce the greater balance of 
clinical benefits clinical over harms for the patient (4). 

Beneficence-based clinical judgment has an ancient pedi- 
gree, with its first expression found in the Hippocratic Oath 
and accompanying texts (8). Beneficence-based clinical 
judgment makes an important claim: to interpret reliably the 
health-related interests of the patient from medicine’s 
perspective. This perspective is provided by accumulated 
scientific research, clinical experience, and reasoned responses 
to uncertainty. As rigorously evidence based (9), beneficence- 
based judgment is thus not the function of the individual 
clinical perspective of any particular physician and therefore 
should not be based merely on the clinical impression or 
intuition of an individual physician. On the basis of this 
rigorous clinical perspective, focused on the best available 
evidence, beneficence-based clinical judgment identifies the 
clinical benefits that can be achieved for the patient in clinical 
practice based on the competencies of medicine. The clinical 
benefits that medicine is competent to seek for patients are the 
prevention and management of disease, injury, handicap, and 
unnecessary pain and suffering, and the prevention of 
premature or unnecessary death. Pain and suffering become 
unnecessary when they do not result in achieving the other 
goods of medical care, for example, allowing a woman to labor 
without effective analgesia (4). 

Nonmaleficence means that the physician should prevent 
causing harm and is best understood as expressing the limits of 
beneficence. This is also known as Primum non nocere or “first 
do no harm.” This commonly invoked dogma is really a 
Latinized misinterpretation of the Hippocratic texts, which 
emphasized beneficence while avoiding harm when approach- 
ing the limits of medicine (4). Nonmaleficence should be 
incorporated into beneficence-based clinical judgment: when 
the physician approaches the limits of beneficence-based 
clinical judgment, that is, when the evidence for expected 
benefit diminishes and the risks of clinical harm increase, then 
the physician should proceed with great caution. The 
physician should be especially concerned to prevent serious, 
far-reaching, and irreversible clinical harm to the patient. It is 
important to note that there is an inherent risk of paternalism 
in beneficence-based clinical judgment. By this, we mean that 
beneficence-based clinical judgment, if it is mistakenly 
considered to be the sole source of moral responsibility and 
therefore moral authority in medical care, invites the unwary 
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physician to conclude that beneficence-based judgments can 
be imposed on the patient in violation of her autonomy. 
Paternalism is a dehumanizing response to the patient and, 
therefore, should be avoided in the practice of obstetrics and 
gynecology. 

The preventive ethics response to this inherent paternalism 
is for the physician to explain the diagnostic, therapeutic, and 
prognostic reasoning that leads to his or her clinical judgment 
about what is in the interest of the patient so that the patient 
can assess that judgment for herself. This general rule can be 
put into clinical practice in the following way: the physician 
should disclose and explain to the patient the major factors of 
this reasoning process, including matters of uncertainty. In 
neither medical law nor medical ethics does this require that 
the patient be provided with a complete medical educa- 
tion (10). The physician should then explain how and why 
other clinicians might reasonably differ from his or her clinical 
judgment. The physician should then present a well-reasoned 
response to this critique. The outcome of this process is that 
beneficence-based clinical judgments take on a rigor that they 
sometimes lack in maternal-fetal medicine and the process of 
their formulation includes explaining them to the patient. It 
should be apparent that beneficence-based clinical judgment 
will frequently result in the identification of a continuum of 
clinical strategies that protect and promote the patient’s 
health-related interests, such as indications for cesarean 
delivery for fetal distress. Awareness of this feature of 
beneficence-based clinical judgment provides an important 
preventive ethics antidote to paternalism by increasing the 
likelihood that one or more of these medically reasonable, 
evidence-based alternatives will be acceptable to the patient. 
All beneficence-based clinical alternatives should be identified 
and explained to all patients, regardless of how the physician is 
paid, especially those that are well established in evidence- 
based obstetrics and gynecology. 

One advantage for the physician in carrying out this 
approach to communicating with the patient would be, we 
believe, to increase the likelihood of compliance (11). This is 
an especially pertinent consideration in the management of 
pregnancy, where the pregnant patient often must monitor 
herself for clinical changes, for example, self-observation for 
unusual weight gain or bleeding. Another advantage would be 
to provide the patient with a better-informed opportunity to 
make a decision about whether to seek a second opinion. The 
approach outlined above should make such a decision less 
threatening to her physician, who has already shared with the 
patient the limitations on clinical judgment. 

In contrast to the principle of beneficence, there has been 
increasing emphasis in the literature of medical ethics on the 
ethical principle of respect for autonomy (6). This principle 
requires one always to empower the patient in the informed 
consent process by proving her with information about the 
beneficence-based alternatives for managing her or the fetus’s 
condition and then implement the value-based preferences of 
the pregnant patient, unless there is compelling ethical 
justification for not doing so. The pregnant patient increas- 
ingly brings to her medical care her own perspective on what is 
in her interest. The principle of respect for autonomy 
translates this fact into autonomy-based clinical judgment. 
Because each patient’s perspective on her interests is a function 
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of her values and beliefs, it is impossible to specify the benefits 
and harms of autonomy-based clinical judgment in advance. 
Indeed, it would be inappropriate for the physician to do so, 
because the definition of her benefits and harms and their 
balancing are the prerogative of the patient. Not surprisingly, 
autonomy-based clinical judgment is strongly antipaternalistic 
in nature (4). 

To understand the demands of this principle in clinical 
practice, we need an operationalized concept of autonomy to 
make it relevant to clinical practice. To do this, we identify 
three sequential autonomy-based behaviors on the part of 
the patient: (i) absorbing and retaining information about 
her condition and alternative diagnostic and therapeutic 
responses to it, (ii) understanding that information (evalu- 
ating and rank-ordering those responses and appreciating 
that she could experience the risks of treatment), and (iii) 
expressing a value-based preference. The physician has a role 
to play in each of these. They are, respectively, (i) to 
recognize the capacity of each patient to deal with medical 
information (and not to underestimate that capacity), 
provide information (disclose and explain all beneficence- 
based alternatives), and recognize the validity of the values 
and beliefs of the patient; (ii) not to interfere with but, when 
necessary, to assist the patient in her evaluation and ranking 
of diagnostic and therapeutic alternatives for managing her 
condition; and (iii) to elicit and implement the patient’s 
value-based preference (4). 

The legal obligations of the physician regarding informed 
consent were established in a series of cases during the 
twentieth century. In 1914, Schloendorff v. The Society of 
The New York Hospital established the concept of simple 
consent, whether the patient says “yes” or “no” to medical 
intervention (10,12). To this day in the medical and bioethics 
literature, this decision is quoted: “Every human being of adult 
years and sound mind has the right to determine what shall be 
done with his body, and a surgeon who performs an operation 
without his patient’s consent commits an assault for which he 
is liable in damages” (12). The legal requirement of consent 
further evolved to include disclosure of information sufficient 
to enable patients to make informed decisions about whether 
to say “yes” or “no” to medical intervention (10). 

There are two accepted legal standards for such disclosure. 
The professional community standard defines adequate 
disclosure in the context of what the relevantly trained and 
experienced physician tells patients. The reasonable person 
standard, which has been adopted by most states, goes 
further and requires the physician to disclose “material” 
information, what any patient in the patient’s condition 
needs to know and the layperson of average sophistication 
should not be expected to know. Patients need to know what 
the physician thinks is clinically salient, that is, the 
physician’s beneficence-based clinical judgment. This reason- 
able person has emerged as the ethical standard, and we 
therefore urge perinatologists to adopt it. On this standard, 
the physician should disclose to the patient her or the fetus’s 
diagnosis (including differential diagnosis when that is all 
that is known), the beneficence-based (and therefore 
medically reasonable) alternatives to diagnose and manage 
the patient’s condition, and the short-term and long-term 
benefits and risks of each alternative. 


ETHICAL CONSIDERATIONS 


THE INTERACTION OF BENEFICENCE AND RESPECT 
FOR AUTONOMY IN CLINICAL JUDGMENT AND 
PRACTICE IN MATERNAL— FETAL MEDICINE 

The ethical principles of beneficence and respect for autonomy 
play a complex role in obstetric clinical judgment and practice. 
There are obviously beneficence-based and autonomy-based 
obligations to the pregnant patient: the physician’s perspective 
on the pregnant woman’s health-related interests provides the 
basis for the physician’s beneficence-based obligations to her, 
whereas her own perspective on those interests provides the 
basis for the physician’s autonomy-based obligations to her. 
Because of an insufficiently developed central nervous system, 
the fetus cannot meaningfully be said to possess values and 
beliefs. Thus, there is no basis for saying that a fetus has a 
perspective on its interests. There can therefore be no 
autonomy-based obligations to any fetus. Hence, the language 
of fetal rights has no meaning and therefore no application to 
the fetus in obstetric clinical judgment and practice despite its 
popularity in public and political discourse in the United 
States and other countries. Obviously, the physician has a 
perspective on the fetus’s health-related interests, and 
the physician can have beneficence-based obligations to the 
fetus, but only when the fetus is a patient. Because of its 
importance for obstetric clinical judgment and practice, the 
ethical concept of the fetus as a patient requires detailed 
consideration (4). 

The ethical concept of the fetus as a patient is essential to 
obstetric clinical judgment and practice. Developments in fetal 
diagnosis and management strategies to optimize fetal out- 
come have become widely accepted, encouraging the devel- 
opment of this concept. This concept has considerable clinical 
significance because when the fetus is a patient, directive 
counseling, that is, recommending a form of management, for 
fetal benefit is appropriate, and when the fetus is not a patient, 
nondirective counseling, that is, offering but not recommend- 
ing a form of management for fetal benefit, is appropriate. 
However, there can be uncertainty about when the fetus is a 
patient. One approach to resolving this uncertainty would be 
to argue that the fetus is or is not a patient in virtue of 
personhood or some other form of independent moral status. 
We now show that this approach fails to resolve the 
uncertainty, and we therefore defend an alternative approach 
that does resolve the uncertainty. 

One prominent approach for establishing whether or not 
the fetus is a patient has involved attempts to show whether or 
not the fetus has independent moral status. Independent moral 
status for the fetus means that one or more characteristics that 
the fetus possesses in and of itself and, therefore, indepen- 
dently of the pregnant woman and physician, generate and 
therefore ground obligations to the fetus on the part of the 
pregnant woman and her physician. Many fetal characteristics 
have been nominated for this role, including moment of 
conception, implantation, central nervous system develop- 
ment, quickening, and the moment of birth. It should come as 
no surprise that there is considerable variation among ethical 
arguments about when the fetus acquires independent moral 
status. Some take the view that the fetus has independent 
moral status from the moment of conception or implantation. 
Others believe that independent moral status is acquired 
in degrees, thus resulting in “graded” moral status. Still 
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others hold, at least by implication, that the fetus never has 
independent moral status so long as it is in utero (13,14). 

Despite an ever-expanding theologic and philosophical 
literature on this subject, there has been no closure on a single 
authoritative account of the independent moral status of the 
fetus. This is an unsurprising outcome because, given the 
absence of a single method that would be authoritative for all 
of the markedly diverse theologic and philosophical schools of 
thought involved in this endless debate, closure is impossible. 
For closure ever to be possible, debates about such a final 
authority within and between theologic and philosophical 
traditions would have to be resolved in a way satisfactory to all, 
an inconceivable intellectual and cultural event. The concept 
of the independent moral status of the fetus has no stable or 
clinically applicable meaning. We therefore abandon these 
futile attempts to understand the ethical concept of the fetus as 
a patient in terms of independent moral status of the fetus and 
turn to an alternative approach that makes it possible to 
identify ethically distinct senses of the fetus as a patient and 
their clinical implications for directive and nondirective 
counseling. 

Our analysis of the ethical concept of the fetus as a patient 
begins with the recognition that being a patient does not 
require that one possesses independent moral status. Rather, 
being a patient means that one can benefit clinically from the 
applications of the clinical skills of the physician. Put more 
precisely, a human being without independent moral status is 
properly regarded as a patient when two conditions are met: 
that a human being (i) is presented to the physician and (ii) 
there exist clinical interventions that are reliably expected to be 
efficacious, in that they are reliably expected to result in a 
greater balance of clinical benefits over harms for the human 
being in question (15). This is the sense in which the ethical 
concept of the fetus as a patient should be understood, what 
we call the dependent moral status of the fetus. 

The authors have argued elsewhere that beneficence-based 
obligations to the fetus exist when the fetus is reliably expected 
later to achieve independent moral status as a child and a 
person (4). That is, the fetus is a patient when the fetus is 
presented for medical interventions, whether diagnostic or 
therapeutic, that reasonably can be expected to result in a 
greater balance of goods over harms for the child and the 
person the fetus can later become during early childhood. The 
ethical significance of the concept of the fetus as a patient, 
therefore, depends on links that can be established between the 
fetus and its later achieving independent moral status. 


The Viable Fetal Patient 
One such link is viability. Viability, however, must be 
understood in terms of both biologic and technologic factors. 
It is only by virtue of both factors that a viable fetus can exist ex 
utero and thus achieve independent moral status. When a fetus 
is viable, that is, when it is of sufficient maturity so that it can 
survive into the neonatal period and achieve independent 
moral status given the availability of the requisite technologic 
support, and when it is presented to the physician, the fetus is a 
patient. 

Viability exists as a function of biomedical and technologic 
capacities, which are different in different parts of the world. 
As a consequence, there is, at the present time, no worldwide 
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uniform gestational age to define viability. In the United States, 
we believe, viability presently occurs at approximately 24 
weeks of gestational age (16,17). 

When the fetus is a patient, directive counseling for fetal 
benefit is ethically justified. In clinical practice, directive 
counseling for fetal benefit involves one or more of the 
following: recommending against termination of pregnancy, 
recommending against nonaggressive management, or re- 
commending aggressive management. Aggressive obstetric 
management includes interventions such as fetal surveillance, 
tocolysis, cesarean delivery, or delivery in a tertiary care center 
when indicated. Nonaggressive obstetric management ex- 
cludes such interventions. Directive counseling for fetal 
benefit, however, must take account of the presence and 
severity of fetal anomalies, extreme prematurity, and obliga- 
tions to the pregnant woman. 

It is very important to appreciate in obstetric clinical 
judgment and practice that the strength of directive counseling 
for fetal benefit varies according to the presence and severity of 
fetal anomalies. As a rule, the more severe the fetal anomaly, 
the less directive counseling should be for fetal benefit. In 
particular, when lethal anomalies such as anencephaly can be 
diagnosed with certainty, there are no beneficence-based 
obligations to provide aggressive management. Such fetuses 
are dying patients, and the counseling, therefore, should be 
nondirective in recommending between nonaggressive man- 
agement and termination of pregnancy, but directive in 
recommending against aggressive management for the sake of 
maternal benefit (18). By contrast, third-trimester abortion for 
Down syndrome, or achondroplasia, is not ethically justifiable, 
because the future child with high probability will have the 
capacity to grow and develop (19,20). 

Directive counseling for fetal benefit in cases of extreme 
prematurity of viable fetuses is appropriate. In particular, this is 
the case for what we term just-viable fetuses, those with a 
gestational age of 24 to 26 weeks, for which there are significant 
rates of survival but high rates of mortality and morbidity. 
These rates of morbidity and mortality can be increased by 
nonaggressive obstetric management, whereas aggressive ob- 
stetric management may favorably influence outcome. Thus, it 
appears that there are substantial beneficence-based obligations 
to just-viable fetuses to provide aggressive obstetric manage- 
ment. This is all the more the case in pregnancies beyond 26 
weeks of gestational age. Therefore, directive counseling for fetal 
benefit is justified in all cases of extreme prematurity of viable 
fetuses, considered by itself. Of course, such directive counseling 
is appropriate only when it is based on documented efficacy of 
aggressive obstetric management for each fetal indication. For 
example, such efficacy has not been demonstrated for routine 
cesarean delivery to manage extreme prematurity. 

Any directive counseling for fetal benefit must occur in the 
context of balancing beneficence-based obligations to the fetus 
against beneficence-based and autonomy-based obligations to 
the pregnant woman. Any such balancing must recognize that 
a pregnant woman is obligated only to take reasonable risks of 
medical interventions that are reliably expected to benefit the 
viable fetus or child later. A unique feature of obstetric ethics is 
that the pregnant woman’s autonomy influences whether, in a 
particular case, the viable fetus ought to be regarded as 
presented to the physician. 
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Obviously, any strategy for directive counseling for fetal 
benefit that takes account of obligations to the pregnant 
woman must be open to the possibility of conflict between the 
physician’s recommendation and a pregnant woman’s auton- 
omous decision to the contrary. Such conflict is best managed 
preventively through the informed consent process as an 
ongoing dialogue throughout a woman’s pregnancy, augmen- 
ted as necessary by negotiation and respectful persuasion (21). 


The Previable Fetal Patient 

The only possible link between the previable fetus and the 
child it can become is the pregnant woman’s autonomy. This is 
because technologic factors cannot result in the previable fetus 
becoming a child. The link, therefore, between a fetus and the 
child it can become when the fetus is previable can be 
established only by the pregnant woman’s decision to confer 
the status of being a patient on her previable fetus. The 
previable fetus, therefore, has no claim to the status of being a 
patient independently of the pregnant woman’s autonomy. 
The pregnant woman is free to withhold, confer, or, having 
once conferred, withdraw the status of being a patient on or 
from her previable fetus according to her own values and 
beliefs. The previable fetus is presented to the physician as a 
function of the pregnant woman’s autonomy (4). 

Counseling the pregnant woman regarding the manage- 
ment of her pregnancy when the fetus is previable should be 
nondirective in terms of continuing the pregnancy or having 
an abortion if she refuses to confer the status of being a patient 
on her fetus. If she does confer such status in a settled way, at 
that point beneficence-based obligations to her fetus come 
into existence, and directive counseling for fetal benefit 
becomes appropriate for these previable fetuses. Just as for 
viable fetuses, such counseling must take account of the 
presence and severity of fetal anomalies, extreme prematurity, 
and obligations owed to the pregnant woman. 

For pregnancies in which the woman is uncertain about 
whether to confer such status, the authors propose that the 
fetus be provisionally regarded as a patient. This justifies 
directive counseling against behavior that can harm a fetus in 
significant and irreversible ways, for example, substance abuse, 
especially alcohol, until the woman settles on whether to 
confer the status of being a patient on the fetus. 

In particular, nondirective counseling is appropriate in cases 
of what we term near-viable fetuses, that is, those that are 22 to 
23 weeks of gestational age, for which there are anecdotal 
reports of survival (16,17,22). In our view, aggressive obstetric 
and neonatal management should be regarded as clinical 
investigation (a topic addressed in the next section of this 
chapter), not a standard of care. There is no obligation on the 
part of a pregnant woman to confer the status of being a 
patient on a near-viable fetus, because the efficacy of aggressive 
obstetric and neonatal management has yet to be proven (17). 


ETHICS OF RESEARCH IN MATERNAL FETAL 
MEDICINE 

Definition of Research 

The definition of research in the federal regulations in the 
United States is the following: “an activity designed to test a 
hypothesis, permit conclusions to be drawn, and thereby to 
develop or contribute to generalizable knowledge” (23). 
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Three Components of Research Ethics 

The history of human experimentation appears to be 
coincident with the history of medicine. Concern about the 
scientific and ethical quality of research with human subjects 
begins to emerge in eighteenth-century medical ethics. One of 
major figures of that period, Dr. John Gregory (1724-1773) of 
Scotland, wrote the first modern medical ethics in the English 
language (24). He developed a research ethics to address 
the potential abuse of patients in the Royal Infirmary of 
Edinburgh by younger physicians anxious to establish their 
reputations. These physicians would pronounce Infirmary 
patients incurable, not to abandon them (which was the 
common practice), but to justify introducing experimental 
medicines into patient care. 

Gregory condemned this practice. His first concern was that 
such experimentation was premature: standard remedies had 
not yet been attempted and shown to be ineffective in a 
patient’s care. His second concern was that experimentation 
was often poorly designed. For example, compound drugs 
would be used without attention to the question of which 
elements of the compound might cause observed clinical 
effects. His third concern was that such physicians used the 
sick poor to advance their own reputational interests, 
subjecting them to unnecessary risk of clinical harm (a 
violation of the ethical principle of beneficence) out of 
personal self-interest. Gregory called this “sporting” with the 
sick poor; we now call it exploitation. 

Gregory’s research ethics introduced one of the key 
components of any adequate research ethics: the protection 
of research subjects. Such protection was gained by ensuring 
that there is a clinical justification for research and that the 
research is scientifically well designed. A second key 
component of any adequate research ethics, the consent of 
research subjects, was introduced in the nineteenth century. 

Making a reasonable effort to prevent what is known as the 
therapeutic misconception is one of the major responsibilities of 
clinical investigators in the informed consent process. The 
therapeutic misconception occurs when potential subjects fail 
to appreciate that some aspects of what they will experience in 
a study are not justified by a clinical judgment of what is in the 
patient’s health-related interest but by scientific considera- 
tions. Subjects, instead, confuse these scientific study design 
issues with regular medical care (25). For example, pregnant 
women being asked to enroll in a randomized fetal research 
trial should understand that intervention will be randomly 
selected rather than individually tailored by their physician’s 
clinical judgment. 

The need for both scientific and ethical integrity as 
components of research ethics was reinforced by the scientific 
and ethical catastrophe of the Nazi medical war crimes. A 
major result of the trials of the Nazi physicians was the 
promulgation of the Nuremberg Code. This is regarded as the 
founding document of contemporary research ethics and 
insists on sound scientific method and consent, which have 
become two of the three main components of research ethics 
globally (26). 

The third and final key component of research ethics was 
introduced by the Declaration of Helsinki. It requires 
independent overview of clinical investigation, for both its 
scientific and its ethical integrity (26). 
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As a result of this centuries-long history of medical ethics, 
there has emerged an international consensus that there are 
three key components of research ethics: (27) 


1. Clinical research with human subjects must be 
clinically justified and scientifically sound. The 
clinical need for research should be well established 
on the basis of a critical, evidence-based evaluation 
of current clinical practice. Clinical research should 
be well designed scientifically, with clearly stated 
research questions and testable hypotheses and a 
method adequate to test the hypotheses and this 
answers the research questions. 

2. Informed consent is required. The Nuremberg 
Code did not allow any exceptions to this require- 
ment, a position that is no longer part of the 
international consensus. It has been recognized in 
recent decades that there are populations of patients 
for whom we need to improve the quality of 
medical care but who cannot consent to becoming 
research subjects. This may be a result of the clinical 
circumstances of research (e.g., in emergencies 
where there is no time for the consent process) or 
the inability of the potential subject to engage in the 
informed consent process (e.g., fetuses). 

3. Oversight of research is required. Investigators are 
obligated to prepare research protocols that establish 
clinical need, meet standards of scientific integrity, 
and describe the informed consent process (or justify 
its waiver) and submit protocols for prospective 
review by independent committees established for 
this purpose (known in the United States as 
Institutional Review Board and in most of the rest 
of the world as Research Ethics Committees). 


Ethical Criteria for Innovation in Maternal—Fetal Medicine 
Innovation in maternal—fetal medicine should begin with the 
design of an intervention and its implementation in animal 
models, followed by a single case and then case series. This 
rigorous approach is required to determine the feasibility, 
safety, and efficacy of innovations in fetal research. It is a basic 
tenet of research ethics that potential subjects should be 
protected from potentially harmful innovation. Three criteria 
must be satisfied in order to conduct such preliminary 
investigations in fetal research in an ethically responsible 
fashion, by taking into account beneficence-based obligations 
to the fetal patient and beneficence-based obligations to the 
pregnant woman. The previable fetus is a patient in these cases 
because, as explained above, the woman has made a decision 
to continue her pregnancy, in order to have the opportunity to 
gain the potential benefits of the innovation. She remains free 
to withdraw that status before viability: 


1. the proposed fetal intervention is reliably expected 
on the basis of previous animal studies either to be 
life-saving or to prevent serious and irreversible 
disease, injury, or handicap for the fetus; 

2. among possible alternative designs, the intervention 
is designed in such a way as to involve the least risk 
of mortality and morbidity to the fetal patient 
(which is required by beneficence and will satisfy 
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the U.S. research requirement of minimal risk to 
the fetus); (23) and 

3. on the basis of animal studies and analysis of 
theoretical risks both for the current and for the 
future pregnancies, the mortality risk of the fetal 
intervention to the pregnant woman is reliably 
expected to be low and the risk of disease, injury, or 
handicap to the pregnant woman is reliably 
expected to be low or manageable (28). 


The first two criteria are based on beneficence-based 
obligations to the fetal patient. Research on animal models 
should suggest that there would be therapeutic benefit without 
disproportionate iatrogenic fetal morbidity or mortality. If 
animal studies result in high rates of mortality or morbidity for 
the animal fetal subject, then innovation should not be 
introduced to human subjects until these rates improve in 
subsequent animal studies. 

The third criterion reflects the fact that fetal intervention in 
the form of fetal surgery is necessarily also as maternal surgery 
and that ethically and clinically the fetal patient is not a 
separate patient. This criterion reminds investigators that the 
willingness of a subject, in this case, the pregnant woman, to 
consent to risk does not by itself establish whether the risk/ 
benefit ratio is favorable. Judgments about an acceptable risk/ 
benefit ratio should not be autonomy based, but beneficence 
based. This is because investigators have an independent 
beneficence-based obligation to protect human subjects from 
unreasonably risky research and should use beneficence-based, 
not autonomy-based, risk—benefit analyses. Phrases such as 
“maternal—fetal surgery” are useful if they remind investigators 
of the need for such comprehensive analysis. If they are used 
systematically to subordinate fetal interests to maternal 
interest and rights, and therefore to undermine the concept 
of the fetus as a patient in favor of the concept that the fetus is 
merely a part of the pregnant woman, such phrases lack ethical 
utility. 


Ethical Criteria in Randomized Trials in Maternal—Fetal 
Medicine 

Preliminary innovation should end and randomized clinical 
trials begin when there is clinical equipoise. Until recently, 
equipoise has meant that there is “a remaining disagreement in 
the expert clinical community, despite the available evidence, 
about the merits of the intervention to be tested” (26). Brody 
notes that one challenge here is identifying how much 
disagreement can remain for there still to be equipoise (26). 
Lilford has suggested that when two-thirds of the expert 
community, measured reliably, no longer disagree, equipoise 
is not satisfied (29). 

This older concept of equipoise is based on the distribution 
of opinion in the clinical community, which may or may not 
be evidence based. To make judgments of equipoise more 
rigorous, it has been argued that it should be evidence based. 
This is known as normative equipoise or evidence based, 
which is the preferred concept (27). When evidence-based 
evaluation of clinical experience and the current literature 
supports the judgment that the experimental intervention is 
more harmful than nonintervention, equipoise cannot be 
achieved. 
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The satisfaction of the previous three criteria for innovation, 
with slight modifications, should count as equipoise in the 
expert community: 


1. the initial case series indicates that the proposed fetal 
intervention is reliably expected either to be life- 
saving or to prevent serious and irreversible disease, 
injury, or handicap; 

2. among possible alternative designs, the intervention 
continues to involve the least risk of morbidity and 
mortality to the fetus; and 

3. the case series indicates that the mortality risk to the 
pregnant woman is reliably expected to be low and 
the risk of disease, injury, or handicap to the 
pregnant woman, including for future pregnancies, 
is reliably expected to be low or manageable (28). 


One good test for the satisfaction of the first and third 
criteria is significant trends in the data from the case series. 
When evidence-based equipoise has been achieved on the basis 
of these three criteria, randomized clinical trials should 
commence. They must have relevant and clearly defined 
primary and secondary endpoints and a design and sample size 
adequate to measure these endpoints. 

The above three criteria can be used in a straightforward 
manner to define stopping rules for randomized clinical trials 
in fetal research. When the data support a rigorous clinical 
judgment that the first or third criterion is not satisfied, the 
trial should be stopped. 


Criteria for Making the Transition from Research to 
Clinical Practice 

When a clinical trial in fetal research is completed, its outcome 
can be assessed to determine whether the investigational fetal 
intervention should be introduced into clinical practice. Trial 
results should meet the following three criteria in order to 
make this important transition: 


1. the fetal intervention has a significant probability of 
being lifesaving or preventing serious or irreversible 
disease, injury, or handicap for the fetus; 

2. the fetal intervention involves low mortality and low 
or manageable risk of serious and irreversible 
disease, injury, or handicap to the fetus; and 

3. the mortality risk to the pregnant woman is low and 
the risk of disease, injury, or handicap is 
low or manageable, including for future pregnan- 
cies (28). 


Brody has underscored the value of data safety and 
monitoring boards to prevent investigator bias and to protect 
subjects (26). Such boards should be used in fetal research, 
especially to ensure adherence of the above-mentioned ethical 
criteria as a basis for monitoring such research. 


CONCLUSION 

Ethics is an essential dimension of clinical practice and 
research in maternal—fetal medicine. An understanding and 
clinical application of the ethical principles of beneficence and 
respect for autonomy and of the ethical concept of the fetus as 
a patient should guide clinicians and investigators, to better 
serve pregnant and fetal patients. 
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INTRODUCTION 

The field of medical genetics is rapidly expanding. Genetics is 
becoming increasingly important in the general practice of 
medicine. Thus, the primary care physician has a responsibility 
to acquire adequate knowledge of genetics to provide his or her 
patients with the most up-to-date medical care. In addition to 
advances in the understanding of the genetic basis for many of 
the more frequent chromosomal, single-gene, and multiple 
anomaly syndromes, there is greater knowledge of the role of 
genetics in common disorders such as hypertension, diabetes, 
heart disease, cancer, psychiatric disorders, and other medical 
problems. Medical genetics has a particularly great impact on 
the practice of obstetrics and on the evaluation and the 
management of fetal abnormalities, resulting in a need for close 
working relationships between clinical geneticists and specia- 
lists in maternal—fetal medicine. As the growth of information 
and technology continues, it is anticipated that new forms of 
genetic therapy, at the somatic cell level and possibly at the 
germ cell level, will be developed. Some of these treatments may 
be employed preconceptually and during pregnancy, requiring 
the involvement of obstetricians and gynecologists. 

The human genome contains three billion base pairs of 
DNA, packaged into units known as chromosomes and 
encoding an estimated 20,000 to 25,000 genes (1,2). At the 
present time, over 12,000 human genes have been mapped and 
almost 3000 single-gene disorders have been described for 
which the molecular genetic basis is known (3). The Human 
Genome Project, begun in the late 1980s and completed 
in 2003, produced a haploid human genome sequence, which 
was a composite of the DNA sequence of several individuals. 
As a result, new genes and new information about the genetic 
basis for many disorders have been discovered. This has 
already begun to have a huge impact on the practice of medical 
genetics and medicine in general. 


CY TOGENETICS 

Cytogenetics is the study of chromosomes and their 
abnormalities (4,5). The field of cytogenetics is a relative 
newcomer in clinical laboratory medicine. It was not until the 
mid-1950s that chromosome analysis could be done. Soon 
after it was determined that the normal number of chromo- 
somes in humans is 46, rapid discoveries in the area of human 
cytogenetics were made. In 1959, LeJeune identified the 
cytogenetic basis of Down syndrome, and around the same 
time, sex chromosome abnormalities were found in patients 
with anomalies of sexual development. Techniques for the 
analysis of chromosomes have continued to be improved and 
refined, allowing more subtle abnormalities to be identified. 
Newer molecular cytogenetic methods have revolutionized the 
identification and confirmation of microdeletions, microdu- 
plications, and cryptic translocations. 


Humans have a total of 46 chromosomes, including 22 pairs 
of numbered chromosomes, or autosomes, and one pair of sex 
chromosomes. Each chromosome comprises a single length of 
double-stranded DNA, ranging in size from 50 million to 
250 million base pairs. This genetic information is tightly 
compressed and packaged in the formation of the chromo- 
somes. The DNA molecules are complexed with proteins 
called histones. The histones are packaged into nucleosomes, 
which are further compacted into a helical structure known as 
a solenoid. Finally, the solenoids are wound in a helical fashion 
and compressed to form the chromatin loops. Chromatin is 
packaged into chromosomes, which can be viewed micro- 
scopically during the metaphase stage of cell division. 

Performing cytogenetic analysis has become an integral 
part of many areas of medical practice, including obstetrics, 
pediatrics, and oncology. Traditional chromosome analysis 
first involves obtaining a sample of living tissue. This can be 
blood, skin, amniotic fluid, products of conception, bone 
marrow, or any viable solid tissue. Blood is the most 
frequently analyzed tissue for routine chromosome analysis. 
For blood, the lymphocytes are isolated. For amniotic fluid, 
the amniocytes are obtained by spinning down the fluid and 
removing the cell pellet. For solid tissues, the tissue is minced 
and/or sonicated. For all tissue types, the cells are cultured in 
tissue culture for 48 to 72 hours. Cell division is arrested at 
metaphase by the addition of colcemid. The cells are then 
harvested and placed on a microscope slide. The cell nuclei are 
ruptured by adding a hypotonic solution, then stained to show 
the bands, and images of the metaphase chromosome spreads 
are analyzed. Each chromosome is studied by looking at the 
banding pattern to identify not only numerical abnormalities, 
but also structural problems. Newer computerized technology 
allows karyotype analysis by digital imaging methods. By 
convention, the 22 autosome pairs are arranged by size, from 
the largest to the smallest, in four rows, with the pair of sex 
chromosomes in the lower right corner (Fig. 1). Ideograms are 
schematic representations of banding patterns used by cytogen- 
eticists to standardize numbering of specific bands (Fig. 2). 

Chromosomes have distinctive structural appearances when 
viewed microscopically. There are two arms with a central 
narrowing called the centromere. The shorter arm is termed 
“p” for “petit,” while the longer arm is denoted “q,” because 
q comes after p alphabetically. The p arm is always shown at the 
top on karyotypes. There are three types of chromosomes 
structurally (Fig. 3). Metacentric chromosomes have p and 
q arms that are almost equal in length, with the centromere 
located in the middle. Submetacentric chromosomes have a 
shorter p arm with the centromere placed closer to the top of the 
chromosome and acrocentric chromosomes have small p arms 
called satellites with the centromere located near the top of the 
chromosome. The ends of chromosomes are called the telomeres. 


43.1 


43.2 


6 7 8 9 
bi 0d 34 
13 14 15 
a YY a 
19 20 21 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


rey 


10. 11 12 
a4 4% r 
16 17 18 
ré £ í 
22 x y 


Figure 1 Normal male karyotype. 
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Figure 2 Ideogram of human chromosome showing Giemsa banding patterns. 


Various banding techniques are used to visualize the 
chromosomes. The most frequently used method is Giemsa 
banding or G-banding, which results in a specific pattern of 
dark and light bands on each chromosome. The older 
method, quinacrine banding, or Q-banding, produces the 
same dark and light patterns, but requires the use of a 
fluorescence microscope and is not used routinely. Reverse 
banding or R-banding, results in the opposite of the dark 
and light pattern seen with G-banding; this may be used to 
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better see the ends of the chromosomes. C-banding stains 
the constitutive heterochromatin, which is near the 
centromeres and NOR stain visualizes the nucleolar 
organizing regions of the satellites and stalks of acrocentric 
chromosomes. For routine karyotype analysis, G-banding is 
typically used by most laboratories. Routine karyotyping 
cannot detect gains or losses of cytogenetic material smaller 
than about 4Mb in size and therefore can miss significant 
abnormalities. 
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Figure 3 Human chromosome morphology as classified by variation in chromosome size and centromere position. Source: From Ref. 6. 
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Figure 4 Example of fluorescence in situ hybridization analysis in a patient with Williams syndrome. On the left panel, an interphase cell is shown with a deletion 
of one copy of the elastin (ELN) gene within the critical 7q11.23 Williams syndrome region; there is only one red ELN signal and there are two green control 


signals. On the right panel, a metaphase cell is shown indicating a deletion on chromosome 7 with a missing red signal. Source: Courtesy of Dr. Shashikant 


Kulkarni. 


Fluorescence in situ hybridization (FISH) is a technique in 
which DNA probes attached to fluorescent dyes are hybridized 
to specific chromosome regions from patient samples, either 
interphase cells or metaphase chromosome spreads, most 
often from lymphocytes or amniocytes. The chromosomes are 
then visualized by fluorescent microscopy. Probes can be 
designed to hybridize to whole chromosomes, specific 
chromosome segments of interest, centromeres, or telomeres. 
FISH is widely used for the diagnosis of suspected recognizable 
microdeletion syndromes (Fig. 4). Multicolor FISH is useful 
for analyzing submicroscopic structural rearrangements 
undetectable by classic cytogenetic techniques or for identify- 
ing marker chromosomes. FISH is also used for rapid 
screening for aneuploidy including trisomy 13, 18, or 21 and 
abnormalities of X and Y. 

Chromosome microarray analysis using array-based com- 
parative genomic hybridization (aCGH) is a powerful new 
technique for the detection of genomic copy number 
alterations, including deletions and duplications (7-9). It 
was originally developed as a research tool, but is rapidly 
replacing traditional cytogenetic methods of analysis for the 
diagnosis of chromosomal defects. With this method, DNA 


from the patient’s DNA and DNA from a normal control are 
each labeled with different tags for analysis by fluorescence 
(Fig. 5). The patient and control DNA are mixed together 
along with unlabeled human cot-1 DNA to suppress repetitive 
DNA sequences, and the mix is hybridized to a slide 
containing thousands of defined DNA probes. The (fluores- 
cence) color ratio along the chromosomes is used to evaluate 
regions of DNA gain or loss in the patient sample as compared 
with the control DNA. Clinically available arrays include 
focused arrays that are designed to identify all microdeletions 
detectable by FISH, bacterial artificial chromosome arrays that 
can detect rearrangements greater than 1 Mb, oligonucleotide 
arrays using DNA probes that can pick up imbalances as small 
as 20 to 80kb, and single-nucleotide polymorphism arrays. 
Diagnosis of alterations in DNA dosage or genomic copy 
number that are known to be associated with a variety of 
syndromic and non-syndromic pediatric and adult genetic 
disorders can be found by aCGH analysis. Copy number 
variations (CNV) or polymorphisms that are not known to be 
associated with an abnormal phenotype or are considered to 
be benign are often detected. In addition, previously 
undescribed deletions or duplications with unclear clinical 
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Figure 5 Array comparative genomic hybridization (chromosome microarray) technology. (A) DNA from the patient sample is labeled with a green fluorescence 
dye and a control DNA is labeled with a red fluorescence dye. The two samples are mixed and co-hybridized to an array of genomic DNA targets on a slide. The 
ratios of fluorescence intensities are proportional to the ratio of copy numbers of DNA sequences in the patient versus the control samples. Green area indicates 
duplication and red area indicates deletion. (B) The slides are scanned into image files using a microarray scanner. (C) The output shows hundreds of spots with 
different ratios of fluorescence intensities. (D) The array profile is analyzed; shown here is a patient profile indicating a deletion of three DNA markers within the 
neurofibromatosis type 1 critical region on chromosome 17p11.2. Source: From Ref. 7. 


significance may be identified, requiring parental analysis to 
determine inheritance of the abnormality and often making 
genetic counseling for the family difficult. Another caveat of 
using chromosome microarray analysis is that it cannot detect 
balanced chromosome rearrangements such as translocations 
or inversions if there is no gain or loss of a chromosome 
segment. 


CHROMOSOMAL ABNORMALITIES 

Chromosome abnormalities are seen in 1 in 150 to 1 in 170 
live births and thus, as a group, contribute significantly to 
morbidity and mortality among neonates and infants (1). Any 
baby that has two or more congenital anomalies should have a 
karyotype performed (Table 1). Some of the more frequent 
chromosome anomalies will be reviewed, as well as the 
categories of chromosome abnormalities. 


Aneuploidy 

The term “aneuploidy” refers to an abnormal total number of 
chromosomes (10). For example, an individual who has either 
a missing or extra copy of one of the chromosomes is said to 
have aneuploidy. Aneuploidy is the most common type of 
chromosome aberration found in humans and arises by a 
process known as “nondisjunction.” Nondisjunction occurs 
when there is a failure of proper distribution of chromosome 
pairs into daughter cells during meiosis, leading to gametes 
that have either an extra copy of a given chromosome or a 
missing copy of that chromosome. Meiosis is the process by 


Table 1 Indications for Chromosome Analysis 


© Suspected recognizable chromosome abnormality 

e Infant with two or more malformations 

© Mental retardation or developmental delay of unknown 
etiology, with or without malformations 

© Relatives of people with known translocation, deletion, or 
duplication 

e Stillborn infants with malformations or no known reason for 
fetal demise 

© Females with short stature 

e Males with infertility, small testes, or gynecomastia 

e Women and their partners who have experienced recurrent 
miscarriages 


which the chromosomes in the gamete are reduced from the 
diploid state (46 chromosomes) to the haploid state (23 
chromosomes). There are two cell divisions in meiosis, called 
meiosis I and meiosis II. In meiosis I cell division, which is also 
known as the reduction division stage, two haploid cells are 
formed from one diploid cell. Meiosis II division results in 
replication of each haploid cell. Nondisjunction can occur in 
either meiosis I or meiosis II, although 80% of the time it 
occurs during meiosis I (11). There is a clear association 
between advancing maternal age and an increased risk for 
nondisjunctional events (12). However, regardless of parental 
ages, it has been shown that the extra number 21 in children 
with trisomy 21 is of maternal origin in 95% of cases and of 
paternal origin in only 5% of cases (13). In general, if a zygote 
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Figure 6 Two-year-old boy with Down syndrome. Note brachycephaly, dysplastic ears, epicanthal folds, and upslanting palpebral fissures. 
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Figure 7 Karyotype of trisomy 21 karyotype. The arrow indicates extra chromosome 21. 


has monosomy for an autosome, early embryogenesis will fail 
and a spontaneous pregnancy loss will occur, sometimes even 
before the first missed menstrual period. On the other hand, 
trisomy for an autosome may result in a longer surviving 
embryo or fetus, or even a liveborn infant. Trisomy 13, 
trisomy 18, and trisomy 21 (Down syndrome) are the only 
autosomal trisomies that can result in viable infants in the 
non-mosaic state. However, mosaicism for many different 
autosomal trisomies, that is, the presence of both normal and 
trisomic cells in one individual, has been described in viable 
infants. Sex chromosome aneuploidy has, in general, less 
deleterious effects on the affected individual. 


Down Syndrome 

Down syndrome, or trisomy 21, is the most common 
autosomal chromosome abnormality seen in liveborn infants 
(Fig. 6). It occurs in approximately 1 in 700 newborns. As 
mentioned above, the risk of nondisjunction increases with 
advancing maternal age. The American College of Obstetrics 
and Gynecology has recommended that invasive prenatal 


testing for Down syndrome and other trisomies should be 
offered to all women, regardless of age, and not limited to 
those over age 35 (14). Down syndrome is caused by the 
presence of three copies of chromosome 21 (Fig. 7). In 95% of 
cases, there is straightforward trisomy 21 (denoted 47,XX,+21 
in a female and 47,XY,+21 in a male), with an extra 21 in every 
cell of the body, arising by nondisjunction. About 2% to 3% of 
patients have mosaicism, with some portion of cells having a 
normal chromosome complement; mosaicism is caused by 
postzygotic nondisjunction. The features of Down syndrome 
may be milder in the mosaic form, depending on what 
percentage of cells are normal. About 2% of Down syndrome 
cases are caused by a translocation, usually a Robertsonian 
translocation involving another acrocentric chromosome, 
such as the number 14 (14;21) or the number 21 (21;21). 
Karyotyping on all newborns with clinical features of Down 
syndrome will identify those who have the translocation form. 
Approximately 25% of translocation cases are inherited from a 
parent, with a high risk of recurrence in future pregnan- 
cies (15,16). Therefore, chromosome analysis should be done 


Figure 8 Newborn infant with trisomy 18, showing dysmorphic facies, flexion 
contracture of fingers, and rocker bottom feet. 


on the parents of all cases of translocation-type Down 
syndrome. If a woman is a 14;21 Robertsonian translocation 
carrier, there is a 15% risk of Down syndrome in each 
pregnancy, as well as a high risk of recurrent spontaneous 
abortions due to the other possible unbalanced chromosome 
complements in the offspring. If a man is a carrier, the risk of a 
liveborn baby with trisomy 21 is only about 5% (15,16). 

Individuals with Down syndrome usually have a moderate 
degree of mental retardation, with IQ in the 50 to 60 range. 
Some have milder mental retardation, while others fall into the 
severe range. The degree of mental retardation cannot be 
determined at birth. Early intervention, with involvement in 
infant stimulation and parent training programs, can improve 
the developmental outcome. Most people with Down 
syndrome are educable and many can be mainstreamed in 
regular classrooms in school. Increasing numbers of indivi- 
duals with Down syndrome are able to live semi-indepen- 
dently and hold jobs in supervised settings (17, 18). 

There are a number of associated birth defects and medical 
problems in Down syndrome. Approximately 40% to 50% of 
babies with trisomy 21 have a congenital heart defect, 
frequently an atrioventricular canal or septal defect (19). 
About 12% of these babies have a malformation of the 
gastrointestinal tract, most often duodenal atresia, but 
occasionally Hirschsprung’s disease, imperforate anus, or 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


tracheoesophageal atresia. Other birth defects include con- 
genital cataracts (3%), syndactyly, 11 pairs of ribs, and urinary 
tract anomalies (2-3%) (20). Anomalies can be detected by 
prenatal ultrasound, particularly the heart defects and 
duodenal atresia. If either of these types of anomalies is seen, 
prenatal testing for Down syndrome should be considered. 
Postnatal medical problems, in addition to developmental 
delay and mental retardation, include poor feeding and 
hypotonia in infancy, obesity later in life, visual impairment 
(myopia in 70%), recurrent otitis media and hearing loss, 
hypothyroidism (20%), atlantoaxial or atlanto-occipital 
instability (5-10%), and childhood leukemia (1%) (20). 


Trisomy 18 

Trisomy 18 (Edward syndrome) is a much less common 
autosomal trisomy, seen in approximately 1 in 7000 liveborn 
infants (21). It has been estimated that at least two-thirds of 
trisomy 18 conceptuses are lost by spontaneous abortion. 
Trisomy 18 is caused by the presence of three copies of the 
number 18 chromosome, again arising by nondisjunction in 
meiosis I or meiosis II. 

The prognosis for trisomy 18 is extremely poor and the 
majority of infants die within the first 3 months of life. There 
are, however, a few individuals who have survived to their 
teens and twenties. The associated mental retardation is severe 
to profound. In general, the birth defects seen in trisomy 18 
are more frequent and much more severe than that in 
trisomy 21 (Fig. 8). Most infants have significant intrauterine 
growth retardation, which may be identified by prenatal 
ultrasound. Approximately 85% of infants have a congenital 
heart defect, including septal defects, multivalvular dysplasia, 
and complex anomalies. Other anomalies are dysmorphic 
facial features, short sternum, joint contractures, overlapping 
digits, rocker bottom feet, renal abnormalities, and occasion- 
ally gastrointestinal tract anomalies and neural tube defects. 


Trisomy 13 

Trisomy 13 (Patau syndrome) is the third autosomal trisomy, 
which can be seen in liveborn infants. It is less common than 
trisomy 18 and occurs in about 1 in 12,000 live births (19). As 
in trisomy 18, the prognosis for trisomy 13 is very poor, with 
most infants dying within the first 3 months. Depending on 
the severity of the associated birth defects, longer-term survival 
is possible. Infants with trisomy 13 tend to be better grown 
than those with trisomy 18 (Fig. 9). However, they are more 
likely to have microcephaly, which can be seen by prenatal 
ultrasound. Congenital heart defects are present in 80% 
to 85%, again often of a complex nature. Those with less 
significant heart defects may survive longer. Holoprosence- 
phaly, cleft lip and palate, renal anomalies, and omphalocele 
are frequent abnormalities in trisomy 13, which may be 
detected by prenatal ultrasound. 


Sex Chromosome Abnormalities 

Sex chromosome abnormalities as a group are very common. 
Approximately 1 in 500 individuals has a sex chromosome 
abnormality, although it has been suggested that the true 
incidence may be higher. Some cases may never be ascertained 
due to the relatively mild signs and symptoms associated with 
most of the common sex chromosome problems. Many patients 
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Figure 9 Newborn infant with trisomy 13, showing microphthalmia, bilateral 
cleft lip and palate, and postaxial polydactyly of the hands. 


are not diagnosed until adulthood when they may undergo 
evaluation for infertility or other reproductive problems. 


Turner Syndrome 

Turner syndrome is one of the most familiar sex chromosome 
abnormalities. It is caused by the presence of only one 
X chromosome (45,X) in phenotypic females. This classic 
Turner karyotype is seen in 50% of cases; other cases may be 
mosaic (45,X/46,XX), or may be caused by an abnormal 
X chromosome, such as an isochromosome or ring X (1). 
There may be portions of a Y chromosome present or 
mosaicism for a 46,XY cell line in some cases. FISH testing for 
SRY is recommended for detection of Y chromosome material. 
Turner syndrome is seen in about 1 in 2500 newborn girls. 
However, it is well known that the incidence is much higher in 
early pregnancy, with more than 98% of 45,X embryos and 
fetuses being lost by spontaneous miscarriage. This would 
suggest that the incidence among conceptuses could be as high 
as 1.5%, an extraordinarily high frequency (5). 

Features of Turner syndrome detectable by ultrasound 
include cystic hygroma, lymphedema, or hydrops fetalis; when 
these abnormalities are seen, the prognosis for survival of the 
pregnancy is poor (22). Smaller cystic hygromas may resolve 
during pregnancy, leaving a webbed neck or excess nuchal 
skin. Other anomalies seen in Turner syndrome include 
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congenital heart defects, frequently coarctation of the aorta, and 
renal anomalies, often horseshoe kidney. Lymphedema may be 
seen at birth, often involving the dorsum of the hands and feet, 
as well as a shield-shaped chest and wide-spaced nipples. For 
surviving girls with Turner syndrome, the prognosis for good 
health and a normal lifespan is excellent. Intelligence is normal, 
although there may be some specific learning disabilities. 
However, due to the “streak” ovaries, puberty and the onset of 
menses will not usually occur without hormone therapy and the 
average adult height without growth hormone treatment is 
57 inches. The long-term outcome with estrogen/progesterone 
replacement and growth hormone therapy is very good. 
A number of successful pregnancies in women with Turner 
syndrome have been reported, with the use of ovum donation 
and in vitro fertilization techniques (23). 


Klinefelter Syndrome 

Klinefelter syndrome is caused by the presence of an extra 
X chromosome in a phenotypic male (47,XXY) and occurs in 
approximately 1 in 500 to 1 in 1000 males. If Klinefelter 
syndrome is detected prenatally, it is usually by chance, when 
an amniocentesis is being done for other reasons. There are no 
expected fetal anomalies in Klinefelter syndrome and most 
cases are not diagnosed in infancy. The diagnosis may be 
suspected in a boy with tall thin body habitus and mild 
learning disabilities. Testicular size is usually normal in 
prepubertal boys. However, boys with Klinefelter syndrome 
fail to go through puberty normally and eventually have small, 
firm testes and relatively hypoplastic external genitalia. They 
are usually sterile, and the diagnosis is sometimes made in an 
adult infertility or urology clinic. 


47, XXX Syndrome 

This chromosome abnormality is thought to occur in 1 in 
1000 women, although the true incidence may be higher. 
Many cases are probably never ascertained because of the mild 
nature of the associated signs and symptoms. There is no 
recognizable phenotype, except perhaps tall stature and mild 
learning problems. Fertility is normal and the risk of sex 
chromosome aneuploidy in the offspring of an affected 
woman appears to be low. 


47, XYY Syndrome 

This chromosome abnormality is also fairly common, 
occurring in about 1 in 800 men. Again, there is no definite 
phenotype except taller than expected stature, slightly long 
facies and long digits. Most individuals have normal 
intelligence, but there have been reports of personality 
disorders and antisocial behavior. The incidence may be 
underestimated due to the nonspecific phenotype. This 
condition is most often diagnosed serendipitously. 


Structural Alterations 

In addition to aneuploidy, in which there is loss or gain of an 
entire chromosome, rearrangements, deletions, or duplications 
of portions of chromosomes can occur. These structural 
alterations can result in either balanced or unbalanced 
chromosome abnormalities. In unbalanced abnormalities, there 
is missing and/or additional chromosome material, which often 
causes multiple birth defects and developmental problems. 
Balanced chromosome abnormalities involve rearrangements of 
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the chromosomes without loss or gain of chromosome material 
and are usually found in normal individuals. 

One frequent cause of structural alteration is a transloca- 
tion. There are two basic types of translocations. A reciprocal 
translocation occurs when two chromosomes break and the 
pieces exchange places (Fig. 10). The resulting abnormal 
chromosomes are called “derivative chromosomes.” If the 
reciprocal translocation is balanced, the individual is usually 
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Figure 10 Reciprocal translocation between chromosomes 3 and 21. The 
break points on the long arm of each chromosome are indicated by the wavy 
line. Source: From Ref. 6. 
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normal. Translocations such as these are found in approxi- 
mately 1 in 500 normal individuals in the general population 
and are usually never detected. However, if a parent carries a 
balanced translocation and passes only one of his or her 
derivative chromosomes to an offspring, along with the other 
normal chromosomes, the child will have an unbalanced 
chromosome complement and will likely have multiple 
problems as a result (Fig. 11). Inheritance of a derivative 
chromosome in this situation causes a partial duplication 
(partial trisomy) of one chromosome and a partial deletion 
(partial monosomy) of another chromosome. 

In Robertsonian translocations, the satellites of two 
acrocentric chromosomes are lost and the q arms of the 
chromosomes fuse at the centromeres, resulting in a single 
chromosome (Fig. 12). Thus, a carrier of a Robertsonian 
translocation has a total of only 45 chromosomes, but has a 
balanced chromosome complement and is a normal indivi- 
dual. The loss of the satellites poses no problems since these 
regions of chromosome material encode repetitive sequences 
that are not essential. A Robertsonian translocation in a parent 
can result in an unbalanced chromosome abnormality in his or 
her offspring. If the zygote inherits the translocation chromo- 
some along with either one of the parents’ corresponding 
normal chromosomes, the child will have trisomy for that 
chromosome. If the zygote receives the translocation chromo- 
some alone, a normal carrier would be produced. If the zygote 
does not receive the translocation chromosome, and thus has 
one of the single involved chromosomes, a monosomy would 
be produced, which would cause a miscarriage. As previously 
discussed, most autosomal trisomies are lethal. The only 
unbalanced Robertsonian translocations seen in liveborn 
babies with trisomies are in Down syndrome and trisomy 
13. Other trisomies for acrocentric autosomes, such as trisomy 
14, trisomy 15, or trisomy 22 are lethal abnormalities and 
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Figure 11 Meiotic segregation in a reciprocal translocation involving chromosomes 3 and 21. Source: From Ref. 6. 
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would cause miscarriages. The most frequent Robertsonian 
translocation encountered in the general population is a 13314 
translocation, followed in frequency by a 14;21 translocation 
(22). The former would place a carrier at high risk for having a 
child with trisomy 13, while the latter would result in a high 
risk for trisomy 21, and both would be expected to cause a 
higher risk for recurrent pregnancy loss due to lethal trisomies 
and monosomies. 

Another type of structural abnormality is a deletion, in the 
absence of a translocation. Deletions can be terminal, that is, at 
either end of the chromosome, or interstitial, within the short 
or long arm of the chromosome. As can be imagined, there is 
an almost infinite number of possible deletions that can occur 
as a result of accidents during meiosis. However, some specific 
deletions are seen more frequently. One such relatively 
common terminal deletion is 5p- or cri du chat syndrome. 
Cri du chat syndrome is associated with microcephaly and 
mental retardation in all cases, congenital heart defects in 
about 30%, and craniofacial dysmorphic features, including a 
round face, epicanthal folds, hypertelorism, and dysplastic ears 
(19). Newborns with cri du chat syndrome have a mewing or 
cat-like cry, for which the syndrome was named. Another 
fairly frequent terminal deletion is 4p- or Wolf—Hirschhorn 
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syndrome, a disorder associated with mental retardation, 
growth deficiency, and distinctive craniofacial dysmorphic 
features. Patients with Wolf—Hirschhorn have microcephaly, a 
prominent glabellar region, hypertelorism, strabismus, cleft lip 
and/or palate, and micrognathia (19). They may have 
associated cardiac, renal, and genital anomalies. These types 
of deletions are usually visible on routine karyotype analysis 
due to their large size. However, deletions can obviously vary 
widely in size; some are too small to be seen on routine studies 
and will require FISH analysis or chromosome microarray 
analysis to be detected. 

There are an increasing number of recognizable microdele- 
tion syndromes (Table 2). For example, Prader-Willi and 
Angelman syndromes are microdeletion syndromes, both 
involving a deletion at 15q11q13. Prader-Willi syndrome is a 
complex disorder associated with hypotonia and failure to 
thrive in early infancy, followed by rapid weight gain after 
about 2 years of age and severe obesity, mental retardation, 
hypogonadism, and craniofacial dysmorphic features. By 
contrast, the Angelman syndrome phenotype is very different, 
even though both syndromes are associated with the same 
microdeletion. Angelman syndrome, also called the “happy 
puppet” syndrome, presents with severe mental retardation, 
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Figure 12 Meiotic segregation in Robertsonian translocation involving chromosomes 14 and 21. Source: From Ref. 6. 


Table 2 Microdeletion Syndromes 


Syndrome Clinical features Chromosome deletion 
Alagille Cholestasis, pulmonary atresia, vertebral anomalies, dysmorphic facial features 20p11.23-p12.2 
Angelman Mental retardation, seizures, ataxic gait 15q11.2q13 
DiGeorge/velocardiofacial Characteristic facies, cleft palate, heart defect, thymic hypoplasia 22q11.2 
Langer—Giedion Characteristic facies, sparse hair, exostoses, mental retardation 8q24 
Miller—Dieker Lissencephaly, characteristic facies 17p13.3 
Prader-Willi Mental retardation, obesity, short stature, hypotonia, hypogonadism 15q11.2q13 
Smith—Magenis Dysmorphic facies, sleep disturbance, mental retardation, self-destructive behavior 17p11.2 
Williams Mental retardation, supravalvular aortic stenosis, characteristic facies 7q11.23 
Retinoblastoma Eye tumor 13q14 

Wilms tumor/aniridia Mental retardation, aniridia, Wilms tumor, genital defects 11p13 
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Figure 13 Two unrelated boys with Williams syndrome. Note epicanthal folds, upturned nose, and wide mouth with full lips. Source: From Ref. 25. 


seizures, ataxia, and inappropriate laughter. It is now known 
that genomic imprinting is responsible for the phenotypic 
differences between these two syndromes. Genomic imprint- 
ing implies that maternally and paternally derived genetic 
information at the same locus is not identical and interchange- 
able, at least for some portions of the genome. In Prader—Willi, 
the deletion always occurs on the paternally derived number 
15 chromosome, resulting in lack of genetic influence from the 
father in this region. About 70% to 75% of Prader—Willi 
patients have such a deletion, while the remainder have no 
visible abnormalities; virtually all of these remaining patients 
have maternal disomy, meaning that they have two copies of 
the mother’s chromosome 15 and neither of the father’s, again 
resulting in lack of paternal genetic influence in this region (1). 
The disomy can be either isodisomy, in which there are two 
identical copies of one of the maternal 15 chromosomes, or 
heterodisomy in which the two copies represent one of each of 
the maternal number 15 chromosomes. The mirror image 
situation exists in Angelman syndrome; if a deletion is found, 
it is always on the maternally derived number 15, and if there 
is no deletion, there is paternal disomy for 15, both cases 
resulting in loss of maternal genetic influence in this region 
of 15 (1). Thus, genomic imprinting of the genes in this area at 
15q11q13 is taking place, since lack of influence from either 
parent can result in two very different syndromes. 

Many other microdeletion syndromes have been identi- 
fied (24). Many of these conditions were well recognized by 
clinical geneticists for years before the microdeletion could be 
detected. With the improvement of cytogenetic technology, 
smaller fragments of missing chromosome material can be 
identified using FISH. Studies in this area have been aided by 
the use of chromosome microarray analysis. Microdeletion 
syndromes have also been referred to as contiguous gene 
syndromes because of the loss of multiple adjacent genes. It is 
understandable that the phenotypes of these patients may vary 
depending on the size of the deletion and the number and 
importance of the deleted genes. One good example of this is 
Williams syndrome, which is readily diagnosed by FISH 
(Fig. 4). Williams syndrome is a well-recognized multiple 


anomaly syndrome characterized by moderate mental retarda- 
tion, craniofacial dysmorphic features, hypercalcemia, and 
cardiovascular abnormalities. Facial features include 
epicanthal folds with periorbital fullness, stellate iris pattern, 
long philtrum, and wide mouth with prominent lips (Fig. 13). 
The cardiovascular abnormalities typically involve supravalv- 
ular aortic stenosis, but other blood vessels, such as pulmonary 
and renal arteries, may be affected. Most cases are sporadic, but 
there is autosomal dominant inheritance in some families. There 
is a separate, clearly autosomal dominant disorder of isolated 
supravalvular aortic stenosis, which is not associated with the 
other features of Williams syndrome. It has been discovered that 
the supravalvular aortic stenosis and other vascular abnormal- 
ities in both of these disorders are due to abnormalities in 
the gene for elastin, which is located on chromosome 7 at 
7q11.23 (26). In the case of Williams syndrome, one copy of the 
elastin gene is deleted, along with other genes in the surrounding 
regions. Williams syndrome patients without deletion of the 
elastin gene do not have arterial disease. Thus, variable 
expression of contiguous gene or microdeletion syndromes can 
be directly related to the extent of the deleted genes, but all 
patients share an overlapping area of involvement. 

In addition to deletions, duplications of chromosome 
material can occur in the absence of a translocation, and 
again there are an increasing number of newly recognized 
microduplication syndromes detectable with the use of 
chromosome microarray analysis. Duplications can be inter- 
stitial, within the body of the chromosome, or terminal, at the 
end of the chromosome. Duplication of a portion of 
chromosome material results in partial trisomy for that 
region. As with deletions, there are an almost endless number 
of possible duplications that could result from errors in 
meiosis during gamete formation. Some of the common 
duplications have been found in regions associated with 
deletions of the same region, including the 22q11.2 
microduplication syndrome at the same locus as the 
DiGeorge/velocardiofacial syndrome deletion (Fig. 14) and 
the 7q11.23 microduplication syndrome at the same locus as 
the Williams syndrome deletion. 
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Figure 14 Array comparative genomic hybridization for 22q11.2 microdeletion and microduplication syndromes. (A) A 3Mb loss of chromosomal material in a patient 
with the 22q11.2 microdeletion syndrome (DiGeorge/velocardiofacial syndrome) is shown on the left and its reciprocal gain in a patient with the 22q11.2 microduplication 
syndrome is shown on the right. (B) Deletion confirmed by metaphase fluorescence in situ hybridization (FISH) analysis, with a single red 22q11.2 signal and two green 
control signals. (C) Duplication confirmed by interphase FISH showing three red signals and two control green signals. Source: From Ref. 7. 


Another type of structural rearrangement is a ring the X chromosome. The seriousness of the effects is related to 
chromosome. A ring occurs when the terminal p and q arms the extent of the deletions produced. 
are deleted and the “sticky ends” anneal to each other. This can Inversions refer to breakage of a chromosome at two 


occur with any chromosome, perhaps most frequently with places with secondary inversion and reinsertion of the 
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Figure 15 Structural abnormalities of chromosomes (see text for details). 
Source: From Ref. 6. 


material back into the same chromosome. If this occurs 
within either the p arm or the q arm, it is said to be a 
paracentric inversion, since the centromere is not affected. If 
it occurs on either side of the centromere, it is a pericentric 
inversion (Fig. 15). Most individuals with inversions are 
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normal. Sometimes, an inversion results in a deletion or 
duplication of chromosome material, leading to phenotypic 
or developmental abnormalities. If a parent has an inversion, 
his or her offspring could have an unbalanced chromosome 
constitution if proper pairing does not occur during meiosis 
and abnormal gametes are formed. If an inversion is present, 
a loop forms during chromosome pairing in meiosis I. 
Recombination, or crossing over, which normally occurs in 
meiosis I, can take place in the loop as well, potentially leading 
to unbalanced gametes. However, normal carriers of para- 
centric and pericentric inversions have different risks of 
producing abnormal offspring. If the inversion is paracentric, 
the unbalanced gametes produced are likely to be acentric or 
dicentric, with a very low chance of resulting in a viable 
liveborn child with a chromosome abnormality. If the 
inversion is pericentric, the centromere is not affected by 
recombination and abnormal gametes with duplication and 
deletion of material distal to the inversion can be produced, 
potentially leading to viable offspring with chromosome 
anomalies. The larger the pericentric inversion, the more likely 
it is that abnormal offspring can be produced, since the 
duplicated or deleted segments are smaller. The overall risk that 
a pericentric inversion carrier will have karyotypically abnor- 
mal children is estimated to be between 1% and 10% (16). 
Finally, isochromosomes result from loss of either the p arm 
or the q arm of a metacentric or submetacentric chromosome, 
with duplication of the remaining arm, thus causing trisomy for 
the p or q arm of a pair of chromosomes and monosomy for the 
opposite arm. This is seen most commonly in some cases of 
Turner syndrome, when the X chromosome is involved. 
Isochromosomes for the autosomes would be expected to 
cause very severe and likely lethal abnormalities in most cases. 


Chromosome Abnormalities in Spontaneous Abortions 
Chromosomes examined from products of conception from 
pregnancy losses at various stages of gestation show an 
exceptionally high rate of chromosomal abnormalities. In fact, 
as many as 10% to 15% of early embryos have a chromosome 
abnormality, usually leading to a spontaneous pregnancy 
loss (27). Approximately 50% to 60% of spontaneous 
abortions are caused by a chromosome anomaly in the 
embryo or fetus (28). At the time of live birth, approximately 1 
in 150 newborns is chromosomally abnormal. Thus, as stated 
by John Opitz, “it seems established that most of, ‘humanity’ 
dies before, rather than after birth, and that perhaps only 
a third survive from the earliest beginnings till [sic] 
birth...” (29). The most frequent abnormalities seen are 
autosomal trisomies (52%), especially trisomy 16 (15%), 
trisomy 13, 18, and 21. 45,X accounts for 18% of abnormalities 
and triploidy is found in 17% (30). There is a steady loss of 
these abnormal pregnancies throughout the first trimester. By 
20 weeks, the incidence has fallen to 27 in 1000 or 2.7%, and 
by full term, the incidence is 6 in 1000 or 0.6% (28). 

In the vast majority of cases, the occurrence of a 
chromosomally abnormal pregnancy with spontaneous abor- 
tion does not increase the risk of recurrence in a future 
pregnancy. A general rule of thumb is that products of 
conception should be evaluated by karyotype analysis on the 
third pregnancy loss. Parental blood chromosomes should also 
be analyzed at this point, looking for a balanced translocation in 
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Table 3 Common Single-Gene Disorders 


Disease 


Autosomal dominant 
Adenomatous 

polyposis coli 
Adult polycystic 

kidney disease 
Familial hyper- 

cholesterolemia 
Hereditary nonpolyposis 

colorectal cancer 
Huntington disease 
Marfan syndrome 
Myotonic dystrophy 
Neurofibromatosis type I 
Osteogenesis imperfecta 
Autosomal recessive 
Al-Antitrypsin deficiency 
Cystic fibrosis 
Hemochromatosis 
Phenylketonuria 
Sickle cell disease 
Tay-Sachs disease 
Thalassemia 


X-linked 

Duchenne muscular 
dystrophy 

Fragile X syndrome 

Hemophilia A 

Color blindness 

Glucose 6-phosphate 


Incidence 


1 in 6000 
1 in 1000 
1 in 500 
up to 1 in 200 


1 in 20,000 

1 in 10,000 to 1 in 20,000 
1 in 7000 to 1 in 20,000 
1 in 3000 to 1 in 5000 

1 in 10,000 to 1 in 15,000 


1 in 2500 to 1 in 10,000 Caucasians 

1 in 2000 Caucasians 

1 in 5000 

1 in 10,000 to 1 in 20,000 

1 in 400 African-Americans 

1 in 3000 Ashkenazi Jews 

1 in 50 to 1 in 100 Asians and in 
Mediterranean populations 


1 in 3500 males 


1 in 1200 males; 1 in 2500 females 
1 in 10,000 males 

8% of males 

10-15% of African-American males 


dehydrogenase deficiency 


one of the partners. A translocation is found in approximately 
5% to 10% of couples with recurrent miscarriages (31). 


MENDELIAN INHERITANCE 

In 1865, an Austrian monk named Gregor Mendel published 
his now-famous treatise on the inheritance of characteristics in 
garden peas, leading eventually to the modern study of genes 
and inheritance, including human genetic disorders. However, 
Mendel’s original work was largely ignored during his lifetime. 
In fact, his contemporary, Charles Darwin, apparently never 
knew of Mendel’s research and hypotheses. Mendel’s work was 
“rediscovered” at the beginning of the 20th century. In 1902, 
Archibald Garrod reported the first known human Mendelian 
disorder, alkaptonuria. Over the last century, thousands of 
human single-gene traits and disorders have been described 
(Table 3). These conditions were catalogued over many years 
by Victor McKusick in his Mendelian Inheritance in Man and 
now in an online version OMIM (Online Mendelian 
Inheritance in Man) (3). 

Since humans have two copies of each chromosome, we also 
have two copies of each gene. Alternative forms of the same 
gene are called “alleles.” Each chromosome contains hundreds 
of different genes. At the time of conception, we inherit one of 
each pair of genes from our mother and the other of each pair 
from our father. Thus, we receive an equal amount of genetic 
information from each parent. 

There are four basic inheritance patterns of human single- 
gene disorders. These include autosomal dominant and 
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Figure 16 Autosomal dominant inheritance. Both males and females are 
affected and there is male-to-male transmission of the disorder. Source: 
From Ref. 25. 


autosomal recessive inheritance, in which the mutant gene is 
on an autosome, and X-linked dominant and X-linked 
recessive inheritance, in which the mutant gene is on the 
X chromosome. Individuals can be heterozygous for a given 
gene, meaning that they have two different forms, or alleles, of 
the gene at the same locus on each of the two different 
chromosomes. Individuals can also be homozygous for a gene, 
in which the two alleles are identical. Males are said to be 
hemizygous with respect to genes on the X chromosome, since 
they have only one copy of the X. 

In autosomal dominant genetic disorders, only one copy 
of a mutant allele is necessary for expression of the disease 
(Fig. 16). Thus, heterozygotes will be affected. The risk of 
passing on the mutation to an offspring is 50% for each 
pregnancy. Vertical transmission of the disorder is seen on 
pedigree analysis, and the condition can often be traced back 
many generations. However, there are certain caveats to keep 
in mind when evaluating autosomal dominant disorders. First, 
there is a high degree of variability of expression of dominant 
conditions. Even within the same family, some individuals 
may be severely affected while others may have very mild and 
medically insignificant features. Thus, thorough review of 
medical histories and physical examinations on multiple 
family members are often parts of a genetic evaluation. 
Second, there may be reduced penetrance of a dominant 
disorder. Thus, a heterozygote may not show any manifesta- 
tions of the mutant gene after a complete medical evaluation. 
Finally, many autosomal dominant disorders have a high new 
spontaneous mutation rate and a dominant condition may 
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Figure 17 Autosomal recessive inheritance. Note that both parents must be carriers and the affected offspring may be male or female. Source: From Ref. 25. 


appear de novo in an isolated individual in a pedigree. 
However, once present, it can be passed on to subsequent 
generations. In general, abnormal genes in autosomal 
dominant disorders likely encode structural proteins, such as 
collagen, which is abnormal in osteogenesis imperfecta, or 
fibrillin, which is mutant in Marfan syndrome. 

In autosomal recessive conditions, two copies of a mutant 
allele are necessary for expression, and only homozygotes will 
be affected (Fig. 17). Heterozygotes for recessive genes are 
usually normal and do not have any manifestations of the 
disease, but they are carriers. Autosomal recessive disorders 
manifest only if both parents are carriers of the same mutant 
gene and the offspring receives one mutant allele from each 
parent. Individuals with autosomal recessive disorders are 
often compound heterozygotes, meaning that they have two 
different mutant alleles of the same gene, resulting in 
expression of the disorder. Recurrence risk for a recessive 


disorder is 25% for each pregnancy. There is a 25% chance of 
having a normal noncarrier child and a 50% chance of having 
a carrier child. Pedigree analysis usually does not reveal other 
affected family members outside of the nuclear family group, 
unless there is consanguinity. The incidence of an autosomal 
recessive disorder in a population is related to the frequency of 
heterozygotes. The carrier rate for some conditions is high, 
while it is very low for others. Recessive conditions have a 
higher incidence in isolated or inbred populations. Recessive 
disorders show little variation in expression among affected 
members within a pedigree, although there may be inter- 
familial variation due to different mutant alleles. In general, 
recessive disorders more likely involve genes that encode 
enzymes or molecules important in cellular functions. 
Examples include inborn errors of metabolism caused by 
enzyme deficiencies, hemoglobinopathies, and defects in 
cellular membrane transport mechanisms, as in cystic fibrosis. 
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Figure 18 X-linked recessive inheritance. Males can be affected in multiple generations and they inherit the trait from their mothers. Source: From Ref. 25. 


X-linked recessive conditions are caused by mutations exceptions to these rules. For example, if the X-inactivation 
in genes on the X chromosome. Since males are hemizygous process results in a larger proportion of active X chromosomes 
for X-linked genes, they will express such mutations, while carrying the mutant allele, a female may show expression or 
females with a mutant recessive gene on one X chromosome partial expression of the disorder. In X-linked dominant 


will be carriers with a normal phenotype (Fig. 18). There are conditions, only one copy of the mutant allele is needed for full 
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Figure 19 X-linked dominant inheritance. Males and females are affected, but male-to-male transmission does not occur. 


expression of the disorder (Fig. 19). In this situation, males 
and females are both affected, but males will show much more 
severe manifestations than females, or the mutation may even 
be lethal in males. 

There are fewer Y-linked genes known at this time. The 
most recent update on OMIM lists 59 genes identified 
on the Y chromosome, including the SRY gene, which is 
involved in male sex determination (3). Y-linked, or holandric, 


conditions, such as maleness itself, are passed exclusively from 
father to son. 


MULTIFACTORIAL AND POLYGENIC INHERITANCE 

In multifactorial inheritance, it is postulated that genetic 
influences from both parents, in combination with environ- 
mental factors, lead to a specific birth defect or disorder. 
In polygenic inheritance, multiple genetic influences in 
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Table 4 Multifactorial Disorders 


Disorder Incidence 


Congenital malformations 

Cleft lip with/without cleft palate 
Cleft palate 

Club foot 

Congenital heart defects 

Neural tube defects 

Pyloric stenosis 

Adult diseases 

Alcoholism 


1 in 500 to 1 in 1000 
1 in 1000 

1 in 1000 

1 in 200 to 1 in 500 
1 in 500 to 1 in 1000 
1 in 300 


1 in 10 to 1 in 20 


Alzheimer’s disease 1 in 10 

Bipolar affective disorder 1 in 100 to 1 in 200 
Cancer 1 in 3 

Diabetes (types I and II) il on 10) 

Coronary artery disease 1 in 3 to 1 in5 
Schizophrenia 1 in 100 


combination act together to produce a disorder. Examples of 
birth defects with multifactorial inheritance include isolated 
congenital heart defects, cleft lip with or without cleft palate, 
cleft palate, neural tube defects, pyloric stenosis, and 
congenital dislocation of the hips (Table 4). In multifactorial 
disorders, there is no evidence to suggest simple Mendelian 
inheritance. For example, the defect does not necessarily 
appear in sequential generations of a family, as would an 
autosomal dominant condition due to a single-gene mutation. 
However, there may be clustering of the defect in more than 
one member of a pedigree. The appearance of multifactorial 
disorders has been explained by a threshold model in which 
certain genes present in an individual, along with prenatal 
environmental factors, accumulate toward a threshold. If an 
individual has enough of these genes and factors, a threshold 
will be crossed and the defect will appear (32). 

Multifactorial disorders often show an increased incidence 
in one sex or the other. Pyloric stenosis is much more 
common in males, while dislocation of the hips is more 
common in females. These sex differences have been explained 
by a shift in the threshold depending upon the sex. 

Once a couple has had a child with a multifactorial 
condition, the risk of having a second child with the same 
disorder is increased over the background population risk. 
Recurrence risk figures can be estimated for a given defect 
based on population studies. For example, the incidence of 
cleft lip with or without cleft palate is 1 in 700 to 1 in 1000 
newborns. This risk increases to approximately 4% or 1 in 25 
after a family has had one child with cleft lip, representing a 
40-fold increased risk. However, the risk is still relatively small, 
with a 96% chance of having a normal child. 

The exact environmental factors contributing to multi- 
factorial conditions remain unknown in most cases. 
Regional factors must play a role, since it is well known 
that some areas of the world have a markedly increased risk 
for certain defects. For example, the incidence of neural tube 
defects is approximately 1 in 1000 in the general population, 
but in parts of Great Britain, especially Ireland and Wales, 
the rate is as high as 7 to 9 in 1000 births (1). Genetic 
influences must also play a role, since immigrants from these 
areas to other parts of the world still have a somewhat 
higher rate of neural tube defects (1). However, other 
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Table 5 Diseases Caused by Mitochondrial DNA Mutations 


Kearns-Sayre disease, due to large mtDNA deletion 

Leber hereditary optic neuropathy, due to G3460A, G11778A, or 
114484C mutation in complex I subunits 

Leigh syndrome (subacute necrotizing encephalopathy), due to 
T8993G or C mutation in complex V in 10% of cases 

Mitochondrial encephalopathy, lactic acidosis, and stroke-like 
episodes, due to A3243G or T3271C mutations in Leucine tRNA 

Mitochondrial myopathy, due to mutations in various mt-tRNA 
genes 

Myoclonic epilepsy and ragged-red fiber disease, due to A8344G 
in Lysine tRNA 

Neurogenic muscle weakness, ataxia, and retinitis pigmentosa, 
due to T8993G or C mutation in complex V 


environmental variables such as diet must also be important. It 
has been shown that folic acid consumption in the diet of 
pregnant women can significantly reduce the recurrence risk of 
neural tube defects in subsequent pregnancies. The current 
recommendation by the Centers for Disease Control states that 
all women of childbearing age who are capable of becoming 
pregnant should consume 400 mg of folic acid per day (33). All 
women who have had a previous child with a neural tube 
should take 4mg of folic acid per day, beginning 2 to 3 months 
prior to conception and continuing for the first 3 months of 
gestation (34). Flour and other grain products are now 
supplemented with folic acid in the United States to ensure 
proper intake for all women, since it is difficult to obtain more 
than 200mg of folic acid a day from a typical American diet. 


MITOCHONDRIAL INHERITANCE 

There are an increasing number of recognized human 
genetic disorders caused by mutations in the mitochondrial 
genome (Table 5) (35). Within the cytoplasm of each cell 
are several hundred mitochondria, which are involved in 
energy production for the cell. Each mitochondrion has 
multiple copies of its own circular DNA (mtDNA), which 
is 16.5Mb in size, encoding 37 genes for tRNA, rRNA, and 
some of the enzymes of oxidative phosphorylation. Because 
mtDNA is cytoplasmic in location, inheritance is exclu- 
sively maternal. Sperm contain very few mitochondria and, 
therefore, both males and females inherit essentially all of 
their mtDNA from their mothers. There is variable 
expression of mitochondrial disorders due to heteroplas- 
my; this term refers to the variability of the proportion of 
mutant mtDNA within each cell. The proportion of 
abnormal mtDNA at the somatic level may change over 
time due to replicative segregation. This can account for 
the apparent degenerative nature of these disorders noted 
clinically, which corresponds to an increase in the 
percentage of abnormal mitochondria (36,37). A woman 
who has a mitochondrial DNA disorder will pass it on to 
all of her offspring. However, because of the highly variable 
expression of these conditions, not all offspring would be 
expected to be affected to the same degree. Offspring of 
men with mitochondrial DNA disorders cannot inherit the 
condition because all mitochondria originate from the 
mother. It is important to remember that there are also 
many disorders associated with mitochondrial dysfunction 
that are inherited in a Mendelian fashion, since most 
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proteins active within the mitochondria are encoded by 
nuclear DNA genes. 


COMMON METABOLIC DISORDERS 

Inborn errors of metabolism are due to enzyme deficiencies 
that cause abnormal elevations of intermediary compounds of 
biochemical pathways in tissues and body fluids, with resultant 
medical problems. Most have an autosomal recessive inheri- 
tance pattern, but a few are X-linked recessive disorders. There 
are several hundred known inborn errors of metabolism, most 
of which are very rare (38). However, they are collectively 
common and affect about 1 in 1000 newborns. 

One of the most common metabolic disorders is the 
autosomal recessive aminoacidopathy phenylketonuria 
(PKU), which has an incidence of 1 in 10,000 to 1 in 15,000 
newborns (38). It is caused by a deficiency of the enzyme 
phenylalanine hydroxylase, which normally converts pheny- 
lalanine to tyrosine. Patients with PKU have elevated blood 
levels of phenylalanine and excretion of phenylketones in the 
urine. If left untreated, affected individuals will develop 
microcephaly and profound mental retardation due to the 
toxic effects of the elevated compounds. However, if diagnosed 
within the first few weeks of life, with institution of a low 
phenylalanine diet, mental retardation can be prevented. PKU 
is the first genetic disorder for which there has been 
generalized population screening. Since the 1960s, all new- 
borns in the United States have been tested for the disorder. 
This has nearly eliminated PKU as a cause for mental 
retardation. However, a new problem has emerged; women 
who were allowed to stop the dietary restriction of phenyla- 
lanine after age 6 years are now of childbearing age. The 
elevated blood level of phenylalanine in a pregnant PKU 
woman has deleterious effects on the developing fetus, with 
increased risk for spontaneous pregnancy loss, congenital heart 
defects, severe microcephaly, and mental retardation. There- 
fore, the PKU diet must be reinstituted prior to conception 
and continued throughout pregnancy. New guidelines state 
that all people with PKU should remain on the diet for life. 

The United States and most developed countries of the 
world perform newborn screening for many inborn errors of 
metabolism, endocrine disorders including hypothyroidism 
and congenital adrenal hyperplasia, cystic fibrosis, hemoglo- 
binopathies, and hearing loss. All states now have significantly 
expanded newborn metabolic disease screening, largely due to 
the development of tandem mass spectrometry methods to 
detect many amino acid disorders, organic acid disorders, and 
disorders of fatty acid oxidation. For most of these disorders, it 
has been shown that early diagnosis in the newborn period can 
significantly reduce morbidity and mortality. As mentioned 
above for PKU, institution of dietary restriction of phenyla- 
lanine before 1 month of age can prevent mental retardation. 
For other inborn errors of metabolism, such as fatty acid 
oxidation defects, maple syrup urine disease and galactosemia, 
illness, mental retardation, and even death can be prevented by 
early detection and treatment. 


POPULATION SCREENING FOR GENETIC DISEASE 

Screening tests are a routine part of medical care, with the goal 
of early identification and treatment of specific and common 
diseases. For genetic diseases, population screening involves 
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not only affected individuals, but also additional family 
members. Screening for genetic disease has been defined as 
the “search in a population for persons possessing certain 
genotypes that (i) are already associated with disease or 
predisposition to disease or (ii) may lead to disease in their 
descendants” (39). As outlined in the previous section, 
newborn screening for metabolic diseases exemplifies the first 
type of screening, which will result in proper identification of 
infants with these disorders and institution of treatment. 
Other examples include presymptomatic genetic testing for 
Huntington disease, breast cancer, or colon cancer. 

The second type of screening includes testing of targeted 
ethnic or racial populations to identify carriers of genetic 
disease. Examples are cystic fibrosis in Caucasians, Tay—Sachs 
disease in Ashkenazi Jews, and hemoglobinopathies in 
African-Americans (10). On a smaller scale, genetic screening 
can involve karyotype analysis on family members at risk for 
having a chromosome translocation. Carrier testing is also 
available for women who are at risk to be carriers for X-linked 
disorders such as Duchenne muscular dystrophy or Fragile X 
syndrome. This type of population screening will not affect the 
health of the carrier, but will have a significant impact on 
reproductive choices for the family. It is essential that 
appropriate genetic counseling accompany the information 
given regarding carrier status. 


GENETIC COUNSELING 

Genetic counseling is an important part of the practice of 
medical genetics. The field of genetics is unique in that a 
diagnosis of a genetic disorder in an individual has an impact 
on his or her entire family. Multiple family members and their 
present or future offspring may be at risk for the genetic 
disorder as well. Genetic counseling involves the explanation 
of the manifestations of the disorder, the natural history and 
treatment, the inheritance pattern, the risks of recurrence, and 
the methods of prenatal and postnatal diagnosis. The genetic 
counselor also helps the family make the best possible 
adjustment to the disorder and the risks of recurrence. This 
often involves referral to a support organization through 
which the family can make contact with other affected 
individuals. The vast majority of genetic counselors and 
clinical geneticists seek to provide nondirective counseling, 
whereby information about the disorder and the recurrence 
risk is given in an unbiased and neutral way, and the family 
makes decisions about reproductive options in accordance 
with their own beliefs and values. 

Reasons for referral for genetic counseling include a family 
history of a known or suspected single-gene disorder, 
chromosomal disorder, or multifactorial condition, carrier 
status for a genetic disease, consanguinity, advanced maternal 
age during pregnancy, abnormal screening tests during 
pregnancy, repeated pregnancy loss or infertility, or teratogen 
exposure during pregnancy. 

In the prenatal clinic setting, the genetic counseling session 
often precedes any diagnostic testing. During the session, the 
family history is reviewed in detail, as well as the reasons for 
referral, the information obtainable by the prenatal testing, 
and the risks of the procedure. If fetal abnormalities are 
detected, then additional counseling sessions may be required 
to explain the findings to the family and to discuss options for 
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pregnancy management. If special care or surgery will be 
needed for the baby immediately after birth, the genetic 
counselor and the obstetrician may help arrange meetings with 
the appropriate surgeons or pediatric specialists so that the 
family is optimally prepared. For cases that are likely to be 
lethal, it is best to introduce the idea of a postmortem 
examination before the birth of the baby. In the event of death, 
a complete autopsy is recommended to search for additional 
anomalies and to confirm the diagnosis. This helps ensure that 
accurate genetic counseling, especially with respect to 
recurrence risk, can be provided in subsequent pregnancies. 


MOLECULAR GENETICS 

Genes are the basic units of inheritance. As mentioned 
previously, there are several thousand single-gene diseases with 
a known molecular genetic cause, representing only a fraction 
of the estimated total 20,000 to 25,000 genes in the human 
genome. Over the past 5 to 10 years, there has been a dramatic 
increase in the number of identified, cloned, and sequenced 
disease genes. With this new knowledge has come increased 
availability and demand for both prenatal and postnatal 
molecular genetic testing. Molecular genetic testing is done for 
diagnostic purposes to confirm the presence of a disorder, as 
well as to identify conditions presymptomatically. 

Genes are composed of deoxyribonucleic acid (DNA) and 
are contained on the chromosomes. Each strand of DNA has a 
specific sequence of four nucleotides, each containing a 
different base, adenine, thymine, cytosine, or guanine. 
Adenine pairs with thymine and cytosine pairs with guanine 
as two complementary strands of DNA are wound together to 
form a double helix. Genes have a common basic structure 
(Fig. 20). First, there are upstream sequences that regulate 
transcription, known as promoters and enhancers. Then, there 
is a transcription initiation site, followed by a series of 
alternating exons and introns. The DNA sequence serves as a 
template from which messenger RNA (mRNA) is made; this 
process is known as transcription. As transcription proceeds, a 
primary mRNA is made from the DNA sequence of the gene, 
which includes the introns. The intron sequences are then 
spliced out and the exons are linked together to form the 
mature mRNA molecule. Thus, the exons are the only portions 
of the gene that specify the final protein product. The mature 
mRNA molecule is used to make the protein product by the 
process of translation. Groups of three nucleotides, called 
codons, code for specific amino acids. Transfer RNA (tRNA) 
and ribosomal RNA (rRNA) interact with the mRNA to 
assemble the amino acids into a polypeptide chain to form the 
final protein molecule. 


> 


Source: From Ref. 40. 


Errors in the sequence of nucleic acids of the DNA produce 
mutations in genes and often lead to genetic diseases. There are 
a variety of different kinds of mutations that can occur in 
genes. Some result in genetic disorders, while others may have 
no detrimental effect. The most common type of mutations 
include missense (single amino acid change), nonsense 
(insertion of stop codon with premature termination of 
translation), frameshift (insertion or deletion of nucleotides 
that alters downstream codons), splice site (incorrect splicing 
of introns), and promoter mutations (decreased transcription 
of mRNA). An expansion mutation occurs when there is 
insertion of many extra copies of a trinucleotide repeat; 
examples of disorders with this type of mutation are fragile X 
syndrome, Huntington disease, and myotonic dystrophy. 

Diagnosis is possible for many genetic disorders using 
molecular genetic techniques. Genomic DNA can be obtained 
from peripheral blood leukocytes, solid tissues, or cultured 
cells. Testing can be accomplished by either direct mutation 
analysis or by linkage analysis (Fig. 21). In linkage analysis, 
information about nondisease producing variation, or poly- 
morphisms, such as restriction fragment-length polymorph- 
isms, variable number of tandem repeats, or microsatellite 
repeat polymorphisms, can trace inheritance of a chromosome 
containing a disease-producing gene through a family. 
This method of testing has disadvantages. First, multiple 
family members are needed to establish the phase of linkage. 
Second, some families may not be informative for some linked 
markers. Third, recombination between the marker and the 
disease gene may occur, causing inaccuracies in the test results. 

In direct DNA testing, the disease gene must have been 
isolated and disease-producing mutations are identified. 
Specific mutations can then be sought by a variety of methods. 
Segments of DNA from the gene of interest is amplified by 
(PCR) polymerase chain reaction and then sequenced, or 
deletions or rearrangements of the gene can be identified by 
Southern blotting. Direct testing is advantageous, since it is 
likely to be more accurate than linkage analysis, and a single 
individual can be tested without requiring family information. 
For example, molecular genetic testing for sickle cell disease is 
highly accurate, since all affected individuals have the same 
missense mutation at position six of the beta-globin chain, 
which results in a substitution of valine for glutamic acid. This 
point mutation results in a loss of one MstII restriction 
enzyme site in the mutant gene, making direct DNA diagnosis 
very straightforward. For other genetic disorders characterized 
by a number of common mutations, such as cystic fibrosis, 
allele-specific oligonucleotide probes (ASOs) of 18 to 20 
nucleotides in length complementary to known normal and 


43.20 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


©- 


Locus 2 B b 
(J e 

NFI D d 
Locus 1 A a 


noo 


B B 

(J (J (J (J e (J 
D D d d d D 
A A a a a A 


Figure 21 Linkage of the gene for neurofibromatosis 1 to a marker locus. The mother (I-1) is affected with this dominant disease and is heterozygous at the NF1 
locus (Dd), as well as at two other loci, 1 and 2, on chromosome 17. She carries the A and B alleles on the same chromosome as the mutant NF1 allele (D). The 
unaffected father is homozygous normal (dd) at the NF1 locus, as well as at the two marker loci (AA and BB). All three affected offspring have inherited the A allele 
at marker 1, whereas the three unaffected offspring have inherited the a allele. Thus, all six offspring are nonrecombinant for NF1 and marker locus 1. However, 
individuals II-1, Il-3, and II-5 are recombinant for NF1 and marker locus 2, indicating that meiotic crossing over has occurred between these two loci. Source: 


From Ref. 40. 


mutant DNA sequences can be devised. ASOs are then 
hybridized to patient DNA samples to identify homozygotes or 
heterozygotes for specific mutations. Thus, a panel of ASOs for 
the most common mutations seen in a disorder can be used to 
rapidly screen patient DNA samples. For disorders in which 
there are no common mutations or when common mutations 
have been ruled out, the entire gene can be sequenced to look 
for rare or new disease-causing mutations. In the future, 
identification of the molecular basis for genetic defects or 
syndromes may be achieved by exome sequencing, in which all 
of the exons in the genome are sequenced to identify 
mutations in candidate genes, or by whole genome sequen- 
cing. Up-to-date information about genetic disorders for 
which molecular genetic testing is clinically available can be 
found at the GeneTests website (http://www.ncbi.nlm.nih.gov/ 
sites/GeneTests/?db=GeneTests). 


TREATMENT OF GENETIC DISEASES 
With the isolation of disease genes and an increasingly better 
understanding of the molecular genetic bases for many 
disorders, it has become feasible to consider treatments and 
potentially cures for genetic disease (41). 

Gene therapy involves insertion of normal copies of genes 
into individuals who have genetic diseases. This can potentially 
be accomplished by either somatic cell or germ cell gene 
therapy. Most work thus far has focused on somatic cell 
gene therapy. There are two ways to approach somatic 
cell gene therapy. Ex vivo gene therapy involves removing a 
patient’s cells from the body, inserting the normal gene copy 
into the cells, and then returning the cells to the body. In in 
vivo gene therapy, cells are treated while inside the patient’s 
body. For successful gene therapy, the cell requiring treatment 
must be easily accessible and relatively long-lived. Some of the 
earliest human gene therapy trials were performed for severe 
combined immune deficiency due to adenosine deaminase 
deficiency, using bone marrow stem cells. Other cells under 
consideration for therapy have included lymphocytes, hepa- 
tocytes, muscle cells, and respiratory epithelial cells. More 


recently, gene therapy for Leber’s congenital amaurosis has 
been accomplished by replacement of the defective gene locally 
to the retina of the eye. Types of genetic diseases that are 
amenable to somatic cell gene therapy are primarily autosomal 
recessive or X-linked disorders that result in almost total lack 
of normal protein. Reconstitution of even 5% to 10% of 
normal protein levels appears to be sufficient to treat these 
diseases. Dominant disorders that are caused by heterozygosity 
for mutant and normal genes (dominant-negative mutations) 
are not likely to be treatable by gene replacement; methods to 
block production of the mutant protein will be required. 

In conditions associated with an enzyme deficiency, methods 
have been developed to provide systemic delivery of the missing 
enzyme to the patient. Enzyme replacement therapy for 
lysosomal storage diseases, such as Gaucher disease, Fabry 
disease, Hurler syndrome, and Pompe disease, has been very 
successful. Enzyme replacement therapy for other enzyme 
deficiency disorders is under development. Another approach 
has been to decrease the substrate for the deficient enzyme by 
giving a drug that inhibits an upstream enzyme in the pathway, 
thus decreasing accumulation of the toxic compound. This type 
of drug treatment has been approved for Gaucher disease and is 
being developed for other conditions. 

With the elucidation of the molecular genetic pathways 
involved in certain genetic disorders, it has been possible to devise 
new uses for FDA-approved drugs. Examples of this include the 
experimental use of farnesyltransferase inhibitors in progeria, a 
premature aging syndrome, and an angiotensin II type 1 receptor 
antagonist for treatment of the dilated aortic root in Marfan 
syndrome. Pharmacologic chaperones are also being developed 
to help stabilize mutant proteins and enhance residual activity. 

Finally, methods for manipulating the expression or splicing 
of mutant genes are being investigated. Drugs that induce 
read-through of a stop codon during translation of a mutant 
gene can result in increased expression of full-length protein. 
This approach has been tried experimentally with cystic 
fibrosis and Duchenne muscular dystrophy. In other studies, 
antisense oligonucleotides have been used to induce skipping 
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during mRNA splicing of exons that contain mutations; this 
approach will produce a smaller protein, but one that might 
retain some residual function. This method of therapy has 
been investigated for Duchenne muscular dystrophy. It is 
anticipated that more such opportunities will become available 
in the future for targeted therapy of the disease manifestations 
of genetic disorders. 
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44 Principles of teratology of drugs and radiation 


Frank R. Witter 


Teratology is the study of birth defects. In this chapter, the 
potential of drugs and radiation to produce birth defects in 
humans will be explored. Wilson (1) has estimated that of all 
human malformations, less than 1% are due to radiations and 
4% to 6% are due to drugs and environmental chemicals. 

Whether an agent produces a teratogenic effect is dependent 
on the timing of the insult. The teratologic literature is usually 
reported in post-conception weeks. Clinical dating is always 
2 weeks greater than post-conception dating as it is based on 
the patient’s last menstrual period or ultrasound measure- 
ments, which are reported in menstrual weeks. To avoid 
confusion, all timing of teratogenic exposure will be discussed 
in menstrual weeks. The conceptus is relatively resistant in the 
first 2 weeks of its existence (menstrual weeks 3 and 4) when 
either no effect or loss of the pregnancy is the major outcome 
of exposure to teratogenic agents. During this time period, the 
embryo has sufficient reparative powers, if not destroyed, 
to recover and few malformations occur. The most likely 
times for chemical teratogenesis are menstrual weeks 5 to 12 
inclusive, which corresponds to the time of major organ 
differentiation. For radiation injury, the most likely times for 
exposure are menstrual weeks 10 to 17 inclusive (2), which 
correspond to the time of maximum neuronal cell proli- 
feration and migration to the cerebral cortex. No gross 
malformations due to radiation have been seen in humans 
without the child exhibiting growth retardation, microcephaly, 
or gross eye malformations. After the time of gestation of 
maximal sensitivity, the effects of teratogens in general are to 
produce growth retardation (3-6). After 27 menstrual weeks, 
based on atomic bomb survivors, there is no proven risk of 
central nervous system effects, specifically severe mental 
retardation from the radiation (7,8). 

The criteria for a human teratogen are listed in Table 1 (9). 
In addition to these criteria, the existence of a dose-response 
relationship supports the contention that an agent is a 
teratogen. Thus, for a teratogen with increasing dose of the 
exposure, there should be an increase in the number or 
severity of defects produced. Also it should produce similar 
defects in experimental animal systems. 


DRUGS AS TERATOGENS 
Drugs that fulfill the criteria for a human teratogen may 
produce their effect directly, indirectly, or through a toxic 
intermediate. Direct-acting teratogens cause damage in their 
native form and require only access to the conceptus to do 
harm. An example of direct-acting teratogens are cytotoxic 
antineoplastic agents, which cause direct cell damage leading 
to cell death, which may result in malformation or pregnancy 
loss. 

Indirect-acting teratogens act by perturbing maternal 
homeostasis to produce damage. Narcotic analgesics are not 


themselves teratogens; however, they can act as indirect 
teratogens when taken in sufficient doses to produce maternal 
hypoxia from respiratory depression. Hypoxia then acts 
directly to produce malformations by causing cell death in 
the developing conceptus. Therefore, by acting to compromise 
maternal respiration, narcotics may act as indirect teratogens. 

Unlike the first two methods by which a drug can act as a 
teratogen, those drugs whose teratogenic potential is expressed 
through a toxic intermediate are not as readily predicted by 
animal experiments. This is because there are many pathways 
by which drugs may be metabolized and these may vary 
between species or even between individuals of the same 
species. The developing field of pharmacogenetics is expand- 
ing our knowledge of these differences. However, because of 
this variation, the toxic intermediate may not be produced in 
all individuals or species. A teratogen acting through a toxic 
intermediate may be a human teratogen and not one in animal 
species usually tested, or vice versa. An example of a human 
teratogen that would fit into this class is thalidomide, which is 
not a teratogen in the guinea pig. 

In addition to the difficulty in extrapolating from animal 
experiments to man, there are other difficulties with fulfilling 
the criterion of Table 1. The drug in question might prevent 
the loss of an already malformed fetus. The condition for 
which the drug is used might produce the malformation. The 
fetal malformation might cause maternal symptoms for which 
the drug is taken. Finally, the drug may be commonly used in 
combination with other drugs that produce the malformation 
or only a combination of agents, not the individual agents by 
themselves, might produce the malformation. 

Because of these difficulties and the sometimes poor quality 
of data, differences exist between experts on the teratogenic 
potential of many agents in humans. An additional reason for 
conflict in expert opinion on human teratogens is the reason 
for which the assessment was made. If one wishes to counsel a 
pregnant woman already exposed to an agent as to its 
teratogenic potential, then it is appropriate to ignore the 
potential therapeutic benefit of the agent and use only 
the information on birth defects available on it (10). If, on 
the other hand, one wishes to prescribe a medication for a 
condition during pregnancy, it is appropriate to use an 
assessment that balances the therapeutic benefit to the 
teratogenic risk. The FDA pregnancy categories (11) are an 
attempt at such an assessment (Table 2). 

It has been reported that one in five women use FDA class 
C, D, or X drugs at least once during pregnancy (12). As the 
FDA classification system is extensively used, it is important to 
recognize its limitations. It is not a teratogenic risk classifica- 
tion. It is a fetal risk classification, which includes both 
teratogenic risk and the risk of fetal harm by the drug later in 
pregnancy. It also does not include information on the point in 
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Table 1 Criteria for Recognizing a Human Teratogenic 
Agent (9) 


1. An abrupt increase in the frequency for a particular defect or 
group of defects 

2. Coincidence of this increase with a known environmental 
change, such as widespread use of a new drug or sudden 
exposure to a chemical or a source of radiation 

3. Known exposure to the environmental change early in 
pregnancies yielding the characteristically defective infants 

4. Absence of other factors common to all yielding infants with 
the characteristic defect or defects 


Table 2 FDA Pregnancy Categories for Drugs (11) 


Category A: Controlled studies in women fail to demonstrate a 
risk to the fetus in the first trimester; there is no 
evidence of a risk in later trimesters, and the 
possibility of fetal harm appears remote 

Category B: Either animal reproductive studies have not 
demonstrated a fetal risk, but there are no 
controlled studies in pregnant women, or animal 
reproductive studies have shown an adverse effect, 
other than a decrease in fertility, which was not 
confirmed in controlled studies in women in the 
first trimester and there is no evidence of a risk in 
later trimesters 

Category C: Either studies in animals have revealed adverse 
effects on the fetus, teratogenic or embryocidal or 
other, and there are no controlled studies in 
women, or studies in women or studies in women 
and animals are not available. Drugs of this class 
should be given only if the potential benefit 
justifies the potential risk to the fetus 

Category D: There is positive evidence of human fetal risk, but 
the benefits from use in pregnant women may be 
acceptable despite the risk as when the drug is 
needed in a life-threatening situation or for a 
serious disease for which safer drugs cannot be 
used or are ineffective 

Category X: Studies in animals or human beings have 
demonstrated fetal abnormalities or there is 
evidence of fetal risk based on human experience 
or both, and the risk of the use of the drug in 
pregnant women clearly outweighs any possible 
benefit. The drug is contraindicated in women 
who are or may become pregnant 


pregnancy when the risk occurs or if there is a dose threshold 
above which the harm occurs. 

An example of the problems of the system can be seen by 
looking at vitamin A. Vitamin A is an essential fat-soluble 
nutrient and a known human teratogen. Its U.S. recom- 
mended daily allowance (RDA) for pregnancy is 8000 IU/day. 
Yet when taken in supplements during pregnancy of more 
than 10,000 IU/day, it is teratogenic (13). According to the 
FDA classification system, it should be category D or X. 
Vitamin A in large doses or severe deficiency is harmful to the 
fetus and this information is not conveyed by the FDA’s simple 
classification system. Recognizing this problem, Braggs, Free- 
men, and Yaffe (14) in their compendium have modified the 
FDA risk classes. In the case of vitamin A, they classify it as 
“A*” with the “*” footnote indicating category X if used in 
doses above the U.S. RDA. 
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There are several excellent compendiums of data on 
teratogenic risk (14-16) to which the reader is referred for 
details on specific agents. The most common human 
teratogens used today are listed in Table 3. These agents 
should be avoided in women who are pregnant or potentially 
pregnant. The most common agents that have teratogenic 
potential but whose therapeutic benefit outweighs their risk 
are listed in Table 4. When assessing maternal drug therapy in 
pregnancy, the first consideration is whether the drug is 
necessary for maternal survival or well-being. Once it is 
established that this is the case, the most effective agent with 
the least toxicity and the lowest teratogenic potential should be 
used in the appropriate dose. Vital therapy should not be 
withheld from a pregnant woman because of teratogenic risk. 


RADIATION AS A TERATOGEN 

Unlike drugs, radiation always acts directly on the conceptus 
to produce birth defects or pregnancy loss. For this reason, it is 
easier to extrapolate from animal experiments to the human 
condition for radiation defects. Ionizing radiation produces 
gross congenital malformations, intrauterine growth retarda- 
tion, and embryonic death. All of radiation’s effects have a 
dose-response relationship and a threshold of exposure below 
which there is no difference between irradiated and non- 
irradiated populations. Only ionizing radiation has a clearly 
established teratogenic potential. Ionizing radiation dosage is 
reported in either Rads (rad) or Grays (Gy). One rad equals 
0.01 Gy. To avoid confusion, all doses will be reported in rads. 

Growth retardation and central nervous system effects 
including microcephaly, mental retardation, and eye mal- 
formations are the most prominent manifestations of 
intrauterine radiation exposure in humans. Severe mental 
retardation has not been observed in patients who received less 
than 50 rads in utero, and there has been no report of 
radiation-induced limb or other gross anomalies in humans 
where growth retardation or central nervous system anomalies 
were not also present (17). Mental retardation has never been 
seen with radiation exposure prior to 10 menstrual weeks of 
gestation in humans (2), in spite of the fact that major organ 
differentiation occurs from 5 to 12 menstrual weeks of 
gestation. Radiation exposure prior to 10 menstrual weeks 
results in a high rate of loss and therefore a wide range of 
malformations are not seen (2,17) although theoretically 
possible (18). 

The gestational ages of 10 to 17 menstrual weeks represent 
the time when the maximum number of infants with mental 
retardation and central nervous system or eye defects are 
produced (2). At 18 menstrual weeks, or greater, few cases of 
mental retardation are seen (2); however, growth retardation 
continues to be produced. In humans, although malforma- 
tions are not seen at doses of less than 50 rads, some 
disturbances of growth can occur with as little as 25 rads (17). 
However, at exposures in the range of 20 to 5000 mrads, which 
is the range of most diagnostic radiology studies, there is an 
extremely low risk of malformations when compared with the 
spontaneous rate for humans (17). The association of prenatal 
radiation exposure and childhood leukemia or other cancers 
remains to be determined (3-6). However, an increased 
incidence, 1.5 to 2.4 over the background rate, as a result of in 
utero exposure to radiation at the dosage ranging from 
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Table 3 Common Agents That Are Teratogens 


Anabolic steroids 
Androgens 

Anticancer agents 
Diethylstilbestrol 
Etretinate 

Isotretinoin 

Oral hypoglycemics 
Vitamin A in large doses 
Vitamin D in large doses 


Table 4 Agents That Have Teratogenic Potential But Are 
Used in Pregnancy Because the Benefit of Their Use 
Outweighs the Risk of Teratogenesis 

Phenytoin 

Antimalarials 

Propylthiouracil 

Aminoglycosides 

Antituberculins 


1 to 4 rads, has been reported (19,20). Since X-ray studies with 
5 rads or less exposure to the conceptus carry a very low risk, 
and if medically indicated, it should be performed with the 
patient’s informed consent (18); fetal dosages for some 
commonly used radiologic procedures are available through 
the American College of Obstetricians and Gynecologists 
Committee Opinion number 299 (7). 

Special mention should be made of radioiodine during 
pregnancy. lodine-131, if given in millicurie doses, can 
damage or ablate the developing fetal thyroid resulting in 
either congenital hypothyroidism or hypothyroidism of late 
onset (17). This can occur after the onset of the iodine- 
concentrating ability of the fetal thyroid at around menstrual 
weeks 10 to 12 of gestation (7). Radioiodine is therefore 
contraindicated in pregnancy. 


REFERENCES 


1. Wilson JG. Teratogenic effects of environmental chemicals. Fed Proc 
1977; 36: 1690-703. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


44.3 


. Otke M, Schull WJ. In utero exposure to A-bomb radiation and mental 


retardation; a reassessment. Br J Radiol 1984; 57: 409-14. 


. Stewart A. The carcinogenic effects of low level radiation: a re-appraisal of 


epidemiologists methods and observations. Health Phys 1973; 24: 223. 


. Stewart A, Kneale GW. Radiation dose effects in relation to obstetric 


X-rays and childhood cancers. Lancet 1970; 1: 1185. 


. Ford D, Patterson T. Fetal exposure to diagnostic X-rays and leukemia 


and other malignant disease in childhood. J Natl Cancer Inst 1959; 
22: 1093. 


. Diamond EL, Schmerler H, Lilienfield AM. The relationship of 


intrauterine radiation to subsequent mortality and development of 
leukemia in children: a prospective study. Am J Epidemiol 1973; 97: 283. 


. The American College of Obstetricians and Gynecologists. Guidelines for 


Diagnostic Imaging During Pregnancy. In: 2008 Compendium of Selected 
publications (The American College of Obstetricians and Gynecologists). 
Washington DC: The American College of Obstetricians and Gynecol- 
ogists, 2008: 446-50. 


. Wagner LK, Lester RG, Saldana LR. Prenatal risks from ionizing 


radiations, ultrasound, magnetic fields and radio frequency waves. 
In: Wagner LK, Lester RG, Saldana LR, eds. Exposure of the Pregnant 
Patient to Diagnostic Radiations. Philadelphia: Lippincott, 1985: 61-78. 


. Wilson JG. Environment and Birth Defects. New York: New York 


Academic Press, 1973. 


. Friedman JM, Little BB, Brent RL, et al. Potential human teratogenicity of 


frequently prescribed drugs. Obstet Gynecol 1990; 75: 594-9. 


. Millstein LG. FDA’s “pregnancy categories.” N Engl J Med 1980; 303: 706. 
. Wen SU, Yang T, Krewshi D, et al. Patterns of pregnancy exposure to 


prescriptions. FDA C, D, and X drugs in a Canadian population. 
J Perinatol 2008; 28: 324-9. 

Rothman KJ, Moore LL, Singer MR, et al. Teratogenicity of high vitamin 
A intake. N Engl J Med 1995; 333: 1369-73. 

Briggs GG, Friedman RK, Yaffe JJ. Drugs in Pregnancy and Lactation: 
A Reference Guide to Fetal and Neonatal Risk, 8th edn. Philadelphia, 
Baltimore, New York, London, Buenos Aires, Hong Kong, Sidney and 
Tokyo: Lippincott, Williams and Wilkins, 2008. 

Shepard TH. Catalog of Teratogenic Agents, 12th edn. Baltimore, 
Maryland: Johns Hopkins Press, 2007. 

Schardein JL. Chemically Induced Birth Defects, 2nd edn. New York: 
Marcel Dekker, 1993. 

Brent RL. Radiation teratogenesis. Teratology 1980; 21: 281-98. 

De Santis M, DiGiantonio E, Straface G, et al. lonizing radiations in the 
pregnancy and teratogenesis. A review of literature. Reprod Toxicol 2005; 
20: 323-9. 

Harvey EB, Boice JD, Honeyman M, et al. Prenatal X-ray exposure and 
childhood cancer in twins. N Engl J Med 1985; 312: 541-5. 

Swartz HM, Reichling BA. Hazards to radiation exposure for pregnant 
women. J Am Med Assoc 1978; 289: 1907-8. 


45 Fetal programming 


Katherine E. Pelch, Jana L. Allison, and Susan C. Nagel 


INTRODUCTION 

The prenatal period requires vigilance to insure a safe 
environment for the fetus to grow and develop appropriately. 
Great lengths are taken during prenatal care to avoid exposures 
known to have teratogenic potential. Fetal programming is the 
theory that environmental events in utero during sensitive 
windows of development can have permanent and long-lasting 
effects. The fetus has the capacity for developmental plasticity. 
That is, one genotype can lead to different phenotypes 
depending on environmental factors (1). In other words, the 
environment interacts with genes in the developing organism 
to permanently program gene expression in adulthood. 
Changes in the fetal environment can program childhood 
and adult response pathways. Therefore, the developmental 
period represents a critical opportunity for irreversible effects 
from the fetal environment, whether these are from pharma- 
ceuticals, nutrition, microorganisms, the maternal hormonal 
milieu, and/or environmental chemicals. 

There is a strong precedence for the importance of the 
perinatal environment. Clinicians are often among the first to 
recognize the deleterious effects of teratogenic pharmaceuti- 
cals. To that effect, a five-tier classification system designed to 
rate the safety of medications during pregnancy and lactation 
has greatly improved pharmaceutical counseling during the 
prenatal and perinatal periods. However, while many effects 
resulting in obvious birth defects have been documented, such 
as limb defects during the era of thalidomide use, the potential 
for pharmaceuticals to alter the fetal hormonal environment 
and alter adult disease susceptibility is a relatively new area of 
study. The long-term consequences of these types of effects are 
difficult to identify and are largely unknown. In addition to 
pharmaceuticals, maternal nutrition is known to affect fetal 
development. A physician, DJ Barker, was among the first to 
put forth the Developmental Origins of Adult Health and 
Disease hypothesis, highlighting the potential for maternal 
nutrition to impact the offspring’s risk for coronary heart 
disease (CHD) and type II diabetes (1). Although not the focus 
of this chapter, an extensive body of literature has used animal 
models of development to confirm cause and effect relation- 
ships initially found in epidemiologic studies supporting the 
Developmental Origins hypothesis. 

Altered fetal programming may manifest as physical, 
developmental, or neuropsychiatric abnormalities that often 
have long latencies and may not become evident until 
childhood or even adulthood. It is difficult to pinpoint a 
specific exposure during pregnancy responsible for a certain 
behavioral pattern or health condition that presents years after 
the exposure, especially when considering the vast number of 
potential variables, both physical and psychologic (ie., 
emotional nurturing). However, a number of epidemiologic 
studies have found associations with altered fetal environ- 


ments. An area of great interest within fetal programming is 
the molecular changes within the fetus in response to maternal 
stress, medications, and exogenous hormone exposure. 

We know that pharmaceuticals can program fetal develop- 
ment and cause effects that can be seen at birth. In addition, 
there is a large and growing body of literature demonstrating 
that the fetal environment can program the fetus and result in 
long-latency effects associated with increased risk of adult 
disease. The developmental origins of adult disease hypothesis 
evolved to explain this type of programming. In this chapter, we 
will focus on the long-term consequences of changes within the 
uterine environment during pregnancy, including nutritional, 
hormonal, pharmaceutical, and other environmental factors. 


BIRTH WEIGHT AND ADULT DISEASE RISK 

It is known that maternal nutrition is important for healthy 
fetal development; however, only recently has a link between 
maternal and fetal nutrition been made with adult disease 
(Box 1). The developing fetus is dependent on its mother to 
receive the proper nutrients required for normal growth and 
development. Low birth weight has historically been associated 
with an increased risk of death from CHD. Barker et al. first 
identified this association in a large population of men born in 
Hertfordshire, England, in 1911 to 1930 (3). As a baby’s weight 
at birth or year 1 decreased, the risk of death from ischemic 
heart disease rose. People who were the lightest at birth 
(<5.5 pounds) and also lightest at 1 year of age (<18 pounds) 
had the highest standardized mortality ratio (SMR = 200; 95% 
CI 114-384) (3). Furthermore, Barker et al. also reported that 
systolic blood pressure, a risk factor for cardiovascular disease, 
was inversely related to birth weight in 10- and 36-year-olds 
born and residing in Great Britain (3). 

The initial finding that birth weight was associated with 
CHD in adulthood led Barker to propose the Developmental 
Origins of Adult Health and Disease hypothesis, suggesting that 
changes that occurred during development that caused a baby 
to be born small may also impact adult disease risk. For 
example, low-birth weight babies are known to have increased 
blood pressure in adulthood (4,5). It has been suggested that 
decreased blood flow to the kidney during key developmental 
periods may lead to decreased cell numbers in the glomeruli. 
Each glomerulus is therefore subjected to increased blood 
flow, and although blood pressure can initially be maintained, 
hyperfiltration eventually leads to glomerulosclerosis. This, in 
addition to the normal loss of glomeruli that occurs with 
aging, results in a feed-forward loop of increasing blood 
pressure and glomerular loss (6). Low birth weight is also 
associated with impaired glucose tolerance (5). In a similar 
mechanism, an undernourished fetus directs glucose to the 
developing brain at the expense of the muscles thereby 
resulting in less muscle mass at birth. As muscle is the primary 
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Box 1 Consequences in Adult Life Associated with Low 
Birth Weight 


Hypertension 

Type 2 diabetes 

Obesity and the metabolic syndrome 
Coronary heart disease 

Stroke 

Osteoporosis 

Depression and psychosis 
Age-related cognitive impairments 
Chronic renal failure 

Altered gonadal resposes 

Altered immune responses 
Overall reduced life expectancy 


Source: From Ref. 2. 


location of insulin action, decreased muscle composition in 
adulthood results in lifelong insulin resistance (7). Another 
possibility is that there are fewer B-cells in the pancreas of 
low-birth weight babies. 

Low birth weight has also been associated with diseases of the 
metabolic syndrome in adulthood. Curhan et al. found that low 
birth weight was associated with an increased risk 
of hypertension and diabetes in a longitudinal study of 51,529 
U.S. males born from 1911 to 1946. Compared with men born 
with average size (7.0-8.41b), men born weighing less than 5.5 Ib 
were 26% more likely to have hypertension and 75% more likely 
to have diabetes (8). Curhan et al. also examined data from the 
Nurses’ Health Studies I and II and found that low birth weight 
was associated with hypertension in women (8). Additionally, in 
a study of the Pima Indian population in Arizona, McCance et al. 
found that low birth weight was strongly associated with 
increased risk of diabetes (9). Hales et al. also found increased 
risk of diabetes or insulin resistance with decreasing birth weight 
in the Hertfordshire studies discussed above (5). 

Barker further refined his Developmental Origins hypothesis 
with the introduction of the concept of the thrifty fetus. He 
hypothesized that the fetal environment could provide a 
“weather forecast” of the nutritional status outside of the 
womb. His thrifty phenotype hypothesis suggests that declines 
in nutritional status while in the womb can program a fetus to 
be “thrifty” and to store and ration energy accordingly (10). 
Problems arise, however, when individuals programmed in 
utero to be “thrifty” are introduced to an environment of 
plenty during early adolescence and adulthood. Being “thrifty” 
in development allows a fetus to conserve energy for important 
tissues like the brain at the expense of other tissues such as 
muscle and liver. Barker further suggests that the tissues and 
organs that were sacrificed during development have a 
diminished ability to properly respond to a “world of plenty” 
in adulthood. This hypothesis suggests that catch-up growth 
creates problems for those who were “thrifty” during 
development. 

As an example of the thrifty phenotype, Barker and 
colleagues have extensively studied the case of people who 
were in utero during the Dutch Famine, which occurred from 
October 1944 to May 7, 1945, as a result of the German 
occupation in the West Netherlands during World War IL. 
This discrete famine has allowed researchers to directly study 
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the effects of maternal malnutrition on adult disease risk. 
During the famine, daily caloric intake fell to 300 to 800 
calories/day. Fortunately, recovery was swift and the caloric 
intake rebounded to pre-famine levels by June 1945. Because 
of the relatively short length of the famine, researchers have 
been able to determine whether adult-onset diseases are linked 
to nutritional insufficiency during very specific times of 
development. Ravelli et al. examined obesity among 19-year- 
old military draftees who were exposed to the famine 
compared with those born just before or just after the famine 
or born during the same time but in unaffected locations. They 
found that men exposed to the famine during the first two 
trimesters of pregnancy had a significantly higher prevalence 
of obesity compared with men born in cities unaffected by the 
famine. Conversely, men exposed to famine during the third 
trimester of gestation through the first 3 to 5 months of 
postnatal life had a decreased prevalence of obesity compared 
with men born outside of the region of famine (11). 

Another series of studies examined 297 people exposed to 
the Dutch famine during gestation and 444 born just before or 
just after the famine. Children who were exposed to the famine 
during mid or late gestation were lighter, shorter, and thinner 
with smaller heads and placentas than those unexposed and 
had reduced glucose tolerance following a 2-hour oral glucose 
test (12,13). Conversely, those exposed to famine in early 
gestation were heavier and longer at birth than those 
unexposed (12). They also had a more atherogenic lipid 
profile, higher low-density lipoprotein to high-density lipo- 
protein ratio, higher body mass index (BMI), and a higher 
prevalence of CHD (12,14,15). Since high blood pressure is 
related to low birth weight, it was expected that it would also 
be related to famine exposure, particularly late exposure that 
tended to produce low-birth weight babies. Researchers 
found, however, that while increased blood pressure was 
related to low birth weight, it was overall independent of 
famine exposure (12). They were further able to elucidate that 
increased systolic blood pressure was inversely related to the 
protein/carbohydrate ratio in the third trimester regardless of 
famine exposure (16). 

The Dutch Famine occurred for a short, discrete period of 
time and was followed by a quick return to nutritional 
sufficiency. By contrast, the famine that was incurred during 
the Leningrad Siege in what is presently known as 
St. Petersburg, Russia, from September 1941 to January 1944 
lasted much longer and those exposed remained nutritionally 
deprived throughout much of their early adolescence. In 
examining those who were exposed in utero (born January 1, 
1941-June 30, 1941; n = 169) or during infancy (born 
November 1, 1941—June 30, 1942; n = 192) or those born 
during the same period but outside of the area of the siege, 
Stanner et al. found very little differences in adult disease risk 
factors; there was a correlation with BMI and systolic and 
diastolic blood pressure in females in both exposure groups 
and von Willebrand factor was decreased in the infant group 
compared with the in utero group (17). Overall, the authors 
concluded that there was no effect on glucose concentration or 
insulin-like molecules or risk for hypertensive or cardiovas- 
cular disease with exposure to the Leningrad siege famine (17). 
The fact that there were very little differences found in the 
study of those exposed to the Leningrad Siege yet there were 
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extensive differences found in the study of the Dutch Famine 
may serve to further highlight Barker’s thrifty phenotype 
hypothesis that catch-up or compensatory growth further 
attenuates the low—birth weight baby’s adult disease risk. 

As discussed above and demonstrated in the comparison of 
the two famine studies, problems arise when the postnatal 
environment differs from the prenatal in utero environment 
and catch-up growth occurs. For example, in a study of 3641 
men born in Helsinki from 1924 to 1933 for which there were 
serial measurements of height and weight from 6 to 16 years 
of age, Eriksson et al. found that men who were born with the 
lowest ponderal index but that subsequently had the highest 
BMI at age 11 were the most likely to have died from 
CHD (18). Forsen et al. reported on the corresponding cohort 
of 3447 women born in Helsinki during the same time 
period (19). In contrast to the data on the men, Forsen et al. 
reported that the risk of CHD was not associated with 
childhood BMI in women. Instead, in women, an increased 
risk was related to length at birth and increased placental 
weight. Women who were shortest at birth but tallest at age 7 
(i.e., had experienced “catch-up growth”) had the highest risk 
of CHD. Low birth weight followed by catch-up growth has 
also been shown to be a risk factor for adult-onset type I 
diabetes and hypertension (20). Along with others, these 
studies indicate not only the importance of catch-up growth, 
but also the important differences between how the sexes 
develop, namely, that females experience slower prenatal 
growth than males (21,22). Furthermore, recent work has 
shown sex-specific alterations in DNA methylation (epige- 
netic) patterns of genes involved in metabolism in people 
exposed to the Dutch Famine (23). 

While the increase risk of adult disease in association to low 
birth weight continues to be a major concern in both 
developing and developed countries, an equally important 
association with the effects of being born large for gestational 
age must also be studied, especially in light of the growing 
obesity epidemic. Large for gestational age is typically defined 
as birth weight greater than the 90th percentile for gestational 
age and is often associated with maternal obesity and/or 
diabetes (24). When excess maternal glucose crosses the 
placenta, the fetus becomes hyperglycemic and then experi- 
ences hyperinsulinemia. As insulin is an important growth 
factor for the developing fetus, aberrant circulating levels 
negatively affect adipose, muscle, and cardiac tissues resulting 
in a large or macrosomic baby (24). Large babies and those 
born to diabetic mothers are more likely to experience 
complications during delivery and, as adolescents, are more 
likely to be obese and to develop type II diabetes (8,9,24—27). 

Although birth weight has historically been used as a 
predictor in the developmental origins of adult health and 
disease, several studies indicate that it might not fully explain 
the complex interactions that have occurred to produce a 
baby of any given size. The utilization of additional markers, 
such as maternal birth weight, third-trimester maternal 
weight and weight gain, maternal arm fat area, maternal 
height, maternal energy intake, socioeconomic status, pond- 
eral index, birth length, placental weight, and postnatal 
growth rate, may help to further understand how the perinatal 
environment programs adult disease risks. To this end, 
Kuzawa and Adair have developed a novel model to address 
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the importance of fetal growth potential (genetics) versus fetal 
nutrient supply by relating maternal height to the potential fetal 
growth demand and third-trimester maternal arm fat area to 
the potential maternal supply. They found that male offspring 
born to tall mothers with low arm fat (lowest energy reserves) 
had the highest risk of cardiovascular disease as measured by 
lipid levels at age 14 (28). In female offspring, there was no 
difference in lipid levels, further supporting the idea that fetal 
programming of CHD risk from nutrition differs between the 
sexes. As we move forward in our examination of how the 
maternal and early postnatal nutritional environment affects 
adult disease risk, we must continually allow for new variables 
that help clarify the environment in which the fetus is 
developing. Furthermore, as clinicians, it is important to 
understand all potential ramifications of counseling new 
mothers regarding proper nutrition, including effects that 
may not be seen until their children reach adulthood. 


PHARMACEUTICAL TERATOGENS AND BIRTH 
DEFECTS 
Teratogens cause fetal programming that can result in severe 
birth defects. Throughout history, severe malformations 
caused by teratogens have been documented. One of the most 
well-known cases is thalidomide, which was initially used as a 
sedative and antiemetic and resulted in 10,000 to 20,000 
victims worldwide who were born with missing or severely 
malformed limbs. While thalidomide has both antiangiogenic 
and anti-inflammatory properties, it has recently been 
demonstrated that it is the antiangiogenic nature of the drug 
that prevents the development of newly forming blood vessels 
necessary to support limb development (29). That is, a 
chemical exposure permanently altered the course of devel- 
opment and resulted in unformed limbs in those exposed. 
Another suspected teratogen, isotretinoin (trade name 
Accutane), is a pharmaceutical prescribed for the systemic 
treatment of acne and is a derivative of retinoic acid. Retinoic 
acid, more generally known as vitamin A, is essential during 
development. A concentration gradient along the anterior- 
posterior axis regulates the expression of homeobox genes that 
subsequently direct the correct timing of developmental events 
within a growing organ system. The timing and concentration 
of retinoic acid is exquisitely regulated and involved in the 
proper development of bone, vision, brain, face, heart, and 
spinal cord. Because of the molecular similarities with retinoic 
acid, isotretinoin exposure alters the delicate balance of 
retinoic acid in the fetus and can interfere with the normal 
patterns of development causing severe malformations. Today 
doctors must extensively counsel women prescribed isotreti- 
noin on the risks of severe fetal malformations and the need to 
use two methods of contraception. Unfortunately, despite 
their best efforts, more than 2000 women have become 
pregnant while on isotretinoin treatment (30). 


LONG-LATENCY EFFECTS FROM NON-TERATOGENIC 
PHARMACEUTICALS 

Selective Serotonin Reuptake Inhibitor Use During 
Pregnancy 

Treating depression in pregnancy is a difficult decision for 
patients and physicians; both treatment and lack of treatment 
are associated with increased fetal risks. Untreated maternal 
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depression negatively affects secondary to neonates increased 
maternal tobacco use, substance abuse, inadequate prenatal 
care, and poor maternal—fetal bonding postnatally. Previous 
data also suggest an increased risk of preterm labor and fetal 
growth restriction in fetuses born to mothers with untreated 
depression. Furthermore, maternal stress and mood disorders 
can permanently program the fetal adaptive stress response 
mediated by the hypothalamic—pituitary—adrenal (HPA) axis. 
Exposure to stress results in an increase in corticosterone 
levels in humans. In animal models, exposure of fetuses to 
stress in the prenatal and early postnatal periods resulted in 
exaggerated cortisol production in response to mild stressors 
in adulthood (31). Maternal stress and poor mothering 
behaviors postnatally have also been shown to alter fetal and 
infant glucocorticoid metabolism through epigenetic mechan- 
isms involving alterations of DNA methylation (32-34). 
Maternal stress increases cortisol within the fetal HPA axis, 
resulting in shorter gestations, prematurity, lower birth 
weights, increased congenital malformations, smaller head 
circumferences, and depressed neonatal neurologic function- 
ing (35). Importantly, infant and adolescent maltreatment are 
associated with altered cortisol levels and impaired response to 
psychologic stressors (36). Specifically, maternal stress and 
malnutrition have been linked to increased incidence of 
schizophrenia in offspring (37). The decision not to treat or 
stop treatment during pregnancy may also increase the risk of 
postpartum depression (38). 

On the other hand, fetal exposure to selective serotonin 
reuptake inhibitors (SSRIs) also carries certain risks. Certain 
antidepressants are linked with increased risk of congenital 
anomalies, such as cardiac defects, omphaloceles, and other 
midline defects as well as persistent pulmonary hypertension. 
However, the absolute risk of these conditions secondary to 
SSRIs (the most commonly prescribed class of antidepressants 
during pregnancy) is very low (38,39). Although overall risk of 
anomalies are low, transient side effects as a result of serotonin 
withdrawal at the time of delivery, such as agitation, altered 
muscle tone, breathing, and suction problems, are commonly 
reported (40). These effects typically resolve spontaneously 
within 2 weeks and are conventionally thought to pose less 
severe long-term consequences to the fetus than those 
associated with uncontrolled maternal depression. However, 
subclinical effects of perinatal exposure to SSRIs on fetal 
neurodevelopment may be subtle and remain undiagnosed 
until adolescence or early adulthood. More recently, an 
association with fetal SSRI and autism has been suggested, as 
increased serotonin causes dysfunction of the amygdala, which 
plays a role in emotion perception, and suppressed oxytocin 
production, a hormone proposed to promote “pro-social” 
behavior (41). Furthermore, SSRIs enter placental circulation 
and therefore increase fetal serotonin levels, an effect that may 
program the fetal HPA axis to function properly only in the 
presence of elevated serotonin, a state removed at the time of 
delivery. 


Progestin Use During Pregnancy 

Progesterone is a necessary component to maintain a healthy 
pregnancy. From the earliest stages of pregnancy, progesterone 
assists in implantation and supports pregnancy by formation 
of the corpus luteum. While endogenous progesterone is 
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essential, it is still unclear what long-term effects may occur 
from the use of exogenous progesterone. 

Progestin is a component of oral contraceptive pills (OCP) 
and limited exposure during the periconceptual period occurs 
with failure of oral contraception. Continued use of OCPs until 
detection of pregnancy occurs in 2% to 5% of pregnancies and 
can expose fetuses to exogenous hormones during critical 
windows of fetal development (42). In addition, emergency 
contraception exposes fetuses to even higher doses of exogenous 
hormones and is not 100% effective at preventing implantation. 
Prior to the advent of modern pregnancy tests that detect 
human chorionic gonadotropin in urine, the major indication 
for progestins in pregnancy occurred from progestin adminis- 
tration for 3 to 5 days to induce withdrawal menstruation. 
Today, the major indications for progestin therapy are to 
prevent preterm birth and treat recurrent pregnancy loss. 
Progestin supplementation is also utilized in assisted reproduc- 
tion protocols to promote endometrial development favorable 
for implantation of a transferred embryo. 

Several studies have assessed the risk of hypospadias 
following progestin exposure, the results of which seem to be 
inconclusive (43). One complication is that many studies 
examine boys born 20 or more years ago, when different 
progestins were indicated during pregnancy than those in current 
use. However, a more recent case-control study by Carmichael 
et al. of children born from October 1997 to December 2000 
found a 3.7-fold increased risk of second- and third-degree 
hypospadias when women took any progestin to help become 
pregnant or to prevent pregnancy complications or loss for any 
length of time, but not from perinatal OCP exposure (44). 
Furthermore, in a meta-analysis of 14 articles, Raman-Wilms 
et al. found no increased risk of urogenital malformations with 
hormonal exposure during the first trimester. In this case, 
exposure was from OCP, hormonal pregnancy tests, as well as 
treatment for threatened abortion (45). 

To date, 17-hydroxyprogesterone is the formulation of 
greatest efficacy in preventing preterm deliveries in women 
with a previous spontaneous preterm birth. In a retrospective 
cohort study by Waters et al, women receiving weekly 
injections of 17-hydroxyprogesterone caproate were 3.3 times 
more likely to develop gestational diabetes, controlling for 
maternal age, BMI, and maternal race (46). Progesterone may 
increase insulin resistance by affecting glucose transport at the 
glucose transporter type 4 (GLUT-4) receptor (46). Gestational 
diabetes can lead to insulin resistance in utero and perma- 
nently modify expression of genes responsible for glucose 
transport and beta cell development, predisposing fetuses 
to type II diabetes mellitus in adulthood (47). As use of 
progesterone to prevent preterm birth continues to gain 
momentum, the postnatal effects will continue to be elucidated 
as exposed fetuses reach adolescence and adulthood. 


Glucocorticoid Use During Pregnancy 

At proper concentrations, glucocorticoids are essential for fetal 
growth and development. Typical fetal cortisol levels are much 
lower than maternal levels due to an enzyme within the 
placenta, 11-beta-hydroxysteroid dehydrogenase type 2 
(11B-HSD2), which catalyzes rapid metabolism of corticoster- 
oids into inactive metabolites (48). Exogenous steroid 
administration to preterm infants is frequently utilized to 
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promote lung maturity and decrease complications of preterm 
delivery including necrotizing enterocolitis, interventricular 
hemorrhage, and pulmonary hypoplasia. The two steroids 
most commonly used, dexamethasone and betamethasone, are 
utilized because they are poorly metabolized by 118-HSD2 and 
easily diffuse through the placenta, thus enhancing the 
protective benefits by maximizing exposure (2). However, 
prolonged fetal exposure to exogenous steroids has been 
associated with an increased incidence of growth restriction, 
elevated cortisol levels, and reduced placental 11B-HSD2 activity 
(49). These effects are exacerbated by placental insufficiency, 
which can be seen with maternal hypertension and diabetes, or 
with modification of the 118-HSD2 receptor (2). Conditions 
that typically occur during preterm labor or preterm premature 
rupture of membranes, such as increased progesterone, estrogen, 
nitric oxide, prostaglandins, and inflammatory cytokines, can 
temporarily reduce activity of placental 11B-HSD2 activity, 
thereby increasing the susceptibility to negative side effects to the 
population at greatest risk (2). 

While the benefits to the developing lung are obvious, 
epidemiologic and animal model data suggest that there are 
negative side effects, such as altered brain development, 
particularly in the HPA, following multiple steroid treatments 
and may be worse in dexamethasone- than betamethasone- 
treated individuals (50,51). Neuropsychiatric disorders are 
also prevalent in exposed individuals, including memory 
impairment, increased emotionality, unsociability, avoidance, 
and behavioral problems (52,53). Furthermore, Drake et al. 
recently reported that the effects of in utero exposure of rats to 
dexamethasone on low birth weight and glucose dyshomeos- 
tasis are also transmitted to second-generation offspring that 
are not directly exposed (54). The safety of exogenous steroids 
given postnatally for use in respiratory distress syndrome and 
bronchopulmonary dysplasia has also been questioned. Meta- 
analyses suggest that postnatal steroid use may increase the risk 
of cerebral palsy by 63% and increases neurologic impairment 
up to 40% (51). An important question is whether fetal growth 
restriction is an effect of glucocorticoid exposure in utero or 
whether it is the primary cause in warranting steroid 
administration. This question will be difficult to answer 
unequivocally. 
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In laboratory rats, developmental exposure to betametha- 
sone led to altered partner preference, sexual behavior, and 
reduced testosterone in adulthood (55). The authors suggest 
that “prenatal treatment with betamethasone, by increasing 
maternal corticosteroid level, may have diminished testoster- 
one peak in male pups, a peak crucial to brain sexual 
differentiation.” 


Diethylstilbestrol 

Because teratogen exposure often results in specific malforma- 
tions that can be identified at birth, a cause and effect 
relationship between exposure and birth defect can often be 
established. However, linking exposure with fetal program- 
ming that results in long-latency effects is more challenging. 
One of the best-known examples is the case of diethylstilbes- 
trol (DES) daughters. From 1940 to 1971, millions of women 
were prescribed the synthetic estrogen DES in the mistaken 
belief that it would prevent spontaneous abortion and 
promote a healthy pregnancy. The negative effects of 
developmental DES exposure were not known until 1971 
when the physician AL Herbst published a case report of eight 
young girls with vaginal clear cell adenocarcinoma, a rare type 
of cancer that previously had only afflicted much older 
women. Herbst found that seven of the eight presenting cases 
had been exposed to DES during the first trimester (56) and 
later confirmed this on a larger scale (Fig. 1). Additionally, 
women exposed in utero to DES had increased incidence of 
various reproductive abnormalities including T-shaped uteri, 
transverse vaginal ridges, and cervical collars (58-62). Today, 
it is known that both men and women exposed to DES in utero 
have increased risk of adult-onset diseases, several of which are 
discussed below. Furthermore, it appears that the risks of 
exposure to DES did not stop with those that were exposed in 
utero, but extend to a third generation providing evidence for 
transgenerational effects (63-67). 

The phenotype seen in women from fetal programming by 
DES has been reproduced in laboratory mice developmentally 
exposed to DES (68,69). In mice, the T-shaped uterus 
appeared to be caused by posterior shift in the expression of 
homeobox A genes whose sequential expression are necessary 
for proper tissue development (70). When the discovery that 
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Figure 1 Market sales of 25mg DES versus cases of vaginal clear cell adenocarcinoma by year of diagnosis. Source: From Ref. 57 and Market share Litigation 
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developmental exposure to an estrogen pharmaceutical 
created long-latency developmental effects existed, it opened 
the door to the exploration of fetal programming. Additional 
sources range from natural variation in endogenous fetal 
estrogens to exogenous exposure to chemicals in the 
environment with hormonal activity, termed endocrine 
disruptors, among a variety of other pharmaceuticals that 
are just beginning to be scrutinized for potential fetal 
programming. 


ENDOGENOUS AND EXOGENOUS FETAL ESTROGEN 
AND ADULT DISEASE 

Altered fetal serum estrogen has been associated with fetal 
programming and altered risk of adult disease (Table 1). It is 
known that adult estrogen exposure is associated with 
endometriosis and breast cancer. Conditions associated with 
increased fetal exposure to estrogens are also associated with an 
increased risk of endometriosis and breast cancer in adult- 
hood. Daughters whose mothers took the synthetic estrogen DES 
during pregnancy have an 80% increased risk of endometriosis 
and up to 300% increased risk of breast cancer (58,71). Dizygotic 
twins, who have two placentas, circulate 60% to 80% higher 
levels of estradiol than singletons (75). Dizygotic twins subse- 
quently have approximately 70% increased risk of endometriosis 
and 50% increased risk of breast cancer in adulthood (58,72). 
Monozygotic twins do not have an increased risk of breast cancer, 
suggesting that it is not being a twin that raises the risk but having 
two placentas (72). In addition, maternal estrogen concentra- 
tions are positively associated with maternal age and offspring 
birth weight, and breast cancer risk is also positively associated 
with maternal age and birth weight (reviewed in 72). High 
ponderal index at birth is associated with increased circulating 
estradiol in adulthood (76). 

Conditions associated with decreased fetal exposure to 
estrogens are associated with reduced risk of endometriosis 
and breast cancer in adulthood. Smoking inhibits the 
estrogen-synthesizing enzyme aromatase and is associated 
with reduced estrogen levels (77). For example, in adult 
women smokers, there is a 20-fold reduction in the incidence 
of the estrogen-dependent disease endometriosis (73,74). 
Importantly, placental aromatase activity is reported to be 
reduced in smokers (78). Daughters born to women who 
smoked during pregnancy have over a fourfold reduced risk of 
endometriosis and have a threefold reduced risk of breast 
cancer (73,74). Additionally, maternal estrogens are lower in 
pre-eclamptic patients versus controls (79,80). Daughters born 


Table 1 Altered Fetal Estrogen and Adult Disease 


Fetal or maternal condition Fetal estrogen 


DES Increased 
Twins Increased 
Smoking Decreased 


Pre-eclampsia Decreased 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


to pre-eclamptic mothers have a twofold decreased risk of 
breast cancer in adulthood (72). No data were found on the 
risk of endometriosis. Taken together, the fetus appears to be 
sensitive to permanent programming due to an altered fetal 
hormonal environment. 


ENDOCRINE-DISRUPTING CHEMICALS 

While women no longer intentionally take synthetic estrogens 
during pregnancy, pregnant women and their fetuses are 
exposed to a wide variety of environmental chemicals that may 
alter normal development. Many of these chemicals can 
surreptitiously modulate the endocrine system and have been 
termed endocrine disruptors or endocrine-disrupting chemicals 
(EDCs). Hundreds of chemicals, both natural and manmade, 
have been described with the ability to pirate the body’s own 
endocrine system causing altered hormone signaling. Like 
teratogens, endocrine disruptors can program the fetus and 
result in permanently altered phenotypes (81). However, unlike 
teratogens, EDCs can affect both adults and developing 
organisms. Whereas the effects of endocrine disruptors in 
adulthood tend to be reversible, the effects on the developing 
organism tend to be permanent. For this reason, a considerable 
amount of research has focused on this sensitive period, where 
exposure can result in permanent fetal programming. 

Teratogens cause severe fetal programming that results in 
malformations present at birth, but there are probably other 
persistent changes that are subtler and therefore not attributed 
to the exposure. Teratogens and EDCs probably represent a 
continuum of effects from more severe effects often with short 
latency to more subtle effects often with long latency. Severity 
can be related not only to higher exposure to teratogens but 
also to different mechanisms of action. Unfortunately, effects 
seen at high doses cannot necessarily predict those seen at low 
doses. The effects of endocrine disruptors most often exhibit a 
non-monotonic dose-response where qualitatively and/or 
quantitatively different effects have been described at low 
doses versus high doses (82,83). For example, in mice 
developmental exposure to low doses of DES increases the 
adult estrogen responsiveness in the uterus while exposure to 
high doses decreases the responsiveness (84). This adds to the 
difficulty in establishing cause and effect relationships between 
chemical exposure and adult disease. 

To date, there has been a large amount of research in the 
laboratory demonstrating developmental programming by 
EDCs. As illustrated above, conditions associated with altered 
hormonal environments during human pregnancies are 
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associated with altered disease risk in adulthood. While long- 
latency effects from hormonal chemicals are difficult to detect, 
humans have been shown to be sensitive to this type of fetal 
programming (85). Because of the prevalence of EDCs in our 
environment and the potential for EDCs to cause develop- 
mental programming in humans, the Endocrine Society 
recently released a position statement on endocrine disrup- 
tors (86): “The evidence for adverse reproductive outcomes 
(infertility, cancers, malformations) from exposure to endo- 
crine disrupting chemicals is strong, and there is mounting 
evidence for effects on other endocrine systems, including 
thyroid, neuroendocrine, obesity and metabolism, and insulin 
and glucose homeostasis.” They further suggest partnering of 
scientific societies to further research the effects in humans. 
Similar statements have been adopted by the American Medical 
Association, American Chemical Society, and others. 

The U.S. Environmental Protection Agency (EPA) Endo- 
crine Disruptor Screening and Testing Program was estab- 
lished in 1998 in response to the Food Quality Protection Act 
and was charged with the goal of developing screening and 
testing methods for endocrine-active compounds. Over 
10 years later, the final selection of chemicals to be tested to 
validate screening and testing methods was chosen (87). 
Recently, the Endocrine Disruptor Prevention Act of 2009 was 
introduced to strengthen regulation of EDCs. 


MECHANISMS OF EDCS 

The U.S. EPA defines an EDC as “an exogenous agent that 
interferes with synthesis, secretion, transport, metabolism, 
binding action, or elimination of natural blood-borne hor- 
mones that are present in the body and are responsible for 
homeostatsis, reproduction, and developmental process.” A 
detailed discussion of the mechanisms of EDC action is beyond 
the scope of this chapter but has been reviewed elsewhere 
(81,86). Summarized below are potential consequences result- 
ing from developmental disruption of normal estrogen, 
androgen or thyroid hormone signaling by EDCs in adulthood. 


Estrogens 
To date, the largest group of environmental chemicals with 
hormonal activity interferes with normal estrogen signaling. 
Those chemicals that bind directly to the estrogen receptor are 
termed xenoestrogens. They can have estrogenic, antiestrogenic, 
or mixed receptor activity. While hundreds of xenoestrogens 
have been described, a few selected ones are described below. 
Bisphenol A is an estrogen receptor ligand and selective 
estrogen receptor modulator (88,89). It has been shown to 
disrupt the endocrine system in >100 reports in different animal 
systems (82). Bisphenol A is the monomer that is polymerized to 
form polycarbonate plastic (hard, clear plastic) and is one of the 
top 50 chemicals in worldwide production, with annual 
production of >6billion pounds (90). It is released from 
polycarbonate products, such as water and baby bottles 
(91,92), the resin lining of metal food cans (93-95), some dental 
sealants (96), eyeglasses, CD cases, and polycarbonate laboratory 
animal cages and water bottles (97,98). Bisphenol A was shown to 
comprise 84% of the estrogenic activity in landfill leachate (99). 
Bisphenol A is an almost ubiquitous chemical in our 
environment and in people (100). Calafat recently reported 
that >92% of Americans have detectable levels of bisphenol A 
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in urine (101). Importantly, children had twice the level as 
adults (4.5 vs. 2.5 ug/L) and women had higher levels than 
men. It was recently estimated that infants drinking out of 
polycarbonate bottles would receive a daily exposure of up to 
2ug/kg (102). Of particular concern, bisphenol A alters 
normal development at this exact dose (and lower) in animal 
models (82,98,103-115). 

Ethinyl estradiol is an orally active form of estradiol, and it is 
a component of OCPs. While ethinyl estradiol is not considered 
a teratogen, evidence from laboratory studies suggest that it is an 
endocrine disruptor. Millions of women use OCP, and 
approximately 2% to 5% will conceive while taking them due 
to noncompliance (116). Some of these women deliver infants 
exposed to 0.2 to 0.5 ug/kg of this potent estrogen during the 
critical window of sexual differentiation in the first trimester of 
pregnancy. This dose has been shown to alter mouse 
development (105,117). Additionally, ethinyl estradiol has been 
measured in waste water influent and effluent and may be a 
source of human exposure (118). 

Genistein is a naturally occurring phytoestrogen and the 
predominant soy isoflavone. Adults consuming soy-based 
foods, particularly vegetarians, circulate 50 to 200 ng/mL total 
isoflavones. Infants fed soy-based infant formula circulate 
approximately 700ng/mL genistein (119). While soy-based 
foods have been promoted as having beneficial effects in 
adults, there is increasing evidence that developmental 
exposure during differentiation of the uterus may be 
detrimental (120-123). 

Importantly, xenoestrogens are found in the human fetus. 
Pregnant women and their fetuses tend to have higher levels of 
bisphenol A (124-126), and bisphenol A has been found in 
human maternal and fetal serum at 0.2 to 10 ng/mL (125-127). 
Olea and colleagues recently measured total xenoestrogen 
bioactivity in human placentas. By separating endogenous from 
xenoestrogens, it was estimated that 16% of the total activity was 
due to xenoestrogens (128). There is a considerable amount of 
literature relating to EDCs: on mechanisms of action, controlled 
laboratory studies, and human health trends. Taken together, 
these strongly support fetal programming by these chemicals. 
Outlined below are many of these trends with supporting 
associations with EDCs. 


Puberty 

A trend toward earlier onset of puberty has recently been 
described, and EDCs, particularly early exposure to xenoestro- 
gens, are thought to be a major contributing factor (129-133). 
Earlier puberty (defined as development of secondary sexual 
characteristics before 8 years of age) is a risk factor for breast 
and testicular cancer, polycystic ovarian syndrome, and 
metabolic disorders (133). Thigpen et al. found that rodent 
chow containing various low doses of genistein and another 
soy isoflavone, daidzein, advanced vaginal opening in Wistar 
rats and CD-1 mice (134). Other xenoestrogens including DES 
and bisphenol A and various other EDCs have also been shown 
to advance puberty in rodents at very low doses (25 ng—200 ug/ 
kg/day) (104,105,135-138). In humans, early pubertal onset 
has been associated with neonatal exposure to the poly- 
brominated biphenyl FireMaster, which was accidentally 
introduced into the Michigan food supply in 1973 when 
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it was confused with the nutritional supplement Nutri- 
Master (139,140). Furthermore, precocious thelarche before 
age 2 has been associated with elevated serum levels of 
phthalate esters in Puerto Rico. One phthalate in particular, 
di-(2-ethylhexyl) phthalate, was detected in patients at levels 
6.4-fold higher than controls (141). Importantly, a trend 
toward altered timing of pubertal onset may affect later 
disease risk (i.e., increased cumulative estrogen exposure 
increases breast cancer risk), and also how clinicians 
medically and pharmacologically treat children with pre- 
cocious or delayed puberty. 


Fertility 

The rates of infertility and recurrent pregnancy loss have 
increased over the last 50 years. While delayed childbearing in 
women is a clear and strong factor in decreased fertility, it has 
been postulated that developmental xenoestrogen exposure 
may also play a role (142). McLachlan and colleagues reported 
reduced fertility in mice following developmental DES 
exposure (68). Jefferson and Newbold recently showed that 
developmental 500ug/kg genistein exposure resulted in 
impaired fertility in female mice in adulthood (121). This 
dose of genistein is an order of magnitude lower than that 
consumed by infants fed exclusively soy infant formula (143). 


Breast Cancer 

Breast cancer is the second most fatal cancer for women and one 
out of eight women will be diagnosed in their lifetimes (144). 
While interpreting the trends in breast cancer incidence 
is complicated by many factors (145), it appears that incidence 
has increased in the second half of the twentieth 
century (146,147). For example, in Hong Kong age-adjusted 
risk increased two- to threefold for women born in 1960 
compared with 1900 (Fig. 2 (147)). Ravdin et al. recently 
reported a decline in breast cancer incidence in the United 
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States starting around 2002, but it is still unclear what factors 
have primarily accounted for the change (146,148). 

In humans, exposure to steroidal estrogens is associated with 
increased breast cancer risk, and xenoestrogen exposure has been 
associated with increased breast cancer risk in adulthood. As 
discussed above, increased fetal estrogen exposure, endogenous 
or exogenous, is associated with increased adult breast cancer 
risk, while decreased exposure is associated with reduced risk. 
Developmental DES exposure has clearly been associated with 
increased breast cancer risk (71). While it is difficult to study 
unknown exposures with long-latency diseases 40 to 70 years 
later, developmental xenoestrogen exposure has been associated 
with altered mammary gland development and cancer risk in 
laboratory animals (107,149-161). 


Male Reproductive Tract 

There is some evidence that reproductive tract abnormalities 
in boys are influenced by developmental estrogen exposure. 
Cryptorchidism, hypospadias, and testicular cancer incidence 
are higher in first-born boys. Since maternal estrogens are 
higher in first pregnancies, these data are compatible with the 
hypotheses linking excessive pregnancy-estrogen exposure to 
conditions more common among first-born individuals (162). 
Additionally, cryptorchidism and testicular cancer increase in 
boys born to older mothers (163). However, unlike breast 
cancer and endometriosis, cryptorchidism does not appear to 
be related to maternal smoking (164). 

Vegetarians tend to consume greater quantities of soy-based 
products than their omnivorous counterparts. Thus, vegetar- 
ians are exposed to increased levels of phytoestrogens, 
chemicals in plants that mimic estrogens. A prospective 
cohort study in the United Kingdom that sampled 7928 males 
born in 1991 and 1992 found an odds ratio for hypospadias of 
4.99 for boys who were born to vegetarian mothers (165). An 
increased incidence of hypospadias has also been reported in 
DES grandsons (63-66). 
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Figure 2 Relative risk estimates of incidence of breast cancer by birth cohort. Based on full age—period—cohort model with period constraints. Bars around the 


point estimate indicate the 95% confidence intervals. Source: From Ref. 147. 
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Metabolic Programming 

Newbold and colleagues have also shown that developmental 
exposure to DES at a dose of 1 Ug/kg/day but not at higher 
doses (10-100 ug/kg/day) can cause obesity in adulthood in 
mice (reviewed in (166)). At 2 months of age, prior to a 
difference in size between DES-treated and control mice, the 
DES mice had elevated levels of leptin, adiponectin, IL-6, and 
triglycerides. By 6 months of age, densitometry studies 
indicated that the DES-exposed mice had increased abdominal 
fat, which was not likely caused by a slightly increased food 
intake and/or decreased activity. Furthermore, Newbold et al. 
have also shown that DES-exposed animals have a high level of 
islet cell hyperplasia, indicating that they may have problems 
with glucose homeostasis (reviewed in (166)). 


Androgens 

There are several environmental chemicals that interfere with 
androgen action. Chemicals that bind to the androgen 
receptor and prevent androgen action are known as androgen 
receptor antagonists, including DDE (a metabolite of the 
pesticide DDT), vinclozolin, a fungicide, and several phtha- 
lates. Phthalates are esters of phthalic acid and are used in 
hundreds of products, including plasticizers, PVC resins, and 
cosmetic and personal care products such as shampoos and 
soaps. As of 2004, manufacturers produced about 800 million 
pounds of phthalates each year. They contribute 10% to 60% 
of plastic products by weight (167). 

The incidence of male reproductive tract disorders, 
including cryptorchidism, hypospadias, testicular cancer, and 
low sperm count, has increased over the last 30 to 50 years 
(168-174). It has been postulated that these disorders 
comprise a testicular dysgenesis syndrome (TDS) and may 
have a common etiology of deficient androgen production or 
action during development of the testes in fetal life (175). 

Normal sexual differentiation of the male reproductive tract 
is androgen dependent. Exposure to antiandrogens during 
sexual differentiation produces malformations of the repro- 
ductive tract in humans and rodents. For example, the 
fungicide vinclozolin is an antiandrogen. Developmental 
exposure to vinclozolin during sexual differentiation in rats 
resulted in reduced anogenital distance, retained nipples, cleft 
phallus with hypospadias, cryptorchidism, a vaginal pouch, 
epididymal granulomas, and small-to-absent sex accessory 
glands (176). 


Anogenital Distance (AGD) 
AGD is a marker for sexual differentiation. In humans, AGD is 
measured from the anus to the base of the scrotum in males 
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and from the anus to the genitals in females and is about twice 
as long in males as in females (177). AGD is androgen 
dependent and developmental exposure to antiandrogens 
reduces AGD. Many laboratory studies have shown that 
developmental exposure to EDCs with antiandrogenic activity, 
such as di-n-butyl phthalate, bis(2-ethylhexyl) phthalate, 
linuron, procymidone, and DDE (a metabolite of the pesticide 
DDT) can reduce AGD (176). 

Phthalates have been shown to have estrogenic activity and 
antiandrogenic activity, and to alter androgen production. 
Importantly, Swan et al. prospectively examined the relation- 
ship between developmental phthalate exposure and age- 
adjusted AGD (anogenital index) in infant boys (178). AGI was 
inversely related to four phthalate metabolites in maternal 
circulation during pregnancy (Table 2). Boys with the highest 
developmental exposure were 10 times more likely to have a 
shorter AGD than boys with the lowest prenatal exposure (178). 


Testicular Cancer 

Testicular cancer incidence is associated with higher serum 
levels of EDCs in adulthood (179) and maternal levels of EDCs 
(180,181). Over the past 50+ years, the incidence of testicular 
cancer has risen at an alarming rate. In a number of studies 
from around the world, it is estimated that between 
approximately 1982 and 2005, incidence of testicular cancer 
rose 2.4% per year in Spain (182), 2.6% per year in Australia 
(183), 2.3% to 3.4% per year in the Nordic countries, and by 
5% in Poland and Germany (184). For men in six European 
countries born after 1945, the risk of testicular cancer increased 
in all six countries. Relative risks for those born around 1965 
were 3.9 in Sweden and 11.4 in East Germany (185). 


Cryptorchidism 

The incidence of cryptorchidism doubled in the United States 
between 1968 and 1993 and has been associated with 
developmental exposure to several EDCs (168). During a 
period of peak use of the pesticide DDT in the United States 
between 1959 and 1967, babies born to mothers with the 
highest serum DDT levels had nearly a twofold increased risk 
of cryptorchidism when compared with those whose mothers 
had lowest serum DDT levels (186). 

Similarly, the concentration of 21 persistent and non- 
persistent EDCs in the breast milk of Finnish and Danish 
mothers between 1997 and 2001, as measured in a series of 
case reports from a prospective birth cohort, was associated 
with an increased risk of cryptorchidism (187-189). A 
combined statistical analysis for the eight most prevalent 
persistent EDCs (p,p’-DDE, p,p’-DDT, B-HCH, HCB, 


Table 2 Mean (Median) Phthalate Monoester Metabolite Levels by Anogenital Index Category 


Monoester metabolite Long? (n = 17) 
MBP Ta GUS) 
MBzP 10.6 (6.6) 
MEP 124 (47.1) 
MiBP Aa S) 


AGI category [mean (median; ng/mL)] 


Intermediate? (n = 43) Short! (n = 25) 


22 (B10) 38.7 (24.5) 
15.1 (7.7) 25.8 (16.1) 
592 (112) 1,076 (225) 
3.3 (2.1) 7.7 (4.8) 


“Long, AGI 275th percentile of expected AGI. "Intermediate, 25th percentile < AGI <75th percentile of expected AGI. ‘Short, AGI <25th percentile of 
expected AGI. Abbreviations: MBP, mono-butyl phthalate; MBzP, mono-benzyl phthalate; MEP, mono-ethyl phthalate; MiBP, mono-isobutyl phthalate. 


Source: From Ref. 178. 
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a-endosulfan, cis-HE, oxychlordane, and dieldrin) revealed 
higher concentrations in the breast milk of case mothers. This 
indicates that a mixture of low concentrations of EDCs may 
be more important when assessing the risk of cryptorchidism 
than the concentration of any single chemical (187). The 
concentration of the sum of seven polybrominated diphenyl 
ethers, which are commonly found in flame-retardants, was 
also significantly higher in the breast milk of mothers of 
cryptorchid boys compared with controls (188). Additionally, 
phthalate levels in the mothers’ breast milk were associated 
with altered levels of hormones related to Leydig cell 
function, which might have led to decreased virilization in 
this cohort (189). 


Hypospadias 

In 1997, the CDC reported a doubling of hypospadias in the 
United States from 1968 to 1993 (169). European countries 
also reported increases in hypospadias but increases were not 
seen in less affluent countries (168). Exposure to industrial and 
agricultural EDCs during development is associated with 
increased risk of hypospadias as demonstrated by Dolk et al. 
(190) and Carbone et al. (191). 

Phthalate exposure during sexual differentiation has been 
shown to lead to TDS in laboratory animals (192). One 
hypothesis for the increased incidence of male reproductive 
tract disorders in humans is developmental exposure to EDCs 
that can alter androgen signaling. Wilson et al. reviewed 
different groups of EDCs that converge on androgen signaling. 
While the exact mechanisms of these EDCs differed, the end 
result was a reduction in testosterone signaling through 
androgen receptor (193). 


Sperm Count 

Sperm counts have declined over the past 60 years. In a meta- 
analysis, Swan et al. found a twofold reduction in sperm 
counts from 1938 to 1990 (172). Since Swan et al. have 
confirmed their initial findings and expanded the scope of 
years examined, the number of studies examined, and further 
analyzed confounders and statistical methods used for 
approximating the decline (171,173), adult and developmental 
exposure to environment chemicals has been linked to lower 
sperm counts. Swan et al. compared semen characteristics, 
including sperm concentration, from samples collected at four 
centers in the United States (Columbia, Missouri; New York, 
New York; Minneapolis, Minnesota; and Los Angeles, 
California). All samples were collected and analyzed following 
very strict protocols, and it was found that the men from 
Missouri had the lowest sperm concentrations, which in turn 
was associated with higher urinary concentrations of five 
pesticides, including alachlor and atrazine, which are com- 
monly used herbicides (170,194). The data suggest that 
residence in a rural community with high pesticide exposure 
may affect sperm concentrations. 

Developmental exposure to anabolic steroids or xenobiotics 
in beef has been linked to low sperm count in adulthood. 
Fertile men whose mothers consumed seven or more beef 
meals per week during pregnancy had 24% lower sperm count, 
were more likely to have a history of infertility, and there was a 
threefold increase in the proportion of these men with less 
than 20 million sperm per mL (195). 
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THYROID HORMONE 

Unlike xenoestrogens and environmental antiandrogens that 
bind directly to the estrogen and androgen receptor, EDCs that 
disrupt thyroid function do so without binding to the thyroid 
receptor. Howdeshell extensively reviewed EDCs for their 
potential to interfere with thyroid hormone signaling and 
found over 150 chemicals with the ability to disrupt thyroid 
hormone action (196). EDCs have been shown to disrupt 
nearly every step in the synthesis and metabolism of thyroid 
hormone (196). For example, EDCs have been shown to alter 
thyroid hormone synthesis, uptake of iodine by the thyroid 
gland, and binding to specific thyroid-binding proteins 
in blood. 

Polychlorinated biphenyls (PCBs) are a group of chemicals 
used in a variety of manufacturing applications, for example, 
in coolants, transformers, plasticizers, oils, adhesives, and so 
on. PCBs are persistent organic pollutants that are highly toxic, 
similar in action to dioxin, and used widely until their ban in 
1976 in the United States. In addition to acute toxicity, PCBs 
are endocrine disruptors and interfere with normal hormone 
action, particularly estrogen and thyroid hormone signaling. 

Adequate thyroid hormone during development is essential 
and inadequate levels are associated with cognitive deficits in 
children born to pregnant women with hypothyroidism (197). 
PCBs have been shown in the laboratory to interfere with 
multiple steps in thyroid hormone physiology (reviewed 
in (196)). Many studies of prenatal exposure to PCBs have 
been undertaken in various parts of the world and have shown 
negative effects on neurodevelopment (198-208). For exam- 
ple, Jacobson et al. examined infants in the Lake Michigan area 
selected based on their mothers’ fish consumption. Because 
PCBs are persistent and lipophilic, they bioaccumulate in the 
food chain and have been found in high concentrations in fish 
and fish eaters. Infants with high levels of PCBs showed 
impaired visual memory (204). In 4-year-olds, prenatal PCB 
exposure was associated with lower scores in verbal and 
numerical memory (203), visual discrimination processing, 
and impaired short-term memory scanning (209). In 11-year- 
olds, prenatal PCB exposure was correlated with lower full- 
scale and verbal IQ scores. On average, IQ scores were 
6.2 points lower in the highest exposure group than their 
lesser-exposed peers (202). It was also estimated that PCB- 
exposed children were up to 7.2 months behind in word 
comprehension (202). Since PCBs were banned in 1979, 
human exposure to these persistent chemicals has slowly 
declined. However, PCBs are very persistent chemicals and 
cognitive dysfunction is still reported, suggesting that 
environmentally relevant doses of endocrine-disrupting 
chemicals may alter human neurodevelopment (210). 


SUMMARY 

There is a great need for research to define the mechanisms of 
fetal programming. These mechanisms involve epigenetic 
changes, that is, the effects do not result from DNA mutations. 
Intense research centers on elucidating the mechanisms 
responsible for fetal programming and the epigenetic altera- 
tions regulating gene expression and adult disease. Epigenetic 
mechanisms include DNA and histone methylation, and 
histone acetylation (211,212). These marks can retain fetal 
programming information into adult life. 
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While high-dose/pharmacologic exposures have been asso- 
ciated with birth defects and severe long-latency effects (DES), 
it is likely that current human exposure to other pharmaceu- 
ticals and industrial chemicals may program the fetus and 
result in more subtle alterations in adult phenotype. Establish- 
ing cause and effect relationships between exposures and these 
subtle effects is much more difficult. Despite the difficulty in 
demonstrating such cause and effect relationships with subtle 
long-latency effects, these associations have been found in 
controlled experiments in human and laboratory animal 
studies and it is clear that subtle fetal programming occurs in 
people and alters adult disease risk. It is likely that only the tip 
of the iceberg has been described to date, and it is largely 
unknown the extent that the fetal environment programs 
lifelong phenotypes. Given this backdrop, every effort should 
be made to use the precautionary principle in counseling 
pregnant women about pharmaceutical use and minimizing 
exposure to environmental chemicals, such as indoor 
pesticides and painting while pregnant. Maternal risk of 
withholding medication must be considered, but when 
potential fetal risks outweigh maternal benefit, the precau- 
tionary principle should be employed. 
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INTRODUCTION 

Since the first clinical use of fetal sex determination by 
amniocentesis in 1967, there has been a virtual explosion in 
both the availability and the application of prenatal diagnosis 
in the management of pregnancy. The rapid expansion of this 
field has been a result of numerous advances. The quality of 
ultrasonography has vastly improved, allowing detection of 
both gross and increasingly more subtle congenital anomalies 
and providing accurate guidance for diagnostic procedures 
including amniocentesis, chorionic villus sampling (CVS), 
fetal blood sampling, and fetal biopsy. The safety of these 
invasive methods improved due to higher resolution ultra- 
sonography as well as progress in the development of the 
techniques themselves. Simultaneously, the “revolution” in 
molecular genetics has resulted in the identification of the 
genes and mutations responsible for many inherited disorders. 
This knowledge can, in many cases, be applied directly to 
prenatal diagnosis for pregnancies at risk for specific genetic 
diseases. All of these factors have contributed to the need for 
maternal—fetal medicine specialists to become experts in the 
field of prenatal diagnosis. 

This chapter reviews the most common indications for 
prenatal diagnosis and the invasive methods currently used. 
The status of preimplantation diagnosis and of prenatal 
diagnosis using fetal cells or fetal DNA isolated from the 
maternal circulation is reviewed. 


INDICATIONS FOR PRENATAL DIAGNOSIS 

The most common reasons for referral for genetic counseling 
and prenatal diagnosis are summarized in Table 1. Currently, 
invasive prenatal testing is offered when the likelihood of 
detecting an abnormality exceeds the statistical risk of 
pregnancy loss related to the diagnostic procedure. Ethical 
issues regarding the somewhat arbitrary determination of 
when to offer prenatal diagnosis were recently considered and 
universal access to genetic diagnosis proposed (1); however, 
this practice is presently far from being adopted. 


Maternal Age 

The relationship between advancing maternal age and 
increasing incidence of chromosomal abnormalities due to 
meiotic nondisjunction is well established (2). The steadily 
rising risk with maternal age applies not only to trisomy 21 
(Down syndrome), but to any trisomy or monosomy. The 
chance for a 35-year-old woman to have a live-born infant 
with a chromosomal abnormality is 1 in 192 (3). This risk 
approximates the stated 1 in 200 risk of procedure-related loss 
with second-trimester amniocentesis; thus, women are offered 
prenatal diagnosis for chromosome abnormalities when they 
will be 35 years of age or older at the time of delivery. Many 
chromosomally abnormal fetuses are lost during the course of 
pregnancy; therefore, the likelihood of having an aneuploid 


fetus at the time of amniocentesis (usually 16-20 weeks of 
gestation) is greater than the risk at term (4). For example, 
women who will be 33 years old at the time of delivery have 
a risk of 1 in 200 of having a chromosomally abnormal 
fetus at the time of amniocentesis (4). For this reason, some 
practitioners advocate offering prenatal diagnosis to women 
who are 33 years of age or older, but no consensus has yet been 
reached. 


Chromosomal Abnormalities 

Couples with a previous trisomic child are thought to have 
approximately a 1% risk of recurrence (5) and are thus offered 
prenatal diagnosis. Siblings and second-degree relatives to an 
individual with Down syndrome may have a slightly increased 
risk for having a similarly affected child (6), though most 
studies have not demonstrated an increased incidence of 
Down syndrome in second- or third-degree relatives (7,8). 
Many people with an affected relative have a high degree of 
anxiety, which may justify prenatal testing. 

Translocations and other chromosomal structural rearran- 
gements can predispose to chromosomally abnormal progeny 
(see chapter 43 for a description of translocations). Couples in 
whom one partner carries a balanced reciprocal translocation 
are at high risk for recurrent pregnancy loss. At the time of 
prenatal diagnosis, approximately 10% to 12% of progeny have 
an unbalanced chromosome complement (9,10), while this 
risk declines to 6% of live-born offspring because of 
spontaneous abortion (11). Progeny of Robertsonian translo- 
cation carriers are at risk for trisomy or monosomy of the 
involved chromosomes, with the risk dependent on the specific 
chromosomes participating in the translocation (9,10). An 
extreme example is that of a Robertsonian 21/21 translocation 
carrier, whose progeny would all be predicted to be either 
trisomic (Down syndrome) or monosomic (lethal) for 
chromosome 21. Couples with a history of multiple pregnancy 
losses should be offered karyotypes to determine whether one 
member is a translocation carrier. Individuals known to be 
translocation carriers should be offered prenatal cytogenetic 
testing, as the fetal karyotype result may be normal, balanced, 
or unbalanced, with the proportion of each karyotype result 
varying, dependent on the specific translocation (10). 


Multiple-Marker Screening in the Second Trimester 

The history of multiple-marker screening began in 1972 when 
Brock and Sutcliffe described the association of fetal 
anencephaly and spina bifida with elevations in maternal 
serum alpha-fetoprotein (MSAFP) levels (12). Subsequently, 
studies in the United States (13) and the United Kingdom (14) 
proposed the establishment of screening programs to detect 
pregnancies complicated by fetal open neural tube defects. 
During the 1980s, such screening programs became wide- 
spread in the United States, where the incidence of neural tube 
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Table 1 Indications for Prenatal Diagnosis 


Maternal age 33 or more at delivery 

Family history of chromosomal abnormality 

Parental translocation carrier 

Abnormal MSAFP or multiple-marker screening 

Family history of neural tube defect 

Single-gene disorder—family history or carrier detected by 
population screening 

e Congenital malformation detected by ultrasonography 

© Maternal desire 


Abbreviation: MSAFP, maternal serum alpha-fetoprotein. 


defects is 1 to 2 per 1000 live births (15). Elevated MSAFP 
values are associated not only with open neural tube defects, 
but also with other fetal abnormalities involving a break in skin 
integrity such as ventral wall defects (omphalocele, gastro- 
schisis), teratoma, bladder exstrophy, or aplasia cutis. 
Numerous other fetal and placental abnormalities have been 
reported in association with elevated MSAFP levels (16,17). In 
addition, elevations in MSAFP unexplained by sonographic 
findings are associated with an increased risk of pregnancy 
complications, fetal growth restriction, and fetal death (17,18). 
The American College of Obstetricians and Gynecologists has 
proposed an algorithm for the evaluation of pregnancies with 
elevated MSAFP levels including ultrasonography, amniocent- 
esis for amniotic fluid AFP, and acetylcholinesterase if the 
amniotic fluid AFP is elevated (15). Since MSAFP screening 
became the standard of care in the United States, elevated 
MSAFP has become a common indication for referral for 
prenatal diagnosis. 

The clinical utility of MSAFP screening expanded substan- 
tially when an association was found between low MSAFP 
values and fetal chromosomal abnormalities (19,20). Using a 
combination of maternal age and MSAFP to identify 
pregnancies at high risk, approximately 20% of Down 
syndrome pregnancies in women younger than 35 years were 
detected in prospective trials (21,22). Subsequently, Down 
syndrome pregnancies were found to be associated with 
elevated maternal serum concentrations of human chorionic 
gonadotropin (hCG) (23) and decreased unconjugated estriol 
(uE3) (24) as compared with normal controls. In a large 
prospective trial using maternal age in combination with 
maternal serum levels of AFP, hCG, and uF; to assign a risk of 
fetal Down syndrome of >1:190, 58% of Down syndrome 
pregnancies were identified, and 38 amniocenteses were 
performed for each confirmed case of Down syndrome (25). 
This trial included women ranging in age from 16 to 41 years. 
Since this publication in 1992, multiple-marker or “triple” 
screening came into more widespread use. Further applica- 
tions of the triple screen have followed, with the recognition of 
a characteristic pattern of low values for AFP, hCG, and uE; in 
association with trisomy 18 (26,27), and a pattern similar to 
that for an increased risk for Down syndrome (low AFP, 
low uE3, high hCG) in association with Turner syndrome 
(45,X) (28,29). A newer maternal serum marker, dimeric 
inhibin-A, also measured in the second trimester, is approxi- 
mately 2.06 times the median value in fetuses affected with 
Down syndrome (30). The detection rate for Down syndrome 
with the addition of inhibin-A is approximately 80%. Serum 
screening in the second trimester with the inclusion of 
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inhibin-A may be called the “quadruple screen.” It is 
important to note that inhibin-A is not used in the calculation 
of trisomy 18. 

Multiple-marker screening allows the detection of preg- 
nancies that would otherwise not be considered at increased 
risk for either neural tube defects or chromosomal aneuploidy. 
Older women may opt for multiple-marker screening to 
readjust their age-related risk of fetal Down syndrome and 
trisomies 18 and 13. A recent guideline from the American 
College of Obstetricians and Gynecologists suggests that all 
women be offered aneuploidy screening before 20 weeks of 
gestation, regardless of maternal age (31). 

One of the main disadvantages of multiple-marker screen- 
ing was its timing in the second trimester. An abnormal screen, 
typically obtained at 16—18 weeks of gestation, sets into motion 
a series of events including repeat screening in some cases (if 
AFP is high, not for increased risk of aneuploidy), ultrasono- 
graphy to confirm dating, genetic counseling, and the offer to 
have amniocentesis for chromosomal analysis and amniotic 
fluid AFP measurement. At the completion of this evaluation, 
most patients are beyond 18 weeks and many are beyond 
20 weeks of gestation. By this time, many pregnant women 
have begun to feel fetal movement and are readily recognized 
as pregnant by casual observers. In addition, the options for 
termination are induction methods (prostaglandin and/or 
urea instillation, prostaglandin suppositories) or dilatation and 
evacuation at an advanced gestational age. Either method is 
associated with significantly greater morbidity than first- 
trimester dilatation and curettage, as well as increased medical 
costs. For these reasons, the ability to perform screening in the 
first trimester provides a significant benefit over second- 
trimester screening. 


Multiple-Marker Screening in the First Trimester 

Multiple biochemical marker screening may also be offered in 
the first trimester. Investigations into the first-trimester 
biochemical maternal serum marker screening began in the 
1980s. Two useful markers emerged, free beta human 
chorionic gonadotropin (fBhCG) and pregnancy-associated 
plasma protein A (PAPP-A). While maximum detection rates 
for each of these markers are at 14 completed weeks for fBhCG 
and 9 completed weeks for PAPP-A (32,33), used together 
(along with maternal age) at 11 to 13 weeks of gestation yields 
a detection rate for Down syndrome of approximately 67% 
with a false positive rate set at 5%. Better detection rates are 
obtained by incorporating a sonographically acquired mea- 
surement of the sonolucent area just under the skin line on the 
posterior fetal neck, the nuchal translucency (NT). Using only 
first-trimester NT screening and maternal age (without 
biochemistry) has yielded a Down syndrome detection rate 
of 73% at the same 5% false positive rate. Today, first- 
trimester “combined” screening employs maternal age, 
maternal serum analytes, and an NT, with or without the 
presence or absence of the fetal nasal bone to arrive at an 
individual’s risk for fetal Down syndrome. In one large 
prospective study, in women 235 years old, the detection 
rate was 89.8% for fetuses with trisomy 21 with a false positive 
rate of 15.25%, while 100% of fetuses with trisomy 18 were 
detected (34). For those women <35 years old, first-trimester 
“combined” screening had a detection rate for trisomy 21 of 
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60% with a false positive rate of 5%. In pregnancies 
complicated by fetal trisomies 13 and 18, free BhCG and 
PAPP-A are decreased, while those pregnancies complicated 
by fetal sex chromosome abnormalities demonstrate a normal 
free BhCG and PAPP-A is low (35-37). 

Measurements of the NT may be taken from 10 to 14 weeks 
of gestation. In a prospective screening study of 1273 women 
mostly of advanced maternal age, Nicolaides et al., observed an 
NT of 23mm in 86% of the trisomic and 4% to 5% of 
the normal fetuses. An NT of 23mm was associated with a 
12-fold increase in fetal aneuploidy and was independent of 
maternal age (38). This study was confirmed by Chitty et al. in 
a group of patients who were not considered at risk for fetal 
aneuploidy (39). As the gestational age increases, so does the 
NT. Gestational age-specific multiples of the median have 
been derived and are used commonly. 

There are several other terms in use today that describe 
various combinations of first-trimester screening with second- 
trimester aneuploidy screening, including “integrated” 
screening and “sequential” screening. The “combined” first- 
trimester screen includes an NT, PAPP-A, and a fBhCG. 
“Integrated” and “sequential” screenings both combine 
elements of first- and second-trimester screening and differ 
when the first-trimester screening results are reported. In an 
“integrated” test, an NT is obtained along with a PAPP-A plus 
a quadruple screen. The results are provided to the patient 
after all tests are completed. In a “stepwise sequential” test, the 
combined first-trimester screen is used plus a quadruple 
screen with results given after each test. In a “contingent 
sequential” test, the combined first-trimester screen is 
performed, and only those with a risk between 1:30 and 
1:1500 have a quadruple screen (40). Not all centers offer, and 
not all women opt for “combined” first-trimester screening. 


Family History of Single-Gene Disorders 

A family history of a single-gene disorder is another common 
indication for referral for prenatal genetic counseling. Fetal 
risk assessment is dependent on many factors, such as the 
distance of the relationship between the affected family 
member and the individual seeking counseling, as well as the 
frequency of the disease gene in the population. Couples with a 
previously affected child may be obviously at higher risk for 
recurrence, while the risk declines with increased distance 
from the affected relative (1°>2°>3°). For example, parents of 
a child with an autosomal recessive disorder have a 25% risk of 
recurrence with each pregnancy. By contrast, the offspring to 
the siblings of an affected individual have a risk calculated as 
follows: the risk of the unaffected sibling being a carrier (2/3), 
times the risk that the partner is a carrier (the population 
carrier frequency if the family history is negative), times the 
risk of having an affected offspring given that both parents are 
carriers (1/4). Thus, for cystic fibrosis, with a carrier frequency 
of 1 in 25 Caucasian Americans, the risk for an unaffected 
sibling of an affected individual to have an offspring with cystic 
fibrosis is 2/3x1/25x1/4 = 1/150. Carrier testing of the sibling, 
when available, may refine these odds. 

Carrier screening is currently widely available for some 
recessive conditions, including sickle cell anemia and Tay- 
Sachs disease. Carrier screening has become available for other 
relatively common genetic conditions, creating another group 
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of candidates for prenatal diagnosis. In 2001, the American 
College of Obstetricians and Gynecologists and the American 
College of Medical Genetics issued guidelines that recom- 
mended cystic fibrosis carrier screening be offered to 
Caucasian couples who are planning a pregnancy or seeking 
prenatal care, and be made available to patients, regardless of 
ethnic background (2001 guideline). Cystic fibrosis is more 
common in Caucasians and in Ashkenazi Jews than in other 
populations, and the screening test detects a higher percentage 
of carriers in this population than in other groups. Due to the 
fact that defining a single ethnicity in many people in the 
United States is becoming more difficult, the guidelines for 
carrier screening from the American College of Obstetricians 
and Gynecologists were updated in 2005 and state that it is 
reasonable to offer cystic fibrosis carrier screening to all 
pregnant patients, provided that women are aware of their a 
priori carrier risk and the test limitations (41). 


Sonographic Findings 

As the resolution and therefore the sensitivity of ultrasono- 
graphy improve, an increasing number of referrals for prenatal 
diagnosis are generated because of sonographic fetal abnorm- 
alities. Some of the more frequent findings include fetal heart 
defects, ventral wall defects, central nervous system abnorm- 
alities, gastrointestinal anomalies, renal anomalies, choroid 
plexus cysts, and nuchal fold thickening. These may be found 
in isolation, in conjunction with chromosomal abnormalities 
or as part of a genetic syndrome. As technical skills in 
ultrasonography as well as the resolution of the images 
improve, fetal abnormalities will be more frequently identified. 
As a result, our understanding of developmental abnormalities 
and what may represent normal variation will expand and 
thereby modify the genetic counseling engendered and what is 
offered in terms of prenatal diagnosis. 

Not only have the indications for referral for prenatal 
diagnosis have expanded over the last four decades, but also 
the methods available to prenatally detect genetic disorders 
have also expanded. In addition to amniocentesis, invasive 
diagnostic methods currently include CVS, fetal blood 
sampling, and fetal biopsy for specific indications. Samples 
obtained by these techniques are used for cytogenetic analysis 
(karyotype, fluorescence in situ hybridization (FISH), array 
comparative genomic hybridization), molecular DNA diag- 
nosis, and/or biochemical evaluation, dependent on the 
specific disorder being investigated. Each invasive procedure 
has risks and benefits to be considered when offering 
diagnostic testing. 


INVASIVE PRENATAL DIAGNOSTIC METHODS 
Midtrimester Amniocentesis 

The use of amniocentesis to prenatally detect chromosomal 
abnormalities was first reported in 1967 (42). Since that time, 
amniocentesis has become a widely accepted method for 
prenatal diagnosis of chromosomal abnormalities, inherited 
diseases, and some congenital infections. Despite about 
experience of three decades with midtrimester amniocentesis, 
determination of the risk of procedure-related pregnancy loss 
has been difficult. Risk estimates have ranged from 0.5% to 1% 
in large, prospective, multicenter trials (43—45). Total loss 
rates following invasive procedures are more readily accessible, 
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encompassing the “background” fetal loss rate plus the 
procedure-related loss rate. A systematic review by Mujezi- 
novic et al. showed a pooled pregnancy loss within 14 days 
after amniocentesis of 0.6% and rising to 0.9% before 24 weeks 
of gestation. The total pregnancy loss rate was 1.9% (46). 

While fetal loss resulting from amniocentesis is considered 
the most serious risk of the procedure, other fetal and maternal 
risks must also be considered. Fetal-needle puncture resulting 
in scars at birth has been reported (47), but is quite rare. 
Amniocentesis performed under continuous ultrasound 
guidance allows sampling of fluid while avoiding fetal parts, 
thus minimizing the risk of such an injury. Two large 
prospective trials found an association between midtrimester 
amniocentesis and neonatal respiratory difficulty (43,44), while 
a study from the National Institute of Child Health and Human 
Development (NICHD) of the U.S. National Institutes of 
Health (43) did not corroborate this finding. An increased 
incidence of orthopedic postural deformities in association with 
amniocentesis was reported in the initial United Kingdom 
Medical Research Council (MRC) study (44), but was not found 
in two other large trials (42,45). 

Other complications from midtrimester amniocentesis 
include chorioamnionitis, leakage of amniotic fluid, 
and vaginal bleeding. The incidence of chorioamnionitis is 
<1 per 1000 procedures (48). Amniotic fluid leakage occurs in 
1% to 2% of patients (42,44), but is usually self-limited, with 
re-accumulation of fluid and a normal pregnancy outcome in 
most cases (49). The incidence of vaginal bleeding after 
second-trimester amniocentesis is also approximately 1% and 
is positively correlated with the number of needle insertions 
required (42). 

An advantage of midtrimester amniocentesis over CVS is 
the ability to measure amniotic fluid levels of AFP, a sensitive 
marker for open neural tube defects and ventral wall defects. 
Normal values for amniotic fluid AFP levels in the first 
trimester have not been clearly established. Detection of 
acetylcholinesterase in the amniotic fluid is a useful adjunct to 
amniotic fluid AFP. Today, high-resolution ultrasound 
imaging with a qualified sonographer is more sensitive than 
MSAFP, which has an 80% sensitivity. High-resolution 
sonographic visualization approaches the sensitivity of am- 
niotic fluid AFP to detect open neural tube defects. In practice, 
ultrasound imaging may detect some closed neural tube 
defects missed by AFP testing. In a study evaluating neural 
tube defect detection, standard ultrasound improved the 
sensitivity of MSAFP by correcting the errors in gestational age 
(50). In this study, moreover, ultrasound detection of neural 
tube defects was 100% (50). 


Chorionic Villus Sampling 

Due to the desire for prenatal diagnosis in time to allow safer 
termination options, increased patient privacy, and decreased 
emotional stress, earlier diagnostic measures were being 
sought. The technique of CVS entered the realm of clinical 
practice in the 1980s. Early attempts to obtain trophoblastic 
tissue had been described in the 1960s and 1970s, which were 
fraught with high failure and complication rates (51,52). The 
ability to perform ultrasound guidance (53) and the develop- 
ment of a thin, malleable catheter for transcervical sam- 
pling (54) led to a resurgence of the technique and the 
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naissance of first-trimester genetic diagnosis. Since the 
publication of these groundbreaking articles, numerous 
investigations, including large prospective trials to determine 
the risks and benefits of CVS, have been undertaken. 

CVS is usually performed between 10 and 14 weeks of 
gestation, but can be performed transabdominally in the first 
trimester as well as throughout later gestation. Cytogenetic, 
molecular DNA analysis, and/or biochemical methods can be 
applied to villus tissue. These assays can detect chromosomal 
abnormalities, specific gene defects or linkage to at-risk loci, 
and/or evidence of enzymatic activity abnormalities in 
pregnancies at known risk for particular inherited conditions. 
In all of these respects, CVS generally provides the same type of 
information available through amniocentesis. There are 
several instances in which these two procedures are not 
equivalent in their ability to provide diagnostic information. 
For example, CVS is not useful in detecting a fetus with an 
open neural tube or ventral wall defect. Admittedly, the 
sonogram performed at the time of CVS might identify such a 
fetus; no information regarding AFP level or the presence of 
acetylcholinesterase, however, can be obtained through CVS. 
In fragile X testing, the methylation status may not yet be 
established in chorionic villi at the time of sampling, and an 
amniotic fluid sample may be needed if ambiguous results are 
obtained from villus tissue. On the other hand, some assays 
can be performed using chorionic villi but not amniocytes. 
The prenatal diagnosis of forms of osteogenesis imperfecta 
that are based on collagen studies cannot be completed on 
amniotic fluid samples (55). Thus, in contemplating the 
preferred method for prenatal diagnosis in a given pregnancy, 
both the couples’ wishes and the ideal means to obtain the 
desired information must be considered. 

The same issues that faced early laboratory investigations of 
cultured second-trimester amniocytes were confronted by 
early investigators of chorionic villus cells, including maternal 
contamination and chromosomal mosaicism. Maternal con- 
tamination from decidual cells poses a threat to long-term 
chorionic villus cell cultures. Careful dissection of the villi 
using a microscope with 40x magnification will minimize 
this risk. 

Chromosomal mosaicism refers to two (or more) cell lines 
in the same tissue, organ, or individual. An example would be 
a villus sample with both a normal (e.g., 46,XX) cell line and a 
trisomic (47,XX,+21) cell line. Because the placenta arises 
from different late progenitor cells than the embryo, mitotic 
errors that result in chromosomal nondisjunction can be 
limited to cells destined to become chorionic villi (56). This 
circumstance is identified as mosaicism by the laboratory at 
the time of CVS and is found in about 1% of chorionic villus 
samples (55). By contrast, mosaicism is seen in 0.25% of 
midtrimester amniotic fluid samples (57). 

Frequently, when mosaicism is found by CVS, the fetus is 
chromosomally normal (58). If, however, a mitotic error 
occurred in a very early progenitor cell, both the villus and the 
embryonic descendants of this progenitor could contain the 
abnormality. In such a case, a chromosomal abnormality 
would often be revealed both at CVS and at follow-up 
amniocentesis. More often, follow-up amniocentesis in the 
midtrimester usually has normal cytogenetic results (59), with 
normal fetal outcomes. Though a normal karyotype on 
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amniocytes provides presumptive evidence for a chromoso- 
mally normal fetus, it is not a guarantee, as mosaicism can be 
limited to only some fetal tissues. 

As for any prenatal diagnostic method, patients are 
concerned about the risk of procedure-related pregnancy loss. 
Initial studies to assess the safety of first-trimester CVS were 
descriptions of clinical experience, which described total fetal 
loss rates from 2% to 7% (60,61) and were unable to address 
the procedure-related loss rate. A large proportion of the total 
loss rate represents the naturally occurring spontaneous 
abortions characteristic of an earlier gestational age. In 
addition, chromosomally abnormal fetuses are viable in 
greater proportions at 10 to 12 weeks than at 16 to 20 weeks, 
the time of midtrimester amniocentesis. These and other 
issues were subsequently addressed in several multicenter trials 
of CVS. 

Similar rates of pregnancy loss were found between CVS 
and midtrimester amniocentesis in a large randomized 
Canadian trial (62), in which the observed difference in loss 
rates between eligible women with a sonographically viable 
fetus at 9 to 12 weeks in the CVS and midtrimester 
amniocentesis groups was 0.6%, which was not statistically 
significant. 

The MRC European trial of CVS (63) was less optimistic 
about the safety of the procedure. This multicenter, 
prospective study compared pregnancy outcomes after 
randomization with either first-trimester CVS or midtrimester 
amniocentesis. The study concluded that CVS “reduces the 
chances of a successful pregnancy outcome by 4.6% in 
comparison with second-trimester amniocentesis.” One 
explanation for the increased loss rate in the MRC trial may 
be related to operator experience; the European study 
included a larger number of centers, with individual centers 
contributing fewer patients. 

A prospective, nonrandomized trial conducted by the 
NICHD Collaborative Group (46) also compared pregnancy 
outcomes in patients undergoing first-trimester transcervical 
CVS with a group of patients undergoing midtrimester 
amniocentesis. This study showed total loss rates of desired 
pregnancies of 7.2% in the CVS group and 5.7% in the 
amniocentesis group. These rates included elective termina- 
tions for chromosomal and sonographic abnormalities, as well 
as spontaneous losses. After correction for differences in 
gestational age and maternal age between the two groups, the 
total excess loss rate in the CVS group was 0.8% when 
compared with the amniocentesis group. While this difference 
was not statistically significant, some centers currently quote a 
slightly higher procedure-related loss rate for CVS than for 
second-trimester amniocentesis. Many patients, nonetheless, 
would consider the benefits of early diagnosis in choosing to 
have CVS including the greater safety of pregnancy termina- 
tion at an earlier gestational age. The systematic literature 
review cited earlier estimates a total pregnancy loss rate of 
0.7% within 14 days, 1.3% before 24 weeks of gestation, and an 
overall pregnancy loss rate of 2% with CVS (46). 

In addition to the pregnancy loss rate, the question of an 
increased risk of fetal limb abnormalities in association with 
CVS has undergone scrutiny. Firth and coworkers (46) 
reported an unusually high incidence of oromandibular-limb 
hypogenesis syndromes in pregnancies undergoing CVS at 56 
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to 66 days of gestation (8—9 weeks). None of the three large 
trials (61-63), in which CVS was usually performed at 10 to 
12 weeks of gestation, found such an association. This led Firth 
et al. to hypothesize that an earlier gestational age at the time of 
CVS may predispose to limb reduction defects (64). 

Subsequently, Burton and colleagues (65) reported their 
experience in which four transverse limb reduction defects 
were identified during follow-up after CVS in 436 pregnancies, 
an incidence far greater than the reported incidence of limb 
malformations of 1 in 1500 to 2000 live births (66). The 
procedures were performed at 9.6 to 11.3 weeks of gestation, 
thus the limb abnormalities cannot be explained by early 
timing of the CVS. This report has prompted speculation 
regarding the technique used in the single center involved, 
particularly since their spontaneous loss rate was considerably 
higher than that of other centers (67). A survey conducted in 
Taiwan (68) also found an association between CVS and limb 
defects, with a 100-fold increased incidence of severe limb 
defects after CVS exposure as compared with the general 
population. However, in this series, 87% of the cases involving 
limb defects in which the timing of CVS was known were 
performed prior to 63 days (9 weeks) of gestation. In an effort 
to objectively evaluate the potential etiologic role of CVS in the 
development of limb reduction defects she first described, 
Firth and colleagues reported a series of 75 infants who were 
exposed to CVS in utero and had limb reduction defects at 
birth (69). The authors found a strong correlation between 
increasing severity of the defects and earlier gestational age at 
the time of CVS, with the most severe defects following CVS at 
9 weeks of gestation or less. These studies and others support 
postponement of CVS until 9 completed weeks of gestation to 
minimize the risk of fetal injury. 

Operator experience may explain the lack of an association 
with fetal limb defects reported by the majority of U.S. centers. 
A publication by the World Health Organization reported an 
incidence of approximately 6 limb reduction defects per 
10,000 CVS cases (70), which is consistent with the back- 
ground rate of this congenital anomaly (65). At this time, most 
centers feel that patients should be informed of the possible 
association, made aware of their options, and allowed to select 
a method of prenatal diagnosis most consistent with their 
medical and psychosocial needs. 

Chorionic villus tissue may be obtained by one of three 
approaches: transcervical, transabdominal (71,72), or transva- 
ginal (73). The transcervical method is currently the most 
widely used, although some claim that transabdominal 
sampling has a lower risk of infection and is easier to perform 
due to the technique’s similarity with amniocentesis. Several 
prospective randomized trials compared transabdominal and 
transcervical methods. Two of these studies, a collaborative 
one through the NICHD (74) and a single-center study by 
Brambati and colleagues (75), found no difference in the 
success of sampling, fetal loss, delivery, or neonatal outcome 
between groups. A third randomized trial (76) showed a 
significantly greater total fetal loss rate after transcervical CVS 
(10.9%) when compared with transabdominal CVS (6.3%) 
and midtrimester amniocentesis (6.4%). The reasons for the 
differences in fetal loss rates are unclear. In all the three 
studies, an increased incidence of minor symptoms were 
found in the groups undergoing transcervical CVS. 
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Common symptoms following CVS include cramping, 
spotting, and vaginal bleeding. Minor cramping is reported 
by 16% to 22% of women after transabdominal or 
transcervical CVS (74,78); 19% to 32% reported spotting 
after transcervical procedures, versus 4% after transabdominal 
CVS (74,78); vaginal bleeding as heavy as a menstrual period 
was reported by up to 6% to 7% of patients after transcervical 
CVS and only 1% to 2% of women undergoing transabdom- 
inal CVS (63,74). Amniotic fluid leakage is uncommon after 
CVS, occurring transiently in 1.1% and for several weeks in 
0.7% of cases in the initial NICHD study (78), and less 
frequently in other reports. Of those women who continued to 
leak fluid, 20% (3 of 14 patients) went on to lose the 
pregnancy. 

A significant concern is the risk of infection. For this reason, 
transcervical CVS is contraindicated in the presence of a 
genital tract infection, including active herpes genitalis. Case 
reports of septic abortion and septic shock following CVS have 
been published (77,79); however, this complication was not 
reported in any of the large CVS trials. 


Fetal Blood Sampling 

Though amniocentesis or CVS is usually sufficient for prenatal 
diagnosis, fetal blood sampling can provide rapid and accurate 
analysis for a multitude of disorders (Table 2). For prenatal 
cytogenetic analysis, amniocentesis and CVS are the most 
widely used methods. However, patients occasionally present 
at late gestational ages with compelling indications for rapid 
fetal karyotype, such as severe intrauterine growth retardation, 
oligohydramnios, hydrops fetalis, or major fetal anomalies. 
Though CVS or amniocentesis may provide diagnostic 
information, the quality of a rapid cytogenetic analysis from 
direct preparations of villus tissue may be poor, and the time 
required for culture of amniocytes or villi may significantly 
alter obstetric management. Under such circumstances, fetal 
blood sampling to obtain a fetal lymphocyte karyotype, which 
is usually available in 2 to 3 days, may be indicated. A clinical 
example would be a patient in the mid-third trimester of 
pregnancy presenting with preterm labor, severe fetal growth 
retardation, and a fetal cardiac defect detected by ultrasound. 
A rapid diagnosis of trisomy 18 would allow that patient to 
undergo counseling and afford her the option of foregoing 
tocolysis, antepartum surveillance, cesarean section for fetal 


Table 2 Indications for Fetal Blood Sampling 


Chromosomal 

Karyotype 

Mosaicism 
Intrauterine infection 

Toxoplasmosis 

Rubella 

Varicella 

Cytomegalovirus 

Human parvovirus B19 
Red cell isoimmunization 
Platelet isoimmunization 
Fetal hematologic indices 
Hemoglobinopathies 
Immunodeficiency syndromes 
Assessment of fetal acid—base status 
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indications, and neonatal intervention after birth. Patients may 
also be offered fetal blood sampling to provide rapid diagnosis 
at the time limits of legal pregnancy termination. 

An ever-increasing number of inherited conditions can be 
diagnosed through molecular, cytogenetic, and biochemical 
techniques, as the gene alterations, chromosomal locations 
(for linkage analysis), and/or enzymatic derangements relevant 
to specific disorders are identified. As a result, fetal blood has 
become infrequently required for the prenatal diagnosis of 
coagulopathies, hemoglobinopathies, and other heritable 
diseases. Historically, some of the first applications of prenatal 
diagnosis were to detect hemoglobinopathies. This was done 
initially using fetoscopically obtained fetal blood, a procedure 
associated with higher rates of morbidity and fetal mortality 
(80,81). Later, knowledge of specific gene defects and 
advancements in molecular technology allowed diagnosis 
using DNA extracted from amniocytes (82), and subsequently 
chorionic villi, methods that are now applied for the detection 
of numerous inherited conditions. 

Other specific applications of fetal blood sampling for 
diagnostic and treatment purposes are considered throughout 
this text. Examples include fetal evaluation for viral infections, 
erythroblastosis fetalis, allommune thrombocytopenia, and 
assessment of fetal acid—base status. Fetal blood sampling may 
be performed either by cordocentesis or fetal intrahepatic vein 
sampling (83). The techniques and complications of fetal 
blood sampling are discussed at length in chapter 53 and 
therefore will not be considered here. 


NONINVASIVE METHODS FOR PRENATAL DIAGNOSIS 
Preimplantation Genetic Screening and Diagnosis 
Preimplantation genetic techniques have transformed our 
existing ideas of ascertaining genetic abnormalities in off- 
spring. Preimplantation genetic screening (PGS) refers to the 
technique used to assess for the possible existence of 
embryonic aneuploidy. Preimplantation genetic diagnosis 
(PGD) refers to the technique used to rule out specific genetic 
conditions, by analyzing the embryonic DNA. Development of 
the polymerase chain reaction (PCR) (84) revolutionized 
molecular genetics. PCR permits millions of copies of a 
targeted DNA segment to be amplified from a small DNA 
sample in a matter of hours. This technology has been 
combined with in vitro fertilization in an effort to provide 
earlier information by PGD. For couples at risk for an inherited 
disorder, results obtained from amniocytes or chorionic villi 
may present them with a difficult decision of whether or not to 
continue the pregnancy. Many women would prefer to 
completely avoid carrying affected fetuses (85), and some 
would prefer a technology that allows testing of embryos prior 
to implantation. The technology for PGD is quite expensive, 
however, a factor that must be considered at a time when 
resources available for health care are being allocated. 

The technology involved in preimplantation diagnosis 
includes in vitro fertilization, embryo or polar body biopsy, 
PCR amplification of the DNA sequences of interest, and 
molecular genetic techniques using the amplified DNA to 
determine the presence or absence of a specific allele(s) in the 
embryo. Only those embryos with genetic material predictive 
of an unaffected fetus are implanted, thus avoiding the need 
for pregnancy termination. 
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Methods to obtain the cell(s) required for analysis include 
biopsy of one to several cells of the 2- to 3-day embryo, biopsy 
of the trophectoderm of the 5- to 6-day blastocyst, and polar 
body biopsy (removal of the nonfunctioning haploid product 
of meiosis I) (86). Each of these methods has benefits and 
drawbacks, including the degree of technical difficulty, 
variations in pregnancy rates, and errors in diagnosis due to 
the hazards of single-cell analysis. An analysis of various 
embryo biopsy techniques concluded that biopsy of a quarter 
of the embryo on day 3 after fertilization (approximately the 
12-cell stage) may be the “most feasible” for PGS (87). 
Preimplantation diagnosis from polar body biopsy is in use for 
PGD or PGS. This technique has been performed for 
aneuploidy screening, X-linked disorders, and maternal 
translocations. It may also be used in autosomal recessive 
conditions where both parents are carriers of a particular 
condition, and an oocyte spared of the mutant gene is used for 
fertilization. When polar body biopsy is used, the paternal 
genetic component cannot be evaluated. 

Of central importance is the accuracy of diagnosis. When 
basing a diagnosis on DNA amplified from a single cell, 
problems such as contamination, PCR failure, and PCR error 
are of paramount importance. Navidi and Arnheim (88) 
considered these sources of error mathematically and 
suggested that blastomere analysis may be preferable in this 
regard to polar body analysis, while a combination of the two 
results in a significantly lower risk of misdiagnosis. 

The clinical use of preimplantation diagnosis was first 
described in 1990 by Handyside and colleagues (89) for sex 
selection in pregnancies at risk for X-linked diseases. Since that 
time, this technology has been applied for the specific 
diagnosis of many disorders, including cystic fibrosis (90), 
Duchenne muscular dystrophy (91), and allommune throm- 
bocytopenia (92). It is also being used to evaluate or screen for 
aneuploidy employing FISH, in the form of chromosome- 
specific probes to rapidly determine the copy number of 
a certain chromosome. As has been done with X- and 
Y-chromosome-specific probes for sex determination (93), 
PGS utilizes probes for the chromosomes most commonly 
involved in aneuploidy (X, Y, 18, 13, and 21) (94). 

PGS is offered at a number of infertility centers in the 
United States. Misdiagnosis rates for PGS by single-cell 
blastomere vary with reporting centers. Cytogenetic FISH 
analysis appears to offer a positive predictive value of 83% and 
a negative predictive value of 81% when evaluating a single 
blastomere in conjunction with PGS (95). Laboratory error 
with FISH and early embryogenic mosaicism are primarily 
responsible for the inaccuracies associated with cytogenetic 
preimplantation testing (96). It is recommended that a 
confirmatory diagnosis be performed when PGS indicates 
a normal karyotype, or normal DNA results in the case of a 
single-gene disorder by PGD, in the form of an amniocentesis 
or a CVS, due to the risk of misdiagnosis. 

As PGS is becoming readily available to women who seek 
diagnostic testing before the time of implantation, it will be 
important to determine risks, benefits, and pregnancy rates 
using the procedure. This is particularly true for cytogenetic 
PGS. Although cytogenetic PGS has been shown to lower the 
rate of spontaneous miscarriage in women who are >35 years 
of age (96,97), studies demonstrating accuracy in diagnosing 
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fetal aneuploidy have yielded controversial results. The 
number of candidate embryos eligible for transfer after PGS 
for aneuploidy, furthermore, is diminished. Studies examining 
the loss and nonuse of cytogenetically normal embryos 
following PGS will need to be conducted. 


Fetal Cells, DNA, and RNA in the Maternal Circulation 

The same molecular techniques (PCR, FISH) that have 
allowed the development of PGS have also played a major 
role in efforts to provide prenatal diagnosis based on the 
analysis of fetal cells obtained from maternal peripheral blood. 
If this type of noninvasive testing were developed to the point 
of cost-effective and accurate diagnostic clinical application, 
the risks associated with invasive prenatal diagnostic techni- 
ques (amniocentesis, CVS) could be avoided. Thus far, its 
potential has been evaluated more in terms of a screening test. 

Earlier studies suggested that fetal cells exist in the maternal 
circulation (98,99), and work based on PCR technology has 
confirmed this (100). Requirements to achieve a diagnosis 
based on fetal cells isolated from maternal blood would 
include a sensitive and specific method to identify fetal cells, a 
process to enrich for the infrequent fetal cells, and techniques 
to analyze the fetal genetic material for prenatal diagnosis. 
Each of these aspects is currently in the process of 
development, and a variety of methods have been attempted 
with varying success. 

In order to identify fetal cells, monoclonal antibodies 
against various fetal cell antigens have been developed. These 
include antibodies to trophoblasts (101,102), fetal erythrocyte 
cell surface antigens (103-105), and paternally derived human 
leukocyte antigens (106,107). To enrich for fetal cells, the 
monoclonal antibodies have been fluorescently tagged and 
used in combination with flow cytometry, a method to sort 
individual cells based on their specific physical and chemical 
properties. Characteristics selected for include cell size, cell 
granularity, and the presence of a fluorescent tag (104,105). By 
report, multiparameter flow cytometry applied to first- 
trimester maternal peripheral blood enriches from one fetal 
nucleated erythrocyte in approximately 10’ to 10° maternal 
cells to approximately 4 fetal cells per 1000 maternal 
cells (104). The proportion of fetal cells after sorting second- 
trimester samples was approximately 20 fetal cells per 1000 
maternal cells in this study, though other investigators have 
not described such high yields of fetal cells (108,109). In 
addition to fluorescence-activated flow cytometry, isolation 
methods under investigation include immunospecific 
magnetic-activated cell sorting (110), immunomagnetic 
beads (111), avidin-biotin columns (112), and discontinuous 
density-gradient centrifugation (113). The various methods 
were reviewed and their advantages and disadvantages were 
analyzed by Holzgreve and colleagues (114). 

Techniques for genetic analysis that have been applied to 
fetal cells isolated from the maternal circulation include PCR 
and in situ hybridization. PCR has been used to detect 
Y-chromosome-specific DNA sequences to identify male 
fetuses in both unsorted (115) and sorted (104,105) maternal 
peripheral blood. More recently, this technology has been 
applied to determine fetal rhesus antigen status (116,117). 
FISH to detect fetal aneuploidies has also been described using 
fetal cells derived from the maternal circulation (104,118,119). 
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The ongoing research using fetal nucleated RBC is of critical 
importance. In a recent publication from Huang et al., a 
microfluidic device was used to isolate nucleated RBCs from 
pregnant women and showed a 10- to 20-fold enrichment of 
nucleated RBCs over other methods described (120). 

In recent years, there has been a greater focus on using cell- 
free fetal DNA or RNA within the maternal plasma or serum 
for use in prenatal DNA diagnosis. In 1997, Lo et al. 
demonstrated that cell-free fetal DNA circulates within the 
plasma and serum of pregnant women (121). Fetal DNA can 
be detected within the maternal circulation as early as 7 weeks 
of gestation (122). In 2009, Tobias et al. reported a method of 
specific magnetic bead-based capture of free fetal DNA from 
maternal plasma. The team developed a magnetic capture 
hybridization technique using specific hybridization primers 
for the extraction of fetal DNA from maternal plasma, which is 
almost twice as efficient as older methods (123). Both forms of 
nucleic acids may prove useful for accurate fetal gender 
determination and fetal RhD blood typing. Their utility for 
screening and/or detection of fetal aneuploidy remains under 
active investigation. 
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48 First-trimester screening for aneuploidy 
Mark I. Evans and Howard S. Cuckle 


INTRODUCTION 

Advanced maternal age was the be all and end all of prenatal 
risk assessment for aneuploidy for nearly half a century (1-3). 
In virtually all countries, women above a given age cutoff were 
regarded as being at high enough risk of aneuploidy to warrant 
the costs and hazards of performing an invasive, diagnostic 
procedure. Over the past three decades, attempts have been 
made to refine the assessment of an individual woman’s risk 
using biochemical and ultrasound markers within pregnancy. 
These have markedly improved the sensitivity (proportion of 
aneuploidy pregnancies at high risk, or detection rate) and 
specificity (proportion of unaffected pregnancies not at high 
risk) (3). Using a cutoff maternal age of 35, a 30% to 40% 
sensitivity and 90% to 95% specificity (or 5—10% false-positive 
rate) were the best available statistics throughout the 1970s and 
early 1980s (4). 

Over the past 25 years, there have been multiple iterations of 
approaches that have improved the statistics of screening (2,3). 
Incorporation of these approaches has been haphazard with 
huge variability around the world and even within countries. 
Much has been written over the years describing the state of 
the art at given times and will not be repeated in extensive 
detail here for previous eras. 

In 1984, Merkatz et al. published the association of low 
maternal serum alpha-fetoprotein (AFP) with an increased 
risk of aneuploidy in general (4), and Cuckle et al. confirmed 
that this holds for Down syndrome (5). In subsequent years, 
there was also an eventual understanding that the extent of 
AFP reduction differed according to the type of aneuploidy. 
For example, trisomy 18 has much lower values on average 
than Down syndrome (6). 

Since AFP was already widely being used to screen for neural 
tube defects, at 16 to 18 weeks of gestation, it was relatively 
simple to include aneuploidy. This was done by the calculation 
of a likelihood ratio (LR) (proportion of aneuploidy 
pregnancies divided by proportion of unaffected pregnancies 
with the given AFP level) and using this to increase or decrease 
the maternal age-specific risk. The LR was derived from a 
Gaussian model of the AFP distributions in aneuploidy and 
unaffected pregnancies. The detailed practical mechanics of 
biochemical screening, such as adjustments for gestational age, 
race, diabetic status, multiple gestation status, and maternal 
weight have been published previously and will not be 
repeated here (2,3). 

Maternal serum AFP screening for aneuploidy was widely 
adopted and had the potential to increase the detection rate, 
but it was inefficient. The optimal use of a biochemical or 
ultrasound marker is to screen all women regardless of age and 
to define high risk purely on the basis of the screening result. 
However, many clinicians did not consider a low-risk AFP 
result in an older woman as sufficient grounds for not offering 


invasive testing. While the use of maternal serum AFP was a 
notable improvement over “how old are you,” it left much to 
be desired. 

The situation changed in the late 1980s when the first highly 
discriminatory biochemical marker was discovered, namely 
human chorionic gonadotropin (hCG). The molecule is a 
hetero-dimer consisting of & and B subunits, which is not only 
present in maternal serum predominantly as the biologically 
active intact dimer, but also exists to a much lesser degree as 
both the free-o. and free-B subunits. Most modern hCG assays 
are actually nonspecific and measure both the intact dimer and 
the free-B subunit. However, since the intact dimer is present 
in the maternal serum in a 200-fold molar excess relative to the 
free-B subunit, these assays primarily reflect the intact hCG 
concentration (3). Unfortunately, inconsistency in the termi- 
nology used to describe hCG assays has created confusion 
(sometimes deliberately) when comparing first-trimester 
screening studies. Intact hCG assays are often termed “total 
B” or simply “BhCG” assays, and some researchers have also 
described free B-hCG as BhCG (7). 

Both intact (or total) hCG and free B-hCG are established 
markers of both Down syndrome and trisomy 18, being 
increased on average in the former and decreased in the latter 
type of aneuploidy (8,9). 


MULTIPLE BIOCHEMICAL MARKERS 

The discovery that hCG was a marker was quickly followed by 
another second-trimester marker, unconjugated estriol (uE;), 
and later dimeric inhibin A (3,10). This gave the impetus in the 
1990s, for the combination of multiple second-trimester 
maternal serum markers (3,10). As with AFP alone, an LR was 
calculated and used to modify the maternal age-specific risk. In 
this case, it was derived from a multivariate Gaussian model of 
the marker distributions taking into account the various 
correlations between markers. 

Down syndrome detection rates increased to approximately 
60% to 70% for a 5% false-positive rate (11-13). Table 1 
shows the predicted detection rate for a fixed 1%, 3%, and 5% 
false positive using the principal combinations found in 
clinical practice (15). 

While the switch over from AFP alone to two (double test), 
three (triple test), or four (quadruple test) marker combinations 
has gradually taken place in most countries, there have been 
continual disputes over the best combinations. There was 
essentially universal agreement that among the single markers 
in the second trimester, hCG, free B-hCG, and inhibin have 
the greatest discriminatory power. While uE; has similar 
discriminatory power to AFP, since the latter is already used 
for neural tube defect screening, it is always included as the 
second marker. There have been disputes over whether to 
include uE; as a third parameter. Some have claimed that the 
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Table 1 Biochemical Marker Combinations (Second 
Trimester): Predicted? Detection Rate for a Given 
False-Positive Rate 


False-positive rate 


Marker combination 1% 3% 5% 
AFP and free B-hCG 37% 53% 61% 
AFP, free B-hCG, and uE; 42% 57% 65% 
AFP, free B-hCG, uE3, and inhibin 50% 64% 71% 
AFP and intact hCG 33% 48% 56% 
AFP, intact hCG, and uE; 39% 53% 60% 


AFP, intact hCG, uE3, and inhibin 46% 60% 67% 


“Modeling with parameters in (14). 


predicted marginal increase in detection rate cannot be 
achieved in practice. However, much of the prospective series 
literature did show the predicted benefit. Moreover, uE; is of 
value in the detection of trisomy 18, Smith—Lemli—Opitz 
syndrome, and placental sulfatase deficiency, where uE; levels 
are extremely low. Incidentally, levels are also slightly lowered 
in spina bifida and more so in anencephaly, but the changes 
are much less than that for AFP (16). 

Like hCG, free B-hCG, and AFP, the levels of uE, and 
inhibin are altered on average in trisomy 18. For some of these 
markers, the direction of change is the same for both types of 
aneuploidy. Consequently, although the birth prevalence of 
trisomy 18 is 10-fold lower than Down syndrome, it is a 
relatively frequent incidental diagnosis in women having 
invasive testing following second-trimester screening. But in 
order to achieve a high detection for this disorder, it is 
necessary to calculate a separate risk specifically (8). 

Despite overwhelming evidence by the early 1990s, and 
recommendations of national organizations such as the 
American College of Obstetricians and Gynecologists, that 
the multiple biochemical marker combinations discussed so 
far be offered, even by the millennium, still nearly 20% of 
patients in the United States who had screening were having 
AFP alone (3). Such slow uptake by practicing obstetricians is 
worrisome precedent for the incorporation of future test 
combinations. 

Another long promising but yet fulfilled marker was the 
search for fetal cells in maternal circulation. Studies through- 
out the 1990s and early 2000s suggested that isolation and 
analysis of fetal cells might, in fact, become practical and useful 
as a screening test (17,18). Much of the 1980s and 1990s 
focused on ways to improve the efficacy of detection methods 
primarily centered on the need to increase the enrichment of 
fetal cells from the maternal blood circulation whose 
prevalence has been estimated to be approximately 1 in 
10,000,000 cells with no clear likelihood of success (19). After 
the failure of the first lines of methodology in detecting fetal 
cells, modified approaches have emerged that are being 
evaluated for more precise identification and isolation of 
fetal cells. 

A more recent line of research has been the detection of fetal 
cell-free DNA and RNA in the maternal circulation initially 
suggested by Lo et al. (20). There have been three generations, 
to date, of technologic approaches in this area. First, the 
concentration of these materials in maternal blood is 
approximately doubled in aneuploidy, and it was thought that 
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quantitative differences could be used as an additional marker. 
However, fetal DNA only makes up a small proportion of free 
DNA in maternal circulation such that the actual difference 
between a trisomic fetal contribution to overall maternal DNA 
levels is only a few percent. Second, Lo et al. proposed that 
using a placental-specific RNA such as PLAC-4 would allow a 
real 2:1 discrimination. His data suggested a 90% sensitivity 
for a 96% specificity. The methods were licensed to Sequenom 
whose unpublished investor presentations claimed 100% 
sensitivity for 99% sensitivity. Unfortunately these data were 
falsified, and the investigator has pleaded guilty to fraud charges 
setting back the approach immeasurably. Furthermore, RNA is 
very labile requiring stabilization within hours rendering 
problematic the use of the technique for mass screening. Third, 
the advent of the next-generation massive sequencing methods 
does have real scientific merit. There is significant potential 
for its use (21-26). 

Amplification and molecular analysis of this circulating fetal 
product is already being used clinically for fetal gender and 
RhD determination. Other Mendelian diagnoses may probably 
follow in short order. It might eventually be used as a 
noninvasive method of prenatal diagnosis for aneuploidy, but 
much more research is still needed before this goal can be 
achieved in any reliable fashion. While the diagnosis of 
Mendelian disorders may be possible by fetal cells or cell-free 
DNA, it is very likely that aneuploidy detection will be seen as a 
screening test to modify risk as a predicate for invasive 
diagnostic procedures (26). 


COMBINATION OF BIOCHEMICAL WITH 
ULTRASOUND MARKERS 

Considerable work in the mid-1990s focused on the develop- 
ment of ultrasound markers to be used to modify the risk of 
aneuploidy. As early as 1985, Benacerraf et al. observed an 
increased nuchal skinfold during the second-trimester genetic 
ultrasound examination among aneuploid fetuses, but it was 
rarely used in routine screening (27). Nevertheless, in 1992, 
Nicolaides et al. reported on a related, but more discrimina- 
tory marker, nuchal translucency (NT) determined in the first 
trimester, which did enter routine practice, and results have 
now been reported on well over a million pregnancies scanned 
at 11 to 13 weeks of pregnancy (28). The literature on this 
development has been reviewed extensively elsewhere and will 
not be repeated here except to state that quality control of NT 
measurements is inferior to biochemical methods. Under- 
measurement of NT continues to be prevalent and lowers 
detection rates considerably (29,30). Instead, we concentrate 
on combinations between ultrasound NT and biochemical 
markers (combined test), which can be shown to yield a much 
higher detection rate than NT alone. 

The most widely studied first-trimester biochemical mar- 
kers are pregnancy-associated plasma protein (PAPP)-A and 
free B-hCG. The discriminatory power of PAPP-A decreases 
with gestation, as does NT, while that of free B-hCG increases 
with gestation. First-trimester multiple-marker Down syn- 
drome screening using a combination of the biochemical and 
ultrasound markers has been offered clinically for nearly 
15 years (3). Most centers perform the NT scan at 11% to 
12% weeks since the NT is easier to visualize than at earlier and 
some fetal structural abnormalities can be seen, while by 
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Table 2 Nuchal Translucency with or Without Biochemical 
Marker Combinations (First Trimester): Predicted* Detec- 
tion Rate for a Given False-Positive Rate 


Gestation (weeks) 
Marker combination Serum NT 1% 3% 5% 


NT alone - 11 64% 73% 77% 
- 12 62% 71% 75% 
- 13 57% 66% 71% 


False-positive rate 


PAPP-A, free B-hCG, 10 11 74% 83% 87% 
and NT 

iil lil 74% 83% 87% 

11 12 73% 82% 86% 

12 12 72% 80% 84% 

12 13} 68% 77% 82% 

13 13 66% 75% 80% 


“Modeling with parameters in (14). 


Table 3 Predicted* Detection Rate for a 5% False-Positive 
Rate when Adding Either Intact or Free -hCG to a PAPP-A 
and NT Protocol, According to Gestation when Blood 
Drawn (NT at 11-12 Weeks) 


Serum (weeks) Intact hCG Free B-hCG 
9 80% 84% 
10 78% 83% 
11 75% 81% 
12 77% 80% 


“Modeling with parameters in (7). 


13 weeks the discriminatory power is reduced. To maximize 
the effectiveness of the biochemical markers and to ensure that 
the risk is calculated and immediately available at the same 
time, the woman attends for the ultrasound examination, 
while the blood sample may be drawn 1 to 2 weeks before the 
scheduled scan date, ideally at 10 weeks of gestation (14,31,32). 

Table 2 shows the predicted detection rate for a fixed 1%, 
3%, and 5% false positive using the marker combinations at 
different gestations and for comparison the results for NT 
alone. As before, the predictions are based on statistical 
modeling using published marker parameters derived by 
meta-analysis (14). The addition of biochemical markers leads 
to a substantial increase in the detection rate, which is 
considerably higher than that for the second-trimester 
combinations. PAPP-A levels are also altered on average in 
trisomy 18. Since for all the first-trimester markers the 
direction of change is the same for Down syndrome and 
trisomy 18, unlike in the second trimester, there is little value 
in a separate risk calculation. 

First-trimester screening not only has a yield greater than 
that of the second-trimester screening protocols, but also 
offers significant advantages including, earlier reassurance 
for the vast majority of patients and greater privacy and 
safety for patients who may decide to terminate an affected 
fetus (32). There is no disagreement over the utility of 
combining first-trimester biochemical markers and NT, but 
there remains controversy over the use of free B-hCG rather 
than intact (or total) hCG in the combination in the United 
States but not the rest of the world. The medical and 
economic implications of this choice in the United States are 
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enormous, and we therefore dwell on this otherwise 
relatively minor point. 

Most retrospective reports on biochemistry indicated that 
while free B-hCG was a very effective marker for Down 
syndrome in the first trimester, intact hCG was not (3,7). 
Indeed, the discriminatory power of intact hCG is extremely 
low at 10 weeks and does not even reach that of the weakest 
second-trimester markers until 12 weeks (10). Consequently, 
the vast majority of prospective first-trimester screening 
studies have used free B-hCG in combination with PAPP-A, 
and NT. The Serum, Urine, and Ultrasound Screening Study 
tested both hCG isoforms and suggested that free B-hCG is a 
more discriminatory first-trimester marker than intact hCG, 
but there may be little difference in the overall screening 
performance when included in a multiple marker protocol 
(10). Although often described as a prospective study with 
results on more than 47,000 pregnancies, the biochemical 
results are actually based on retrospective analysis of less than 
500 samples. Furthermore, we believe that a statistical 
correction to the analysis would have demonstrated the 
advantage of free B-hCG even when combined with other 
markers (7). Nevertheless, the study has created some 
uncertainty and opened a debate in the United States about 
which isoform of hCG to use in first-trimester screening. 

This prompted us to address the issue using a meta-analysis 
based on a considerable body of available evidence to predict 
the consequence of adding either free B-hCG or intact hCG to 
a PAPP-A and NT protocol; the methodology was described 
extensively in the paper (7). At a fixed 5% false-positive rate, 
when the blood sample was drawn at 9, 10, 11, and 12 weeks, 
adding free B-hCG reduced the false-negative rate by 26%, 
29%, 33%, and 35%, respectively, compared with reductions 
of 0%, 5%, 12%, and 21%, respectively, adding intact hCG. 
Averaging across weeks, the reductions were 31% and 9%, 
a statistically significant difference (p = 0.01). Similarly, at a 
fixed 90% detection rate, adding free B-hCG reduced the false- 
positive rate by 41%, 45%, 48%, and 52% compared with 2%, 
8%, 20%, and 37% for intact hCG, averages of 47% and 17% 
(p = 0.01). Overall multivariate detection rates averaged a 
3% to 6% improvement using free B as opposed to total hCG, 
and maximal detection was achieved by blood drawn at 9 to 
10 weeks with NT at 11 to 12 weeks (Table 3) (7). 

Canick et al. (33) carried out a secondary analysis of data 
from the First and Second Trimester Evaluation of Risk 
(FASTER) trial (34) and found that while the sensitivity of free 
B-hCG was notably higher than that for total hCG, there was 
only a 1% detection rate difference in combination with 
PAPP-A and NT and it was not statistically significant. The 
authors concluded that the choice of the third marker was not 
critical. The analysis was not based on the entire 38,000 
patients in the trial, but only on statistical modeling with total 
hCG and free B-hCG parameters derived by retrospectively 
assaying stored serum samples from 79 Down syndrome and 
395 unaffected pregnancies (31). 

Canick’s conclusions regarding screening policy are 
unwarranted for three reasons. First, the standard deviation 
of free B-hCG was much wider than generally found 
elsewhere, possibly due the specific reagents used to retro- 
spectively assay the samples. The standard deviation among 
unaffected pregnancies, compared with values from all the 
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recent large published prospective first-trimester series, and 
that from our own experience is shown in Table 4. This will 
inevitably have led to the underestimation of effectiveness for 
free B-hCG. Moreover, the retrospective testing was done over 
a short time period, reducing the standard deviation compared 
with routine practice. Hence, the discrepancy with routine 
practice is even greater. Second, decisions regarding screening 
policy need to take account of the totality of available evidence. 
Modeling with parameters derived by meta-analysis from 
series including several hundred Down syndrome pregnancies 
indicates a 2% detection advantage for free B-hCG (7,14). The 
failure of a relatively small study to find a statistically 
significant effect is insufficient grounds for changing policy. 
Third, at the high detection rates achievable by first-trimester 
marker combinations, a 2% increment in detection is not 
small. Each marginal increase in detection is achieved by a 
large increase in the false-positive rate. Had the current study 
estimated the false-positive rate for a fixed 90% detection rate, 
as we have done above, this would have been apparent. 
Therefore, on the basis of all available evidence, there is no 
good reason for health planners to consider substituting intact 
hCG for free B-hCG in first-trimester protocols. 


SEQUENTIAL SCREENING METHODS 
In the last few years, considerable discussion of screening 
policy has been focused on carrying out screening in both the 
first and second trimesters, in sequence. In general, this 
achieves a higher yield than screening within trimester. 
Three types of sequential policy have received attention. The 
first to be proposed was a form of nondisclosure sequential 
screening using first-trimester PAPP-A and NT together with 


Table 4 Standard Deviation (SD) of First-Trimester Free 
B-hCG in Different Series of Unaffected Pregnancies 


Series Reagents # sp? 
Krantz et al., 2002 NTDLabs 10,106 0.222 
Crossley et al., 2002 Kryptor 17229 0.269 
Muller et al., 2003 Delfia 5634 0.269 
Spencer et al., 2003 Kryptor and Delfia 31,773 0.261 


Delfia 

Delfia 

Delfia, Kryptor, 
and NTDLabs 

Canick et al., 2006 BSE 395 0.307 

Delfia, Perkin-Elmer Life Sciences, and Kryptor, Brahms. “Routine 

screening tests carried out in Leeds, UK. "Logie units. ‘Weighted by 


the number of pregnancies. Abbreviation: DSL, Diagnostic Systems 
Laboratories. 


10,632 0.257 
28,276 0.266 
103,646 0.260 


Rozenberg et al., 2006 
Author’s experience? 
Weighted average“ 
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second-trimester AFP, uE3, free B-hCG or intact hCG, and 
inhibin (integrated test). Risks are not used clinically until all 
markers have been tested. The proponents of such “inte- 
grated” screening argue that higher sensitivities can be 
achieved and therefore justify the nondisclosure. However, 
many clinicians in the United States and elsewhere feel that it is 
simply not acceptable under local culture and ethical beliefs to 
withhold potentially serious screening results for a month 
when the odds of substantial change are minimal. Such an 
approach also has the substantial disadvantage that there is no 
early diagnosis or reassurance. Also there may be practical 
difficulties such as a considerable proportion of patients who 
do not present for the second half of the screening evaluation. 
There are also profound ethical concerns over nondisclosure 
of potentially considerably increased risks that could be 
addressed in the first trimester with its considerable 
advantages of privacy for the patient in difficult reproductive 
decisions. 

A second approach (step-wise test) begins with first- 
trimester PAPP-A, free B-hCG or intact hCG, and NT; those 
with low risk have second-trimester AFP, uE3, free B-hCG or 
intact hCG, and inhibin; their risk is estimated from all seven 
markers. It is important to use a high first-trimester cutoff 
than with nonsequential screening, otherwise the overall false- 
positive rate will be too high. And it is essential to use all seven 
markers together when calculating the final risk. It is invalid to 
ignore the first-trimester markers at this stage although many 
practitioners are doing so because they do not have access to 
the appropriate risk calculation software. This policy restores 
some first-trimester diagnosis. 

A third policy, more efficient than the other types, is called 
the contingent test. This begins with first-trimester PAPP-A, 
free B-hCG or intact hCG, and NT. Women with very high 
risk are offered immediate invasive prenatal diagnosis and only 
those with borderline risks are offered second-trimester AFP, 
uE3, free B-hCG or intact hCG, and inhibin; their risk is 
estimated from all seven markers. The borderline is chosen so 
that a large proportion of women have early assurance. This 
group has such a low risk that it is very unlikely that further 
markers will lead to a final high-risk result. 

Table 5 shows the predicted detection rate for a fixed 1%, 
3%, and 5% false positive for different sequential policies, as 
before based on statistical modeling using published marker 
parameters derived by meta-analysis. In the current predic- 
tions, the first-trimester very high cutoff for step-wise and 
contingent is set to obtain an early detection rate of 70%, and 
the very low cutoff for contingent screening is set so that 85% 


Table 5 Sequential Screening Policies: Predicted Detection Rate for a Given False-Positive Rate 


First-trimester combination” with 


second-trimester AFP, free B-hCG, Early detection 
uE;, inhibin rate 
Integrated test 

PAPP-A and NT 0% 
Step-wise test 

PAPP-A, free B-hCG, and NT 66%" 
Contingent test 

PAPP-A, free B-hCG, and NT 66% 


*Modeling with parameters in (14). Biochemistry and NT at 10 and 11 weeks. 


False-positive rate 


Second-trimester 


tests 1% 3% 5% 
100% 86% 92% 94% 
99% 86% 93% 95% 
12%4 86% 91% 92% 


€] in 50 (term) cutoff. “1 in 1500 (term) cutoff. 
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of women have early assurance. The prediction is that the 
contingent test is extremely efficient, achieving comparable 
detection rates with the other types of sequential screening but 
requiring second-trimester tests on just a small proportion of 
women. The tabulated combinations use free B-hCG, but 
similar analyses with intact (or total) hCG, tested in the late 
first trimester and/or the second trimester, reach the same 
conclusion. 

Sequential screening can also be carried out within trimester. 
One contingent approach suggested by Nicolaides et al. has 
the potential to further increase detection while completing all 
screening within the first trimester (35). It is proposed that 
women with borderline risk based on PAPP-A, free B-hCG, and 
NT are offered a more specialist scan to determine, among other 
things nasal bone, and reassess the risk. Nasal bone hypoplasia is 
a very powerful marker of aneuploidy but requires appropriate 
training not generally available. Another approach might be to 
measure additional biochemical markers in a very early serum 
sample at about 8 weeks of gestation in addition to the 10-week 
sample; one possible very early marker is ADAM12 (36). 


SECOND-TRIMESTER REVISITED 

Despite the clear advantages of beginning the screening 
process in the first trimester, some women do not present 
until later in pregnancy. If biochemical screening alone, even 
with the quadruple test, is regarded as inadequate, there is the 
option of combining information on the serum markers and 
ultrasound results to improve detection. The results of the 
genetic sonogram can be used to modify the risk from the 
biochemical markers. Provided an algorithm is used that uses a 
separate LR for the presence and absence of each soft marker, 
the detection rate can be increased by 5% to 10% (37). 
Moreover, there are new second-trimester ultrasound markers 
such as prenasal translucency, which are even more dis- 
criminatory than the traditional soft markers and can by 
themselves increase detection by about 15% (38). 


CONCLUSIONS 

Over the past 35 years, there has been a steady evolution of 
biochemical and also biophysical parameters used to adjust the 
risk that a woman is carrying a fetus with aneuploidy. At every 
step, there has been controversy as to the best methods to 
employ in this endeavor. We have laid out many of the 
proposals, and our conclusions are that as of 2011: 


1. A combined test in the first trimester can yield a 
very high detection rate for an acceptable false- 
positive rate. 

2. Second-trimester multiple marker biochemical 
screening yields a much lower detection rate and 
imposes a considerable emotional burden in 
requiring women to be very visibly pregnant, feel 
the baby moving, and have to undergo second- 
trimester termination methods if an abnormality is 
found and the women choose to end the pregnancy. 

3. Sequential screening in both trimesters yields even 
higher detection rates, and the most efficient 
methods is the contingent test. Centers with 
appropriate training and experience of newer 
ultrasound markers such as nasal bone hypoplasia 
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could consider carrying out the contingent test 
within the first trimester. 


Although comprehensive national data are not available, 
there is a continuing shift toward the first trimester. Only the 
exact components and timing remain to be determined. 
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INTRODUCTION 

Screening tests to identify women at risk for fetal aneuploidy 
and fetal structural abnormalities are routinely offered to all 
women during pregnancy. A number of screening strategies 
are currently available, which utilize both biochemical analysis 
and ultrasonography to achieve high detection rates and 
determine whether further diagnostic testing is needed. 
Recently, first-trimester screening for fetal abnormalities has 
been utilized with increasing frequency as it offers women the 
opportunity of earlier testing and subsequent option for earlier 
diagnosis. Despite this change in practice, second-trimester 
biochemical and ultrasound screening remains a valuable 
resource in modern obstetric care as complementary to first- 
trimester screening or as the only screening in women who 
present for prenatal care after the first trimester of pregnancy. 


SECOND-TRIMESTER SERUM MARKER SCREENING 

Most second-trimester serum marker screening is now 
performed in conjunction with first trimester-combined 
screening protocols that utilize either an integrated, stepwise, 
or contingent approach. Currently, second-trimester maternal 
serum screening alone is available as a triple, quadruple, or 
penta-marker testing modality. Whether integrated with first- 
trimester serum marker testing or used in isolation for women 
who defer first-trimester screening or do not seek prenatal care 
until after 13 weeks of gestation, second-trimester serum marker 
screening remains a valuable tool in prenatal management. 


Maternal Serum Alpha-Fetoprotein 

Maternal serum alpha-fetoprotein (MSAFP) was the first 
maternal serum analyte utilized to detect fetal abnormalities, 
specifically, open neural tube and abdominal wall defects 
in cases of elevated MSAFP. In the mid-1980s, an association 
between a low MSAFP level and increased risk for Down 
syndrome was reported (1). MSAFP, along with other 
maternal serum analytes, was then incorporated into various 
screening protocols designed to modify maternal age-related 
risks for fetal aneuploidy. 


Elevated MSAFP 

Alpha-fetoprotein (AFP) is a normal fetal protein found in 
high concentrations in the fetal serum. It is present in amniotic 
fluid in normal pregnancies, presumably reaching the fluid 
through excretion in the fetal urine. From the amniotic fluid, 
AFP diffuses across the fetal membranes and can be detected in 
the maternal serum beginning at approximately 12 weeks of 
gestation (2). In cases of fetal anencephaly or open spina 
bifida, increased levels of AFP reach the amniotic fluid 
secondary to the concentration gradient from fetal serum 
to amniotic fluid. This increased AFP concentration can 
then be detected in the maternal serum. Ventral wall defects 


(ie., omphalocele or gastroschisis) can also result in similar 
elevations in MSAFP through this same mechanism. Other 
causes of elevated MSAFP are listed in Table 1. 

MSAFP screening provides an effective means for selecting 
patients who are at increased risk for neural tube defects and 
other fetal disorders and identifies patients who warrant further 
evaluation with diagnostic ultrasound and/or amniocentesis. 
Additionally, elevated MSAFP in a patient with a normal fetal 
anatomic survey has been associated with adverse pregnancy 
outcomes (3). As a matter of fact, the most frequent pathologic 
reason for elevated MSAFP is placental disease. Although there 
is no consensus regarding the management of this patient 
population, women in this high-risk group for obstetric 
complications should be followed closely for the duration of 
the pregnancy for stillbirth, prematurity, intrauterine growth 
restriction, and neonatal death. In the presence of placenta 
previa and elevated MSAFP, placenta accreta should be ruled 
out, especially in patients with previous cesarean delivery. 


Low MSAFP 

The association between low MSAFP and fetal chromosomal 
abnormalities is well described in the literature and will be 
discussed in further detail later in this chapter. As with elevated 
MSAFP levels, a low MSAFP level is associated with a variety of 
fetal and maternal conditions (Table 2). 

Ultrasound can be used in the initial evaluation of a patient 
with low MSAFP. The most common explanation for a low 
value is incorrect pregnancy dating and a gestational age less 
advanced than expected. Ultrasound will also identify missed 
abortion or molar pregnancy as a potential cause of low 
MSAFP. If ultrasound reveals a viable fetus at the anticipated 
gestational age, targeted genetic ultrasound for evaluation of 
Down syndrome should be performed. Patients should be 
counseled regarding the availability of amniocentesis as a 
diagnostic procedure. Low MSAFP in a patient with normal 
ultrasound and amniocentesis has not consistently been 
associated with adverse pregnancy outcomes and at this time 
warrants no further investigation. 


Serum Screening for Trisomy 21 

An association between low MSAFP levels and fetal chromo- 
somal abnormalities was first described by Merkatz and 
colleagues in 1984 (1). The initial studies focused primarily 
on Down syndrome detection; however, further studies have 
shown an association with other chromosomal abnormalities. 
Combined maternal serum marker panels were subsequently 
developed to calculate a risk for Down syndrome in the fetus for 
a given pregnancy. Historically, maternal age 35 years or older at 
the time of delivery was used to identify women at the highest 
risk of having a child with Down syndrome, and only these 
women were offered genetic counseling and amniocentesis 
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Table 1 Findings Associated with Elevated Maternal Serum 
Alpha-Fetoprotein 


Incorrect pregnancy dating 

Multiple gestation 

Fetal demise 

Open neural tube defects 

Ventral wall defects 

Intestinal atresias 

Skin or scalp defects 

Congenital nephrosis 

Cystic hygroma 

Aneuploidy 

Placental abnormalities or insufficiency 

Partial molar pregnancy 

Late pregnancy complications including stillbirth and low birth 
weight 


Table 2 Findings Associated with Low Maternal Serum 
Alpha-Fetoprotein 


Incorrect pregnancy dating 

Missed abortion 

Hydatidiform mole 

Down syndrome and other aneuploidy 


or chorionic villus sampling. With the introduction of 
biochemical serum screening for Down syndrome, the Amer- 
ican College of Obstetricians and Gynecologists now recom- 
mends that all women should be offered invasive diagnostic 
testing or aneuploidy screening before 20 weeks of gestation, 
regardless of maternal age (4). 

Triple-marker screening utilizing AFP, hCG, and unconju- 
gated estriol was the first combined marker panel used to screen 
patients for trisomy 21. In the general population, triple-marker 
screening identifies approximately 60% to 70% of pregnancies 
affected by trisomy 21 with a 5% screen-positive rate (5). The 
quadruple screen was later developed when inhibin A was added 
to the triple-screen panel (6,7). Penta-screen testing is now 
available with the addition ofinvasive trophoblast antigen testing 
(8-10). These expanded panels increase trisomy 21 detection 
rate at the same 5% screen-positive rate (11) (Table 3). 

Maternal serum screening for trisomy 21 can be performed 
anytime between 15 and 22 weeks, but is most accurate when 
performed between 16 and 18 weeks. Serum analyte levels can 
vary with gestational age, maternal weight, diabetic status, 
race, and number of fetuses; therefore, these variables are 
incorporated into an individual’s risk score calculation. 
Because the maternal age-related risk of trisomy 21 is the 
basis of any serum screening protocol, both the detection rate 
and the screen-positive rate increase with maternal age. 
Different laboratories have established their own reference 
values and screen-positive cutoffs that reflect an individual 
woman’s reported risk. Based on this modified risk, a woman 
may opt to pursue invasive diagnostic procedure such as 
amniocentesis or further modify her risk with genetic 
ultrasound, which will be detailed later in this chapter. 


Serum Screening for Trisomy 18 and Other Fetal 
Aneuploidy 

In counseling patients, it is important to emphasize that 
multiple maternal serum screening protocols were developed 
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Table 3 Sensitivity and Specificity of Prenatal Screening 
Tests for Down Syndrome 


Detection False-positive 
Markers rate (%) rate (%) 
Age, AFP, hCG, uE3 72 5 
Age, AFP, hCG,uE3, DIA 79 5) 
Age, AFP, hCG, uE3, DIA, ITA 83 5 


Abbreviations: AFP, alpha-fetoprotein; hCG, human chorionic gonadotro- 
pin; uE3, unconjugated estriol; DIA, dimeric inhibin A; ITA, invasive 
trophoblast antigen. 


Table 4 Second-Trimester Serum Maker Levels in Various 
Fetal Chromosomal Abnormalities 


Genetic disorder AFP uE3 hCG DIA 
Down syndrome ll I T il 
Trisomy 18 I Ji I = 
Trisomy 13 < o o o 
Triploidy o I | or T g 


Abbreviations: AFP, alpha-fetoprotein; hCG, human chorionic gonadotro- 
pin; uE3, unconjugated estriol; DIA, dimeric inhibin A. 


primarily to detect trisomy 21, and the patterns of serum 
markers observed in pregnancies affected by trisomy 18 and 
other fetal chromosomal abnormalities are different. In 
trisomy 18, MSAFP and unconjugated estriol are low; 
however, in contrast to Down syndrome, hCG value is low 
as well. Although these results are well correlated with trisomy 
18, a positive second-trimester serum screen has poor 
sensitivity and poor prediction for trisomy 18 (12). By 
contrast, genetic ultrasound to evaluate for characteristic 
sonographic findings associated with this diagnosis is highly 
sensitive in identifying fetuses with the disorder (13,14). 
Ultrasound evaluation of fetuses with trisomy 18 will be 
discussed later in this chapter. Trisomy 13 is usually associated 
with normal levels of all three maternal serum markers, except 
in cases where open fetal defects are present. In fetal triploidy, 
all three biochemical markers are low. Table 4 summarizes the 
changes in serum marker levels in various fetal chromosomal 
abnormalities. 


SECOND-TRIMESTER FETAL ANATOMY SURVEY 

The American Institute of Ultrasound in Medicine first 
published guidelines for the performance of obstetric ultra- 
sound in 1994 (15). These guidelines were updated in 2007 to 
reflect the minimum criteria for a completion of a fetal 
ultrasound examination (16). A standard obstetric sonogram 
in the second or third trimester includes an evaluation of fetal 
presentation, amniotic fluid volume, cardiac activity, placental 
position, fetal biometry, and fetal number, plus an anatomic 
survey. Fetal anatomy may be adequately assessed by 
ultrasound after approximately 18 weeks of gestational age. 
Minimum requirements in the standard examination of fetal 
anatomy include evaluating the cerebellum, choroid plexus, 
cisterna magna, lateral cerebral ventricles, midline falx, cavum 
septum pellucidum, upper lip, nuchal fold, four-chamber view 
of the fetal heart, outflow tracts (if technically feasible), 
stomach (presence, size, and situs), kidneys, bladder, umbilical 
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Table 5 American Institute of Ultrasound in Medicine 
Minimum Elements of a Standard Examination of Fetal 
Anatomy 


Head, face, and neck 
Cerebellum 
Choroid plexus 
Cisterna magna 
Lateral cerebral ventricles 
Midline falx 
Cavum septum pellucidum 
Upper lip 
Chest 
Four-chamber view of fetal heart 
Abdomen 
Stomach 
Kidneys 
Bladder 
Umbilical cord insertion site into the fetal abdomen 
Umbilical cord vessel number 
Spine 
Cervical, thoracic, lumbar, and sacral spine 
Extremities 
Legs and arms (presence or absence) 
Sex 
Medically indicated in low-risk pregnancies only for evaluation 
of multiple gestations 


cord insertion site into the fetal abdomen, umbilical cord 
vessel number, cervical, thoracic, lumbar, and sacral spine, 
extremities, and genitalia (as medically indicated in low-risk 
pregnancies and in the evaluation of multiple gestations) 
(Table 5). The placental location, appearance, and relationship 
to the internal cervical os should be recorded and the umbilical 
cord should be visualized. The maternal cervix and adnexa 
should be examined. 

A more detailed fetal anatomic examination may be 
necessary if an abnormality or suspected abnormality is found 
on the standard examination. Multiple gestations require the 
documentation of additional information including chorioni- 
city, amnionicity, comparison of fetal sizes, estimation of 
amniotic fluid volume on each side of the membrane, and fetal 
genitalia. 

Fetal anatomy may be adequately assessed after 18 weeks of 
gestation and is ideally performed before 20 weeks to optimize 
assessment of anatomy while at the same time allowing time for 
invasive testing if necessary or desired. Factors that may limit 
sonographic examination include equipment quality, sonogra- 
pher experience, length of time spent on examination, fetal size, 
position, movement, fluid abnormalities, maternal abdominal 
scar, and increased maternal abdominal wall thickness. 

Performing a complete fetal anatomy survey should be 
approached in a systematic way. The examination should 
ideally begin with imaging of the fetal head and proceed 
caudally. The entire uterus should be scanned in both a 
transverse and longitudinal direction to determine fetal situs, 
fetal position, amniotic fluid volume, and placental location. 
The fetal anatomy is then examined in a stepwise fashion. To 
begin, the fetal head, face, and neck are evaluated. The 
calvarium should be well mineralized and elliptical. The head 
shape may be flattened (dolichocephaly/increased anteropos- 
terior distance) or rounded (brachycephaly/shortened 


Figure 1 Axial view through fetal head at level of thalami and cavum septum 
pellucidum. The calipers show measurement of the biparietal diameter. 


anteroposterior distance) as a normal variant or may suggest 
fetal aneuploidy (trisomy 21 or 18 associated with brachyce- 
phaly). A lemon-shaped head may be suggestive of a neural 
tube defect. The cranial sutures appear as hypoechoic areas 
between cranial bones and visualization excludes premature 
closure, craniosynostosis syndromes, and some skeletal 
dysplasias. The biparietal diameter is measured at the level of 
the thalami and cavum septum pellucidum (Fig. 1). The 
cerebellar hemispheres should not be visible in this transtha- 
lamic axial plane. The measurement is taken from the outer 
edge of the proximal skull to the inner edge of the distal skull. 
Head circumference is measured at the same level as the 
biparietal diameter, around the outer perimeter of the 
calvarium. The cavum septum pellucidum, midline falx, third 
ventricle, and frontal horns of the lateral ventricles can also be 
visualized in this view. The presence of a normal cavum 
suggests proper midline brain formation and makes diagnosis 
of holoprosencephaly or agenesis of the corpus collusum less 
likely. Next, a transventricular view should be obtained just 
superior to the transthalamic view (Figs. 2 and 3). This allows 
visualization of the lateral ventricles and bilateral choroid 
plexuses. The ventricle is measured through the atrium in an 
axial plane and is normally less than 10mm, and the choroid 
plexuses should fill the entire width of the lateral ventricles. 
The posterior fossa is then evaluated. This begins with obtaining 
a transcerebellar view to properly visualize the cerebellum, 
cerebellar vermis, cisterna magna, and nuchal fold (Fig. 4). 
Transcerebellar diameter provides a useful and accurate 
estimation of gestational age and is relatively spared in growth 
restriction (17,18). Thorough evaluation of the structures in the 
posterior fossa is crucial to exclude spina bifida, Dandy-Walker 
malformation or variant, occipital encephalocele, and cerebel- 
lar agenesis or hypoplasia. The nuchal fold can be measured in 
this transcerebellar view, with 5 to 6mm being the upper limit 
of normal. It is important to note that if fetal intracranial 
structures cannot be adequately visualized secondary to fetal 
positioning, transvaginal ultrasound may be utilized to 
complete this portion of the fetal anatomy survey. 

After the fetal head is evaluated, the fetal facial structures are 
examined. A range of genetic syndromes and disorders are 
associated with characteristic facial features, and thorough 
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Figure 2 Transventricular view of the fetal head showing the far lateral 
ventricle. Note the choroid plexus filling the width of the ventricle (white 
arrow). 
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Figure 3 Transventricular view of the fetal head with calipers showing 
measurement of the atria of the lateral ventricle. 


evaluation of the fetal face can aid in supporting or excluding 
their diagnosis. Obtaining a combination of coronal, sagittal, 
and axial views is necessary to complete the facial evaluation. 
To begin, a fetal profile should be obtained in the sagittal plane 
(Fig. 5). This allows for proper visualization of the frontal 
bone, nasal bone, and fetal chin. Absent or shortened nasal 
bone may indicate fetal aneuploidy and will be discussed later 
in this chapter. Micrognathia has also been associated with a 
variety of genetic syndromes and disorders, making character- 
ization of the fetal chin important. The fetal nose and lips 
should be imaged in coronal plane and the anterior palate 
should be visualized to exclude cleft lip and palate. 

Next, the fetal spine should be imaged and fetal skeletal 
survey should be performed. It is important to note that any 
intracranial abnormality noted in the fetal anatomy survey 
may be the first indication of neural tube abnormality, and the 
presence of any such finding warrants comprehensive review. 
Again, a combination of coronal, sagittal, and axial views is 
necessary for evaluation. The skin overlying the fetal spine 
should be visualized and intact to exclude open spina bifida 
and any mass or tumor (Fig. 6). The ossification centers 


Figure 4 Transcerebellar view of the fetal head with calipers showing the 
cerebellar diameter (cereb), cisterna magna (CM), and nuchal fold (NF) 
measurements. 


Figure 5 Sagittal profile of the second-trimester fetus. Note the presence of 
the nasal bone (white arrow). 


of each vertebral segment should align in a symmetrical 
fashion to exclude hemivertebrae and neural tube defect. 
Notation of the spinal curvature should be made. Overall 
evaluation of fetal bony structures may be completed at this 
time, with the evaluation of fetal ribs, clavicles, and 
extremities. Normal echogenecity and appearance aid in the 
exclusion of skeletal dysplasia. Documentation of fetal 
extremities as present or absent is the minimum requirement 
included in the guidelines for routine obstetric ultrasound 
examination; however, more complete evaluation may provide 
important diagnostic information. Movement and tone should 
be normal. Any absence, fracture, contracture, bowing, or 
hypomineralization of the bones should be considered 
abnormal. The length of each long bone (femur, humerus, 
radius, ulna, tibia, and fibula) should be measured and 
standard nomograms are available for comparison. The hands 
and feet should be examined. The hands should be noted to 
open freely and all five fingers should extend fully, as 
persistently clenched hands with overlapping digits is sono- 
graphic finding often associated with trisomy 18. The middle 
phalanx of the fifth digit may be imaged as its absence has been 
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Figure 6 Normal sagittal view of the fetal spine. The skin overlying the 
vertebral processes is well visualized and intact. 


Tis 0.3 mm 


Figure 7 Fetal hand showing echogenic phalanges of four fingers, including 
the fifth digit (white arrow). 


associated with trisomy 21 (Fig. 7). Fetal toes should be 
visualized and the foot length can be measured. Sagittal views 
of the feet should be obtained so that the plantar surface is at a 
right angle to the lower extremity (Fig. 8). This allows 
exclusion of “rocker-bottom” appearance, which also has been 
associated with various genetic disorders. 

The fetal thorax and visceral contents are imaged next. The 
diaphragm is examined for evidence of diaphragmatic hernia. 
Fetal lung echogenecity should be homogeneous to exclude 
mass or tumor such as cystic adenomatoid malformation. Any 
pleural effusion or evidence of pulmonary hypoplasia is 
considered abnormal. Fetal cardiac examination should then 
follow. American Institute of Ultrasound in Medicine practice 
guidelines for basic cardiac examination include a four- 
chamber view of the fetal heart and, if technically feasible, 
views of both outflow tracts. However, a more comprehensive 
cardiac evaluation may be needed to exclude some fetal cardiac 
abnormalities. To begin, cardiac rate and rhythm should be 
documented. Cardiac size should be measured and is expected 
to be approximately one-third of the fetal thorax. The cardiac 
apex should point to the left at an angle of 45 + 20 degrees 
relative to the midline. Normal situs should be established 
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Figure 8 Fetal foot showing plantar surface at right angle with long bones of 
the lower extremity. 
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Figure 9 Apical four-chamber view of the fetal heart. Abbreviations: RA, 
right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle. 


with fetal liver on the right and stomach on the left. A four- 
chamber apical view should be obtained with all chambers 
being approximately equal in size (Fig. 9). There should be no 
pericardial fluid or collection. An intact intraventricular and 
intra-atrial septum excludes the presence of ventricular septal 
defect and atrial septal defect respectively. The outflow tracts, 
aortic arch, ductal arch, and inferior and superior vena cava 
should be identified. An echogenic intracardiac focus (EIF), 
most commonly seen in the left ventricle, can occur in up to 
5% of normal pregnancies (19). It is typically caused by a 
specular reflection secondary to mineralization within the 
papillary muscles (20,21). Because it is seen in approximately 
13% to 18% of pregnancies complicated by Down syndrome, 
presence of an EIF has traditionally been utilized by some 
investigators as a sonographic marker to modify a woman’s a 
priori risk of fetal aneuploidy (22-24). However, more recent 
literature suggests that when an EIF is seen as an isolated 
finding in an otherwise normal fetal anatomy survey, it is more 
likely to be a normal variant (25,26). This will be further 
discussed later in the chapter. 

Abdominal circumference should be determined at the skin 
line on a transverse view at the level of the junction of the 
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Figure 10 Appropriate plane for the measurement of abdominal circumfer- 
ence. Abbreviations: UV, umbilical vein; SP, spine; ST, stomach. 


umbilical vein, portal sinus, and fetal stomach (Fig. 10). The 
umbilical vein should curve away from the fetal stomach; 
otherwise, persistence of the right umbilical vein is suspected. 
The abdominal circumference is the most sensitive fetal 
growth parameter and is used in conjunction with other fetal 
biometric measurements to determine an overall estimated 
fetal weight. Abdominal viscera identifiable on ultrasound 
include the liver, spleen, gallbladder, stomach, and bowel. The 
liver occupies most of the upper abdomen and should be 
located on the right. The gallbladder appears as a tear-shaped 
organ in the right upper quadrant at the inferior edge of the 
liver. The fetal stomach should be located on the fetal left 
below the level of the diaphragm. An absent or small stomach 
that remains unchanged throughout the course of sonographic 
evaluation may suggest esophageal atresia, tracheoesophageal 
fistula, or a diaphragmatic hernia. The appearance of the fetal 
bowel varies with gestational age. If fetal anatomy survey is 
performed in the second trimester, the bowel should appear 
uniformly echoic and fill the majority of the fetal abdomen. 
Hyperechoic bowel is associated with aneuploidy, infection, 
ischemia, intrauterine bleeding, and other bowel abnormal- 
ities. In the third trimester, more prominent loops of 
hypoechoic large bowel may be seen. More dilated loops of 
bowel may reflect atresia or obstruction. The umbilical cord 
should be identified at its insertion site into the fetal abdomen. 
As the umbilical vein enters the abdomen, it should course 
superiorly where it inters the liver to communicate with the 
portal vein. The umbilical vein then continues into the ductus 
venosus and then inferior vena cava and right atrium. The 
ventral abdominal wall adjacent to the umbilical cord insertion 
should be visualized and intact to exclude ventral wall defects 
including omphalocele and gastroschisis. 

The genitourinary tract should next be examined for 
evidence of fetal anomaly. The kidneys should be identified 
bilaterally and appear as hypoechoic paraspinal structures. 
Identification of the anechoic urine-containing renal pelvis 
assists in their visualization (Fig. 11). Abnormal findings 
include enlargement or absence of the kidneys, renal masses or 
cysts within the parenchyma, hyperechogenicity, and dilation 
of the renal pelvis, calices, or ureter. When the kidneys cannot 
be easily identified, color or power Doppler imaging of the 
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Figure 11 Transverse view through fetal abdomen at the level of fetal kidneys 
that appear as hypoechoic paraspinal structures. The white arrows indicate the 
central anechoic renal pelvis. 


renal arteries can be utilized to confirm congenital absence of 
one or both kidneys or presence of a pelvic kidney. The 
bladder is an anechoic urine-filled structure located in the 
anterior midline of the fetal pelvis. The bladder may empty 
and fill during the course of the fetal anatomy survey and care 
should be taken to exclude bladder exstrophy or evidence of 
lower obstructive uropathy. The two umbilical arteries should 
be identified as they course around the fetal bladder to confirm 
the presence of a three-vessel cord. Attempt at fetal gender 
assignment should be made in order to exclude ambiguous 
genitalia. Female gender is confirmed by the identification of 
the labia, which may appear as three parallel linear echoes. 
Male gender is assigned if both the penis and scrotum are seen. 


SECOND-TRIMESTER GENETIC ULTRASOUND 

The genetic ultrasound is a targeted examination for fetal 
aneuploidy, specifically trisomy 21. The goal of genetic 
ultrasound is to further modify the a priori age or serum 
screening risk for trisomy 21 and thus improve the selection of 
pregnant women who may be candidates for invasive prenatal 
diagnosis. First characterized in the 1990s, the combination of 
second-trimester serum screening with identification of 
ultrasound markers on genetic ultrasound improved the 
detection rate of fetuses affected with Down syndrome (27). 
At the same time, it identified patients at decreased risk of 
carrying a pregnancy complicated by Down syndrome if the 
genetic sonogram was normal (28,29). With the increased use 
of first-trimester screening, the prevalence of fetal Down 
syndrome in the second trimester has decreased (30). For this 
reason, interpretation of second-trimester sonographic mar- 
kers of Down syndrome must be interpreted in the context of 
first, second, and/or integrated screening results in order to 
achieve the most accurate risk assessment of a potentially 
affected fetus. 

Approximately 25% of fetuses with Down syndrome have 
major characteristic structural abnormalities that can be 
identified on second-trimester ultrasound (31). For the 
majority of Down syndrome fetuses, no major fetal malforma- 
tion will be present on sonographic evaluation. Over the past 
20 years, numerous sonographic markers have been associated 
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Table 6 Sonographic Aneuploidy Markers of the Genetic 
Sonogram 


Nuchal fold thickening (>5-6 mm) 
Absent or hypoplastic nasal bone 
Short humerus 

Short femur 

Pyelectasis 

Echogenic bowel 

Echogenic intracardiac focus 
Choroid plexus cyst(s) 

Short ear length 

Wide iliac angle 

Sandal gap toes 

Hypoplastic middle phalanx of the fifth digit 
Clinodactyly 


with fetal Down syndrome, which, when present, convey an 
increased risk for fetal aneuploidy. As with any screening 
modality, a useful sonographic marker Down syndrome 
screening should be present in a high proportion of Down 
syndrome pregnancies, not commonly seen in normal fetuses 
and amenable to imaging during a standard sonographic 
examination. The marker should be easily seen at a gestational 
age that does not preclude subsequent diagnostic testing by 
amniocentesis and option for pregnancy termination. 

At the time of genetic ultrasound, thorough investigation for 
abnormal fetal biometry, fetal structural anomalies, and 
markers for fetal aneuploidy is performed. In this way, 
second-trimester ultrasound can be combined with serum 
biochemistry to determine which women would most benefit 
from amniocentesis. Additionally, a normal sonogram may be 
an indication to defer amniocentesis, even when a woman is at 
increased risk for aneuploidy based on serum screening (32). 
Conversely, abnormal findings on a genetic sonogram may 
prompt invasive testing even when a woman has normal serum 
biochemistry. Markers of aneuploidy include increased nuchal 
fold thickness, absent or hypoplastic nasal bone, shortened long 
bones, pyelectasis, hyperechoic bowel, EIF, choroid plexus cysts, 
short ear length, wide iliac angle, sandal gap toes, hypoplastic 
midphalanx of the fifth digit, and clinodactyly (Table 6). 

When considered in isolation, each marker, except 
thickened nuchal fold or absent nasal bone, has a low to 
moderate sensitivity for trisomy 21 and may not necessarily 
increase the risk of aneuploidy, especially in low-risk patients 
(maternal age <35 with normal serum analyte screening) (31). 
The risk of fetal aneuploidy increases when two or more 
sonographic markers are seen in low-risk patients or when 
isolated markers are seen in high-risk patients. 

An increased nuchal fold (>5-6mm) is a highly specific 
marker for Down syndrome. Approximately 40% to 50% of 
second-trimester fetuses with Down syndrome have a thick- 
ened nuchal fold with a false-positive rate of 0.1% (33-35). To 
obtain this measurement, the fetal head is imaged in a 
transverse plane similar to that for measuring the biparietal 
diameter (Fig. 4). The thalami and the upper portion of the 
cerebellum should be in the plane of the image. The 
measurement is then made from the outside of the occipital 
bone to the distal surface of the skin edge. 

The fetal nasal bone has been demonstrated to be 
hypoplastic or absent in up to 60% of Down syndrome 
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Figure 12 Sagittal profile of second-trimester fetus with absent nasal bone as 
indicated by circle. 


pregnancies imaged in the second trimester and only about 
1% to 2% of unaffected pregnancies (Fig. 12) (36,37). Initially 
observed at the time of first-trimester evaluation of nuchal 
translucency, hypoplastic or absent nasal bone ossification is 
being used with increased frequency as a second-trimester 
screen for Down syndrome (37—42). Numerous studies have 
been performed to determine the optimal definition of nasal 
bone hypoplasia as an ultrasonographic marker for aneuploidy 
in the second trimester. In one series, expressing multiples of 
the median (MoM) for the nasal bone length at each gestational 
age was the most efficient definition of nasal bone hypoplasia 
(43). Nasal bone smaller than 0.75 MoM had a sensitivity and 
specificity of 49% and 92% respectively. Another series showed 
the positive likelihood ratio for fetal trisomy 21 increased from 
17.1 with a nasal bone length of 0.7 MoM or less to 74.1 with a 
nasal bone length of 0.5 MoM or less (44). In the hands of 
experienced operators, nasal bone evaluation may be the best 
single ultrasound marker for second-trimester risk assessment. 
It is important to keep in mind that there is variability in the 
prevalence of this finding depending upon ethnicity, and this 
should be incorporated in to patient counseling if this finding 
is present on ultrasound evaluation. In general, absent nasal 
bone in the second trimester is seen in approximately one-third 
of Down syndrome fetuses (40). 

Down syndrome fetuses may have a shorter humerus and 
femur length than expected based on biparietal diameter 
measurement. An observed-to-expected ratio of $0.90 or a 
biparietal diameter-to-femur ratio of >1.5 has a reported 
likelihood ratio of 1.5 to 2.7 when present as an isolated 
finding (45,46). A short humerus is more strongly associated 
with Down syndrome (sensitivity of 50%, false-positive rate of 
5%) when compared with shortened femur length (sensitivity 
40-50%, false-positive rate of 7%) (47—49). As with nasal bone 
ossification, there is variability in these long bone lengths 
between different ethnic groups, making these markers 
difficult to use as isolated findings or in a low-risk population. 

Fetal pyelectasis, defined as a renal pelvis anterior—posterior 
diameter at least 4 mm, is present with increased frequency in 
Down syndrome fetuses as compared with second-trimester 
euploid fetuses (Fig. 13) (50). As an isolated marker, the 
likelihood ratio ranges from 1.5 to 1.9; however, the sensitivity 
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Figure 13 Transverse view at the level of fetal kidneys with calipers showing 
bilateral renal pyelectasis. 
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Figure 14 Fetal abdomen with increased echogenicity of the fetal bowel as 
indicated by white arrow. 


for this marker is low (17-25%) with a false-positive rate of 
2% to 3%, making this marker difficult to use as an isolated 
finding or in a low-risk population (49-51). 

Increased echogenicity of the fetal bowel, defined as fetal 
bowel at least as echogenic or brighter than the surrounding 
bone, is a subjective marker for Down syndrome and is 
dependent on the machine and the operator performing the 
ultrasound (Fig. 14). Sensitivity of this marker ranges any- 
where from 3% to 27% with a low false-positive rate of <1% 
(35,49,52-54). The finding of hyperechoic bowel can also be 
seen with fetal cystic fibrosis, cytomegalovirus infection, 
swallowed bloody amniotic fluid, and severe intrauterine 
growth restriction. This differential diagnosis list must be kept 
in mind when counseling patients regarding this finding. 

EIFs occur in up to 5% of normal pregnancies and in 
approximately 16% to 18% of Down syndrome gestations (Figs. 
15 and 16) (19). The risk does not seem to vary if the isolated 
focus is in the right or left ventricle; however, the presence of 
bilateral or multiple unilateral EIFs, especially in the right 
ventricle, may increase the risk for Down syndrome (55-57). 
Because an EIF is one of the most common sonographic markers 
of aneuploidy to be seen among normal fetuses, much recent 
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Figure 15 Apical four-chamber view of fetal heart showing single echogenic 
focus in the left ventricle (white arrow). 
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Figure 16 Apical four-chamber view of fetal heart showing multiple echogenic 
foci [two in the left ventricle (white arrows) and one in the right ventricle 
(yellow arrow)]. 


literature has focused on its clinical utility as a screen for Down 
syndrome. Recent literature has shown EIF as an isolated 
finding, and no additional maternal risk factor probably does 
not increase the risk of fetal aneuploidy and does not require 
invasive testing (25,26,58). 

Like the EIF, the presence of a choroid plexus cyst is a 
sonographic finding, which can also be seen in euploid fetuses 
(Fig. 17). Again, there has been debate in the literature 
regarding an association between isolated choroid plexus cyst 
in a low-risk woman and fetal aneuploidy, with most 
researchers identifying this finding as a benign variant when 
noted in isolation (26,59). 

Other minor sonographic markers associated with Down 
syndrome include short ears, altered foot-to-femur ratio, 
widened iliac wing angle, sandal gap between the first and 
second toes, hypoplastic fifth middle phalanx of the hand, 
and clinodactyly. These markers are inconsistently used 
because of variable operator experience and possibly high 
false-positive rates. 

Different methods have been proposed to interpret the 
presence or absence of sonographic markers identified at 
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Figure 17 A single sonolucent choroid plexus cyst in the far lateral ventricle 
(white arrow). 


the time of genetic sonogram (60). These include summing up 
the scores of individual markers to obtain a “Sonographic 
Scoring Index” (49), multiplying the likelihood ratios of 
individual markers (61), calculating a negative likelihood ratio 
in the absence of any sonographic markers (32), and using 
multivariate analysis to identify independent sonographic 
predictors (62,63). A standardized methodology in applying 
soft markers as a screening test for Down syndrome will aid in 
patient counseling regarding the findings. Additionally, the 
development of uniform and reproducible sonographic and 
measurement standards will further enhance the clinical utility 
of the genetic sonogram. Regardless of its interpretation, the 
genetic sonogram plays a useful role in identifying fetuses at risk 
for Down syndrome or reducing the risk for Down syndrome, if 
normal, in high-risk women who wish to avoid amniocentesis. 
The reported detection rates of Down syndrome after genetic 
sonography when combining multiple ultrasound markers 
range from 50% to 90% (64—66). It is important to combine the 
genetic sonogram with first- and/or second-trimester maternal 
serum screening, as these results establish a woman’s baseline 
or a priori risk. Additionally, combining maternal serum 
screening with second-trimester fetal ultrasound evaluation is 
more effective than either modality alone at identifying fetuses 
at risk for aneuploidy (67,68). 

Finally, obstetricians must keep in mind that although 
ultrasound is a low-risk and non-invasive screening tool for 
the evaluation of the fetus and intrauterine environment, it is 
not always a benign process. Pregnant women referred for 
targeted ultrasound because of the finding of a marker have 
high anxiety, with reported anxiety levels higher than women 
referred for ultrasound evaluation based on advanced 
maternal age alone and comparable with women with 
abnormal maternal serum screening (69,70). This further 
supports the need for standardization in the approach to 
performing and interpreting sonographic aneuploidy markers 
and the patient counseling that accompanies this evaluation. 


SECOND-TRIMESTER ULTRASOUND TO DETECT 
TRISOMY 18 AND 13 

After Down syndrome, trisomy 18 is the second most 
common aneuploidy among live-born fetuses, occurring in 


approximately 1 in 8000 live births (71). While most of the 
literature detailing second-trimester ultrasound has focused 
on the detection for fetal structural anomalies and sonographic 
markers for Down syndrome, several ultrasound markers, 
such as choroid plexus cysts and clenched hands, have been 
shown to be associated with trisomy 18 (72-77). The vast 
majority of trisomy 18 fetuses have sonographically detectable 
abnormalities in the second trimester (78,79). In one series of 
8763 women with singleton pregnancy and serum screening 
significant for increased risk trisomy 18, 15% had an abnormal 
genetic sonogram, including 1240 of pregnancies with normal 
fetuses and 50 of those with trisomy 18 (80). If the genetic 
sonogram was normal, a woman’s risk of having a fetus with 
trisomy 18 was reduced by approximately 90%. The most 
commonly identified abnormality was a cardiac defect, 
followed by skeletal, central nervous system, facial, and 
abdominal abnormality. Most fetuses (81%) with trisomy 18 
had an ultrasound marker present. Specifically, choroid plexus 
cysts and clenched hands were seen in large percentage of 
affected fetuses (52% and 36% respectively). These ultrasound 
markers were almost always seen in conjunction with one or 
more structural anomalies or other markers. 

Trisomy 13 is the third most common of the autosomal 
trisomies to result in a live-born neonate. Prevalence of this 
disorder ranges between 1 in 5000 to 1 in 20,000 and it is 
characterized by multiple severe anomalies resulting in 
neonatal death (81). Severe craniofacial and midline defects 
are more common and severe in this trisomy when compared 
with the abnormalities seen in trisomy 18 or 21 fetuses. As 
with trisomy 18 fetuses, second-trimester sonographic exam- 
ination can show many of the anomalies characteristic of 
trisomy 13. In one series of 28 fetuses with trisomy 13, major 
structural malformations were seen in 23 cases (82.1%) and 
minor anomalies were detected in 16 cases (57.1%) 
(82). Among major anomalies, the most common (64.3%) 
were central nervous system (ventriculomegaly, holprosence- 
phaly, posterior fossa cysts) and facial (midline clefts, 
microphthalmos, protrusio bulbi, hypertelorism). Cardiovas- 
cular anomalies were the next most common abnormality 
detected (53.6%) followed by renal anomalies (42.9%) and 
polydactyly (7.1%). Ultrasound markers for fetal aneuploidy 
were also detected (57.1%), but almost always in association 
with a major structural defect (87.5%). 


THREE-DIMENSIONAL SONOGRAPHY 

In recent years, the use of three-dimensional (3D) ultrasound 
has emerged as an important imaging tool for the diagnosis of 
fetal abnormality. The 3D ultrasound may be utilized to 
further identify the nature, severity, and location of fetal 
defects first identified on standard ultrasound evaluation (83). 
It is a complementary tool that may be used to expand upon 
the 2D ultrasound examination. Specific applications include 
improved visualization of fetal facial features in the evaluation 
of suspected abnormal findings including micrognathia, cleft 
lip and palate, tumors extending to the face, and markers of 
trisomy 21 (84-88). The 3D ultrasound has proven useful in 
the assessment of limb malformation and prenatal diagnosis of 
skeletal abnormalities, including rib anomalies and abnormal 
cranial sutures (89—91). It also has been utilized to localize the 
severity and extent of fetal neural tube defects (92). Other 
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applications include spatial presentation of blood flow and 
vasculature and, more recently, the ability to reconstruct a 3D 
rendered image of the fetal heart (93,94). 


FETAL MAGNETIC RESONANCE IMAGING 

Fetal magnetic resonance imaging (MRI) has emerged as a 
useful complementary imaging modality to further elucidate 
abnormalities noted at the time of fetal ultrasound evaluation. 
MRI provides superior soft tissue resolution in comparison 
with ultrasound regardless of fetal position, gestational age, 
maternal body habitus, oligohydramnios, or skill of operator 
(95). Brain imaging is the most common application for MRI of 
the fetus and use of MRI for diagnosing central nervous system 
abnormalities is widely reported. It has been utilized in cases of 
unexplained hydrocephalus, suspected agenesis of the corpus 
collusum, abnormalities of the posterior fossa, and neural tube 
defects (96,97). MRI has also been utilized in fetal imaging to 
study lung and chest anatomy, cervical masses, and urogenital 
abnormalities (98-101). MRI also has been shown to play a 
role in assessing abnormal placentation, including cases of 
suspected placenta accreta, increta, and percreta (102-105). 
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Classical genetic counseling is aimed to help families with 
emotional support by disclosing and discussing the causes of 
certain “genetic” problems, the risks of recurrence, and the 
possibilities for prevention or other options. In many 
situations, no reliable figures for recurrence risk were 
available. The classic options in many cases included contra- 
ception, sterilization, adoption, or AID (artificial heterologous 
insemination by donor) (1-7). 

Subsequently, a number of diagnostic techniques, applicable 
in pregnancy, became available, together with a much better 
understanding of genetically determined disease at many levels. 
Now, in many disorders, one can suggest undertaking further 
pregnancies, with the offer of prenatal genetic counseling. the 
phenotype may be examined (ultrasound, for malformations or 
growth retardation; cell biochemistry, for metabolic disorders) 
or the fetal genotype be examined (cytogenetic analysis, for 
chromosome disorders; DNA, for direct identification of 
mutant genes). There remain disorders for which no diagnosis 
is available or for which one can offer no more than “classical 
genetics,” but it is likely that many disorders at present of 
unknown cause will soon be understood at the biochemical or 
gene level, and that many presently “unmapped” genes will be 
mapped within the next decades (8). 

The increased availability of prenatal diagnosis (available in 
more centers, for more patients, for more disorders) has 
stimulated the development of screening for genetic disease. 
Subpopulations at particular risk may be easily identified (e.g., 
older mothers) or identified only after specific testing (e.g., for 
thalassemia, hemoglobinopathies, Tay-Sachs disease, and, 
possibly, cystic fibrosis). The screening process may take place 
before or during an actual pregnancy; some screening 
methods, for example, biochemical markers, ultrasound, can 
be applied only during pregnancy (8). 

The goal of genetic counseling is to prevent birth defects in 
cooperation with the couples (9). Without prevention, at least 
3% to 4% of all births are associated with major congenital 
defect, mental retardation, or a genetic disorder. 

Clinically significant chromosomal defects occurred 
in 0.65% of all births before prenatal diagnosis was introduced; 
an additional 0.2% of infants were born with balanced 
structural chromosome rearrangements. Congenital malfor- 
mations, disruptions, and deformations with obvious structur- 
al defects were found in about 2% to 3% of all births. More 
than 9000 monogenic disorders and traits have been 
catalogued (10). Prevalence of monogenic disorders has been 
estimated to be 3.6 in 1000 live births, consisting of autosomal 
dominant (1.4 in 1000), autosomal recessive (1.7 in 1000), and 
X-linked (0.5 in 1000) (8). 

The indications for preconception genetic counseling should 
be determined at the first visit and can be considered in a few 
clear categories: 


advanced maternal age, 

a previous fetus or child with a genetic disorder, 

a parent with a genetic disorder, 

o genetic disorders that pregnancy may aggravate, 

o maternal genetic disorders that may threaten fetal 
health and survival, 

e a history of infertility, 

e parental carrier of a genetic trait, 

e family history of a genetic disorder, 

e 

e 


consanguinity (11), and 
environmental exposures that threaten fetal health. 


Preconception counseling identifies specific risks and 
attendant options, which include the following: 


e decision not to have children (includes considera- 
tion of vasectomy or tubal ligation), 

e adoption, 

e in vitro fertilization (IVF) and other reproductive 
technologies, 

e carrier detection tests, 

e presymptomatic diagnosis and predictive genetic 
testing, 

e preimplantation genetic diagnosis (PGD), and 

e folic acid supplementation in periconceptional 
period. 


The optimal time to initiate counseling is not during 
pregnancy. Counselees whose first antenatal visits occur after 
the second missed menstrual period miss the critical period of 
organogenesis, and patients referred well after conception have 
lost almost all their options except selective abortion. 

The ideal genetic counseling is composed of (12) 


e an appropriately trained professional, 

e relevant and objective information, 

e assurance of the counselee’s understanding, 

e psychologic support, 

e informed consent, 

e assuring autonomous decision-making, 

e confidentiality of genetic information, 

e considering familial implications, and 

e appropriate handling of potential discrimination of 
testing. 


The option of further pregnancies includes the option of 
prenatal diagnosis, which, in turn, includes the option of 
pregnancy termination. Many couples, even in high-risk 
situations, will be lucky and have a healthy child; only a few 
will go through the trauma of one or several terminations. 
Couples identified by screening as “high risk” may be 
at very high risk (25%) in the cases of monogenic traits, at 
a lower risk (10% +) if identified through positive 
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biochemical tests, or at relatively low risk (1% +) if iden- 
tified by maternal age (13). 

Decisions on pregnancy testing and termination must be the 
couple’s own; it is the duty of the counselor to support and to 
inform, but not to persuade. Some couples refuse the idea of 
interrupting pregnancy, for example, for religious reasons. 
Unlike some infectious diseases, which may be controlled by 
immunization, compulsory screening, and therapy, genetic 
diseases do not endanger society directly. It is families that are 
affected by them (14-16). 

Nevertheless, the indirect effect of genetic disease on society 
cannot be ignored. Unlike infectious diseases, genetic diseases 
do not threaten the health of other people, but they do burden 
society (e.g., the cost of institutional care for handicapped 
children). The question arises whether anybody has the right 
to insist on the birth of a child who will suffer from an 
undoubtedly incurable disease and also severely burden public 
finances. Some people do insist on continuing such pregnan- 
cies, and there is no doubt that the right to make individual 
decisions must be respected. 

Often couples coming for genetic counseling are full of fears 
and anxiety, oppressed with the memory of one or more ill or 
dead children. Couples appreciate the opportunity for a 
counseling session and discussion, and the offer of prenatal 
diagnosis will be accepted by most of them (17,18). 

Counseling sessions may often be strongly psychologic in 
nature (19-24). It is essential to present a clear and full 
description of the relevant disorder and to answer all questions 
honestly and promptly. A good and harmonious relationship 
should develop or be developed between the counselor and the 
couple. The physician—patient relationship, always important 
in medicine, here is replaced by a physician/counselor—family 
relationship, which deepens in the course of counseling. This 
sort of relationship is necessary for the proper help and 
management of high-risk couples in this situation. A great deal 
depends on the character of the individual physician. 


GENETIC TESTING 
The completion of the Human Genome Project was a 
phenomenal accomplishment, providing researchers with the 
reference sequence of the human genome, which has 
subsequently led to the identification of many genes associated 
with human disease. Development of new technologies 
has made it possible to study these genes, search for disease- 
causing mutations, and develop genetic tests (25). Genetic 
testing has the potential to offer dramatic benefits, both 
clinically and psychologically, for patients and their families. 
The array of benefits begins with the clarification of diagnosis 
and prognosis, which assists in decision-making about clinical 
care. Testing for familial mutations makes available predictive, 
carrier, and prenatal testing, all of which provide risk 
assessment for family members of an affected patient to assist 
them in making complex personal, medical, and reproductive 
decisions. In addition, there are a multitude of genetic tests 
available to those with no family history of genetic disease that 
can provide information about potential reproductive or 
future health risks. 

The process of ordering genetic testing can be a complex 
and often bewildering process for health-care professionals. 
There are challenges related to test selection, laboratory choice, 
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standards of practice, and ethical issues. Commonly, genetic 
counselors receive requests for genetic testing for disorders for 
which gene identification has only recently been reported in 
the scientific literature. Often these requests come from 
primary care providers, but increasingly they come from 
families who follow the research on a particular genetic disease 
that has been diagnosed in their family. The immediacy with 
which peer-reviewed research findings are available on 
publicly available Internet sites speeds up this process (26). 

Historically, the broad categories of genetic tests were 
(i) cytogenetic tests (chromosome analysis), (ii) molecular 
tests (DNA analysis), and (iii) biochemical tests (enzyme 
assays, metabolites, protein analysis). Globally, cytogenetic 
tests detect changes in chromosome number, structure, and 
arrangement. Molecular tests look for changes in the DNA 
sequence, methylation, deletions, and duplications, and 
biochemical tests detect changes in the gene products, such 
as changes in levels of enzymes and proteins. Evolving 
technologies have led to considerable overlap between these 
categories of genetic tests as there are cytogenetic tests that 
actually use molecular/DNA methodologies, such as fluor- 
escent in situ hybridization analysis and chromosomal 
microarray analysis. Genetic tests have different clinical 
applications, and these will influence the specific technology 
selected (26). 

In genetic testing, it is often important to take into account 
both the genotype and the associated phenotype. The 
genotype is defined as the genetic makeup and the phenotype 
as the observable traits, characteristics, and symptoms. In an 
“ideal” genetic test, there is one-to-one relationship between 
the genotype and the phenotype. However, it is possible to 
have a genetic test that can accurately identify changes in 
genotype but can be quite limited in its ability to predict 
phenotype, particularly type and severity of symptoms, age of 
onset, and disease course. This limitation in predicting 
outcome can be particularly challenging and requires that 
genetic counselors use a wide variety of critical thinking, 
educational, and counseling skills in discussing these testing 
issues with patients. 

Genetic testing is now widely available for diagnostic 
confirmation, predictive testing, and carrier and fetal risk 
assessment. Genetic counselors have a crucial role in 
evaluating the clinical usefulness of these tests as they work 
with patients and their families to assess the medical and 
personal benefits, as well as the risks, of undergoing testing. 
Critical thinking and assessment skills are needed to determine 
whether genetic testing is clinically indicated and in selecting 
the type of genetic test and the appropriate laboratory. Genetic 
counselors must be knowledgeable about test validation 
procedures and laboratory variability. Through consideration 
of the clinical utility of the genetic test and client-focused 
genetic counseling should precede the use of any genetic test. 
These considerations are particularly important before the 
utilization of new technologies, which may have a higher 
likelihood of inconclusive test results, or use of genetic tests 
whose outcomes directly influence medical interventions (27). 

To appropriately select a diagnostic laboratory for their 
clients, genetic counselors must be aware of the rapidly 
evolving standards by which clinical laboratories are certified 
and the increasing involvement and oversight of other 
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government agencies and interested entities from the private 
sector. When a genetic counselor is not familiar with a 
laboratory, the genetic counselor should inquire about the 
laboratory’s accreditation, the additional voluntary profes- 
sional guidelines the laboratory follows, and the laboratory’s 
participation in proficiency testing, both external and internal. 
In addition, it is important to determine the laboratory’s 
experience with the particular test being considered and the 
specific technology utilized, as well as the training and 
certification of the laboratory and medical directors and other 
staff. In general, laboratories that voluntarily participate in 
multiple certification programs and that adhere to guidelines 
provided by professional organizations provide testing at a 
higher standard and should be utilized whenever possible. 

Genetic counselors play a critical role in ensuring that their 
patients receive the “ideal genetic test,” one that has optimal 
parameters for them. Genetic counselors should continue to 
participate actively in research aimed at evaluating the impact 
of the genetic testing outcomes and work with other 
stakeholders in defining enhanced oversight of genetic testing 
and global practice guidelines for the appropriate use of 
genetic tests (28-34). 


QUESTIONS TO BE ANSWERED 

Four questions must be answered by the genetic counselor: (i) 
What is the disease in question (clinical and laboratory 
diagnosis)? (ii) How severe is it (prognosis and therapeutic 
possibilities)? What can be done to treat the affected child 
postnatally? (iii) How is it caused/inherited (risk of recur- 
rence)? (iv) What can be done to avoid or prevent the disease 
(prenatal diagnosis)? (35). 


Diagnosis 

Knowledge of the disease in question is a prerequisite of 
genetic counseling. Confirmation of an exact diagnosis, which 
is of basic importance, may be difficult. Obtaining old or 
recent medical records, pedigree analysis, careful history- 
taking, clinical examination of relatives, special laboratory 
tests, and other investigations (may be involving referral to 
other specialist departments) can all be relevant or necessary 
procedures (36). 

The family history and pedigree are the basis for providing 
clients referred for genetic evaluation and counseling with a 
diagnosis, risk assessment, education, and psychosocial 
support. Accuracy, detail, and relevance are paramount. The 
genetic counseling student must develop a mastery of this 
fundamental task and employ standardized pedigree symbols 
and nomenclature that enhance the utility of the information 
obtained. The family history and pedigree have come a long 
way since the era of Francis Galton. An accurate and complete 
family history and pedigree lay the foundation for the highest 
standards of patient care and genetic counseling. They are 
tools now clearly viewed as having an essential role in all 
aspects of health care (37-41). 

Disease, whether genetic or nongenetic, may be due to a 
variety of factors. Genetic disease is particularly likely to be 
heterogeneous in this respect. For example, a muscular 
dystrophy may result from a number of mutant genes. Among 
the common types of muscular dystrophy, we have the 
facioscapulohumeral form, which is characteristically auto- 
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somal dominant, and myotonic dystrophy, also autosomal 
dominant. “Limb-girdle” muscular dystrophy, a diagnosis that 
probably comprises a number of disorders, is autosomal 
recessive. Duchenne, Becker, and Emery—Dreifuss muscular 
dystrophies are all X-linked recessive, with fairly distinct, but 
overlapping, phenotypes; under some conditions, they can 
manifest, usually in mild degree, in females also (e.g., 
symptomatic carriers). Sometimes investigation of a family 
with “muscular dystrophy” reveals that the primary disease 
was not in the muscles at all but, for example, a spinal 
muscular atrophy, originating in the anterior horn cells, or a 
more generalized disorder, for example, a glycogenosis (42). 

A practically identical clinical picture is characteristic of 
some of the commoner types of mucopolysaccharidoses. 
However, Hurler, Scheie, and Sanfilippo diseases are of 
autosomal recessive inheritance, whereas the Hunter disease 
is X-linked recessive. 

It should be noted that there are diseases that do not usually 
manifest until adulthood (e.g., Huntington disease, faciosca- 
pulohumeral muscular dystrophy), and that in connection 
with certain diseases of recessive (autosomal or X-linked) 
inheritance, heterozygotes may also show clinical symptoms, 
for example, axillary and pubic hair may be sparse in 
heterozygotes for testicular feminization, cutaneous symptoms 
may be seen by gene carriers for Fabry disease, and 
nephrolithiasis occurs in heterozygotes for cystinuria. 

In some cases, medical documents may be incomplete, or 
unobtainable; certain tests, which are now considered essential 
for the diagnosis, may not have been carried out or available at 
that time. There may be no histologic information, no 
postmortem report, no roentgenograms, no photographs, no 
biochemical results. Genetic counseling cannot be based on a 
diagnosis like “mental retardation,” “growth disorder,” or 
“degenerative disease.” Sometimes an exact diagnosis, like 
“achondroplasia,” may be clearly misleading. To make a 
correct diagnosis, with a few exceptions, requires detailed and 
correct information (42). 


Prognosis and Therapy 
Without a correct diagnosis, the genetic counselor cannot tell 
the parents whether there is a high or low risk of recurrence 
within the family, whether tests can be carried out to detect 
those persons/couples at high risk of having an affected child, 
whether prenatal diagnosis is possible (and if so, how, where, 
and when), whether the disease is in any way treatable, 
whether the severity is highly variable within a family, whether 
there are other (as yet undiscussed) serious implications, or 
whether other “reproductive options” are available. 
Although much genetic disease remains untreatable, the 
counselor must know the possibilities for the disease in 
question. He/she must be up-to-date and informed about 
surgical procedures and appliances (e.g., neonatal or prenatal 
surgery, transplantation, artificial limbs), about medical 
treatment (e.g., physiotherapy and antibiotic therapy for cystic 
fibrosis, use of restricted/special diets—for phenylketonuria/ 
galactosemia, use of specific vitamins—pyridoxine for certain 
epilepsies, hydroxocobalamin for B,, transport disorders), and 
about what is available within the community (e.g., help from 
social services, financial help for parents with handicapped 
children, institutional care). He/she must be able to discuss 


50.4 


Table 1 General Population Risks 


Condition Risk 
Fetal loss 

in the first trimester 1/6 

in the second and third trimesters 1/30-1/100 
Neonatal death 1/100 
Malformation detectable at birth 1/33 
Mental retardation 1/50 
Chronic disease in adulthood 1/5 


more remote possibilities, such as “gene therapy,” within a 
realistic perspective. He/she must be able to talk to the parents 
in a way, and at a level, that is appropriate to their preexisting 
knowledge and education, and their degree of anxiety or depth 
of grief. He/she must be prepared to educate them further. 
He/she must be understood and supportive (42). 


Genetic Risk 

This term covers two concepts: the general population risk of a 
disorder/disease and the risk, or recurrence risk, of a disorder/ 
disease in a specific family situation. 

Many couples have no idea at all of general population risks. 
They may imagine that it is extremely unusual to abort 
spontaneously, bear a baby with a malformation, or have a 
child with mental retardation. They cannot understand how 
such things can happen, if they are not in the family already. 
They do not understand why a particular disaster happened to 
them, as they had done nothing to deserve or provoke it. 

The general population risks for a few commonplace 
situations are given in Table 1. All genetic counseling has to 
be given, and understood, against this general “background” 
risk. For example, a couple may be horrified to be told there is 
a 1% recurrence risk for a certain malformation; they may 
perceive that as a very high-risk situation (although 100 to 
1 odds in a gambling situation are usually perceived as far from 
certainty!). It may help couples realize that an additional risk 
of 1% for a malformation is not so enormous when compared 
with the starting risk of 3% to 5%; they have only a 33% 
increase above the general risk level. 

In some counseling situations, couples may be at increased 
risk for one or a number of problems, as compared with 
general population risks, yet one is not talking of “recurrence 
risk,” the condition provoking anxiety, and the request for 
counseling has not yet happened. In these situations, actual 
risk may not be very high, though much above the general 
population level. For example, a woman of 40 has a risk of 
bearing a live-born with Down syndrome that is 20-fold the 
risk she ran when she was only 20. Yet the actual risk is only 
1/100. Similar low levels of risk (yet high, compared with 
general population risks) may be associated for example with 
exposure to teratogens or radiation; slightly higher levels of 
risk will be run in cousin marriages. 

Very high levels of risk, for a problem that has not yet 
appeared within the family, will seldom be met with except in 
connection with specific screening programs, for example, 
detection of Tay-Sachs heterozygotes in Ashkenazi Jews, of 
thalassemia carriers in Mediterranean populations; in these 
situations, when both (prospective) parents are heterozygotes, 
the risk of an affected child is 25%. In, virtually, all of these 
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very high-risk situations identified by screening, a prenatal test 
can be offered: but this would not be acceptable to all couples. 

When a disorder has already appeared within a family, 
recurrence risks may be high (>1/10), intermediate (1/10-1/100), 
or low (<1/100): use of these words, high, intermediate, low, is 
extremely arbitrary. The counselor’s use of such words may be at 
variance with the use, or perceptions, of the counseled couple. 
To the counselor a risk estimate may appear intermediate or low, 
yet to the counseled couple it is high. Risk figures can be 
“rewritten” by turning statements around; 1/100 recurrence risk, 
for a serious malformation may appear formidable to the 
threatened parents; it is more reassuring to be told there is 99% 
chance that the baby will be unaffected. Risk figures should be 
compared with general population risks. The nature of the 
disorder/problem itself, and the impossibility/possibility of 
prenatal diagnosis, will affect the way it is perceived (8). 

In some situations, recurrence risk is very low. If problems 
with a previous pregnancy were due to teratogen exposure, 
and the teratogen can be avoided in further pregnancies, risks 
may not be much above the general population risk. 

Most malformations are multifactorially determined. After 
a child with an isolated exomphalos, or tracheo-esophageal 
malformation, recurrence risk may be 1% to 2% only; 
although this represents a 20- to 40-fold increase over the 
general population level, it is still not a very daunting risk. 
After having a child with congenital heart disease, the 
recurrence risks are usually 2% to 5% (depending on the 
malformation type); the background rate, for congenital heart 
disease, is nearly 1% (8/1000). 

When dealing with a malformation problem, the counselor 
must be sure that it is really isolated and not part of a syndrome 
(that may be monogenic); for example, an occipital encephalo- 
cele alone might suggest a recurrence risk, for all types of neural 
tube defects, of about 2%; if the encephalocele was accompanied 
by cystic kidneys or polydactyly, the Meckel syndrome would 
probably be diagnosed, with a recurrence risk of 25%. 

In families with monogenic disorders, many relatives will 
run risks that are intermediate or low. For example, with a 
heterozygote frequency of 1/25 for cystic fibrosis, risk to the 
child of a woman whose brother was affected is 1/150, and risk 
to a child of a man whose brother’s child was affected is 1/200. 
In families with X-linked recessive disease, some females, with 
no closely affected relatives (but with many unaffected 
brothers or maternal uncles), will be at very low risk for being 
carriers or having affected sons. 

The background general population risk is not identical 
with the risk within a given family (specific risk), nor with the 
risk calculated for a given pregnancy (actual risk). For example, 
the background risk for a healthy person of being heterozygous 
for cystic fibrosis is 1/25, and the risk of his/her child being 
affected by the disease is 1/2500. However, the situation will 
change completely if it is revealed that the couples already have 
a child suffering from cystic fibrosis. In this case, the specific 
risk that both members of the couples are heterozygotes is 1/1, 
and the risk for a further child being affected is 1/4. If the 
couples undertake a pregnancy, and the pregnancy tests give 
normal results, the actual risk for an affected child will fall to 
about nearly zero. 

To talk about 100% reliability of a biochemical or molecular 
prenatal diagnosis is, in practice, nonsense. The counselor 
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should not use words like “never” or “always.” Instead, 
expressions like “probably not,” “a very high chance,” and 
“almost certainly” are preferable and might also avoid legal 
complications! (42). 

To explain the concept of risk, we may use analogies, for 
example, one coin (heads/tails) may be useful in explaining 
autosomal dominant inheritance and two coins may explain 
recessive inheritance. 

Discussion of risk situations demands tact. In particular, 
one should avoid laying “blame” to one member of the couple: 
this might be difficult in the case of autosomal dominant or 
X-linked recessive disorders or inherited chromosome 
rearrangements. It is better, if possible, to spread the 
“responsibility” to both members of the couple: for example, 
with an X-linked disorder and an affected male child, the 
mother gave the mutant gene, but without the paternal 
Y chromosome all would have been well. 

In cases of multifactorial determination, it is important not 
to accuse anybody, e.g., the physician who prescribed a drug or 
the factory in which the counselee was exposed to chemicals 
(and which guaranteed the safety of her work). An unfortunate 
combination of environmental factors and predisposing genes 
may be stressed. The counselor should intervene to prevent 
any further, possibly dangerous, exposure (43,44). 

In many cases, the client’s concerns center not on the 
diagnosis of an affected individual but on assessing future 
reproductive or personal health risk. The counselor can 
sometimes make such an assessment by analyzing the pedigree, 
taking into account the pattern of inheritance and the client’s 
relationship to individuals with the condition. Mathematical 
calculations may be needed to incorporate additional in- 
formation (e.g., carrier frequencies, test sensitivity and 
specificity, numbers of affected and unaffected individuals, 
the client’s age) to modify the risk. Questions about carrier 
status may be resolved with appropriate laboratory tests. When 
a condition has a multifactorial basis or is genetically 
heterogeneous, the best risk estimates may come from 
epidemiologic data on other families with affected individuals. 
Answering concerns about potentially mutagenic or terato- 
genic exposures also usually relies on empirical data about the 
agent in question and on evaluating the timing, duration, and 
dose of the exposure. In some areas of genetic counseling, such 
as cancer risk assessment, factors such as reproductive history, 
hormone use, and lifestyle issues such as smoking, obesity, or 
alcohol use are also important variables in risk assessment. 


Prenatal Diagnosis 
In very many counseling situations, the specific recurrence risk 
is so low that apart from a general screening for malforma- 
tions, further tests are superfluous. A simple reassurance may 
disappoint certain couples if they feel that their problem has 
been oversimplified. 

For most couples running a higher than average risk/ 
recurrence risk, one can offer prenatal diagnosis. Cases 
require individual assessment. The reliability and the safety of 
the diagnostic procedures should be discussed with the 
parents. These should be carefully weighed, bearing in mind 
the nature and severity of the disease/disorder prompting the 
desire for diagnosis/termination. It should be explained that 
the test(s) will be for one problem only or a limited range of 
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disorders, and normal results will not guarantee a child 
normal in every way. 

The final decision, to accept or reject the offer of prenatal 
diagnosis, is for the couple to make. Their decision will reflect 
their attitude to the disorder in question, and also their feelings 
regarding termination of pregnancy, should the test show an 
“affected” fetus. They should not be required to give any 
consent in advance, regarding abortion in this latter 
eventuality. 

The couples decide whether or not to undertake pregnancy 
and they decide whether or not to accept an offer of prenatal 
diagnosis. However, prenatal testing is time-consuming, 
laborious, and expensive; it uses human resources and 
materials that are, as a result, not available to others; it 
involves certain risks for the mother and fetus. If a couple are 
convinced that they would not terminate pregnancy in any 
event (an “affected” fetus), they will probably also be 
convinced that the risks, to mother and pregnancy, are not 
worth taking. 

In some autosomal or X-linked recessive situations, prenatal 
diagnosis is, at present, impossible, even though the genetic 
risk is high. In this difficult situation, some counseled couples 
will decide the 25% recurrence risk is too high and will choose 
termination of an existing pregnancy, sterilization, conception 
by AID, or divorce and remarriage. Other couples regard the 
75% chance of a healthy child a sufficient encouragement to 
make at least one more attempt to have a healthy child. 


Decision-Making of the Couple: Nondirective Counseling 
The physician/counselor gives information and the parents, in 
light of their own individual circumstances and attitudes, 
make the decision (45—48). 

The parental decision will depend on a number of factors: of 
importance may be their optimistic or pessimistic attitude 
of mind, their ethical and religious principles, their level of 
education, and/or their social circumstances. Their previous 
experiences with the disease in question may also be of decisive 
importance. Many couples declare that they do not want to 
undergo another tragedy. This is a most convincing argument. 

The personality of the counselor, too, is of great importance: 
the way in which information is imparted, the content and 
clarity of such information, the manner in which the couples’ 
own questions, fears, and problems are discussed and dealt 
with. Decision-making is extremely difficult and painful for 
some couples, and decisions will often have lifelong con- 
sequences. The counselor should help the couple to the best of 
his/her ability. 

All over the world, genetic counseling is primarily done by 
biologists, geneticists, and various medical specialists, mainly 
pediatricians and obstetricians (49). Pregnant women and 
their partners facing various genetic problems can base their 
decision on information and advice made available by these 
professionals’ knowledge and expertise. Counseling can follow 
two principles: the more widely used nondirective 
genetic counseling and the so-called directive genetic counsel- 
ing (50-53). Because the current era is dominated by legal 
claims against physicians, the nondirective method is more 
acceptable and more easily defendable, even though in Ethical 
Considerations in Prenatal Diagnosis, in many cases, patients 
expect and demand a decision-shaping process closely guided 
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by the physicians. When applying the nondirective method, 
the genetic counselor is ready to share information in a 
nondirective manner without committing to any potential 
alternative. It is very important that having thoroughly 
described the disease in question, the consultant should also 
inform the patient about the risk of occurrence and/or 
recurrence. After that, diagnostic alternatives should be 
described and offered—if there are any. This has to be done 
in a fashion so that the patients seeking counseling can 
understand the basic facts, and it may vary with the given 
circumstances. The patient’s fear and anxiety must not be 
worsened by giving an opinion expressed in mystical 
complicated sentences that are incomprehensible to ordinary 
people. By this point, the couples have already started the 
decision-making process. The physician leaves it to the 
patients to use the intensive interactive process to arrive at 
their final decision (50,53—55). 


PREDICTIVE TESTING AND PRESYMPTOMATIC 
DIAGNOSIS 

Predictive (susceptibility) testing (sometimes called “predisposi- 
tion testing” in the case of mutations with less than 100% 
penetrancy) identifies healthy individuals who may have 
inherited a genetic predisposition that puts them at increased 
risk of developing a multifactorial disease (e.g., Alzheimer 
disease or cancer), but who may never develop the disease in 
question (56). Presymptomatic diagnosis refers the identifica- 
tion of healthy individuals who may have inherited a gene for a 
late-onset monogenically inherited disease and, if so, will 
develop the disorder if they live long enough (e.g., Huntington 
disease) (57,58). DNA arrays could potentially include 
mutation probes for a large panel of late-onset disorders and 
an extended spectrum of mutations and polymorphisms for 
each one, dramatically complicating an already thorny genetic 
and social counseling problem (59). Do we have the right to 
inform the patient about the existence of untreatable disease 
before symptoms appear? Is it necessary to do so? Are we 
obliged to do that? Is this individual ill at all? Can or need 
populations be screened for certain diseases? Indeed, the 
development of some diseases might be slowed down if 
changes in lifestyle were implemented. The knowledge, 
however, that the development of serious disease is inevitable 
in a later stage of one’s life could put a heavy burden on his 
everyday existence and might even change an individual’s 
personality. Surviving in the knowledge that one is to expect to 
develop a malignant tumor by the age of 30 to 40 years is 
difficult (60-62). By the same token, possessing the relevant 
information might result in more careful diagnostic examina- 
tions, which should have a substantial effect on the life 
expectancy (8). 

At the same time, it raises the question of who is entitled to 
know the information, that is, confidentiality, the individual 
affected or his relatives. One might think that only the 
individual affected should, but with the disease in question 
being a genetic one, are the relatives not affected too? Do they 
not have the right to know their risk? Is the parent obliged to 
tell his or her child? Can the child request the performance of a 
predictive test? (63) Can the parent make a decision on 
whether the examination should be performed for her minor 
child? (64). Susceptibility testing and presymptomatic 
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diagnostics in the absence of therapeutic options should 
be available if certain conditions are met. It is important that 
the individual be provided thorough information about the 
limits of testing, and the information contribute to enhan- 
cing the pathography and informing the family because, 
in many cases, it is impossible to predict the onset and 
seriousness of a particular disease and its symptoms. 
Awareness of susceptibility could induce a change in the 
lifestyle that could prevent or prolong the development of a 
disease. If a disease is inevitable, the individual will have the 
chance of planning for his or her short life, as in the case of 
Huntington disease. Such genetic information can influence 
plans for marriage and having children (8). The problem is 
further complicated by the shortcomings of available 
predictive genetic tests that still carry a factor of serious 
uncertainty about whether a disease will develop and, if it 
does, when exactly and to what extent. Given the onus of this 
information, if there is no medical advantage concerning 
prevention or treatment, these examinations can best be 
postponed until adulthood, when the individual is able to 
make decisions on crucial aspects of his own life. Considering 
the likely rapid dissemination of predictive tests, there is an 
urgent need to develop a well-thought-out, detailed legal 
framework. Prohibition cannot be allowed because it would 
deprive the individual of rather important information. The 
proper regulation would eliminate the situation of diame- 
trically opposed interests among the parties and would make 
them interested in wide-ranging examinations. 


TERMINATION OF PREGNANCY BECAUSE 

OF GENETIC INDICATIONS 

Recent advances in technology have enabled the development 
of a wide range of methods for prenatal diagnosis (65). 
The demands of modern society are for a healthy “perfect 
baby” (66). The new techniques are aimed at early diagnosis of 
the abnormal fetus at a point where parents who wish to do so 
may terminate the pregnancy. The emphasis is not on the 
removal of the defective child, but rather on the provision of 
life for new healthy children, who may otherwise never have 
been born. 

The most challenging moments of genetic counseling arise 
when a decision has to be made on the disposition of a 
pregnancy (67). From the consultant’s point of view, those 
situations are the most difficult when the problem is so severe 
and the diagnosis is so bad that termination on a genetic basis 
may be proffered. Even in this case, the goal of nondirective 
counseling is to inform the patient about this option. The 
woman is about to resolve one of the most difficult situations 
of her life. The problems of fetal life have often been put in the 
center of debates, not only in professional circles, but also as a 
political issue. The rigid attitude of the Roman Catholic 
Church is well known and stirs a lot of debates even within 
that faith community. The church turns a deaf ear to the issue 
of termination and does not accept contraception as a 
legitimate option (with a few exceptions). Thus, it is difficult 
to provide the opportunities offered by the achievements of 
prenatal diagnosis to Catholics. In some liberal circles’ view, 
parents must be assured of having the widest possible sphere of 
authority. This cannot be readily accepted by a physician or an 
obstetrician-geneticist. 
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The weight of the decision depends on the gestational age 
of the pregnancy and other factors. Decisions on serious 
conditions detected in the first trimester are made 
easier (40). Given that most diagnoses are made in the 
second trimester, a very close relationship has sometimes 
developed between the fetus and the expectant mother by 
decision time. She may have seen its face during an 
ultrasound examination, and she may even know her 
offspring’s sex. Realizing her widening waistline, the people 
around her may learn about the pregnancy, and this 
knowledge and having to wait make it even more difficult 
for her to cope. The necessity to make a decision presents a 
major state of crisis, the extent of which depends, among 
other things, on the obstetrical anamnesis. In such a case, 
the task is to give the relevant facts, help the patient to 
consider them thoughtfully and calmly, and encourage her 
to develop positive prospects for the future. It is important 
to outline the possible short-term and long-term con- 
sequences of the decisions, the risk of the defect being 
recurrent, and the details of its heredity. 

If the woman opts to continue her pregnancy, she needs to 
be briefed on what sort of aid she can rely on from the fields 
of medicine and social services, as well as family care. Those 
deciding to terminate the pregnancy must be informed about 
the procedure to relieve tension and distress. In any case, this 
should ease the anxiety regarding the operation itself. It 
must be stressed that if the couple opts to terminate the 
pregnancy, the procedure must be initiated as early as 
possible. The methods used for midterm abortions vary 
from country to country. Third-trimester abortion also has a 
place in obstetrical practice. It is justified if the fetus will be 
unable to survive after birth, and the couple requests 
termination of pregnancy. Parents have a right to make this 
decision if the continuation of the pregnancy may increase 
the risk of maternal complications with no effect on fetal 
outcome (68,69). 

Fetal disease or disorder diagnosed in a twin pregnancy 
may be concordant or discordant. In the former situation 
both fetuses are affected, and termination may be carried out 
as for a single pregnancy. In a discordant twin pregnancy, 
when only one of the fetuses is affected, three outcomes are 
possible: (i) the couple may decide against any form of 
termination; (ii) the parents may decide to lose both fetuses, 
the affected and the healthy one; (iii) partial selective 
termination, bringing about death of the affected twin while 
preserving the normal one, may be attempted. The dead fetus 
develops into a fetus papyraceus, while the other fetus should 
develop normally (70). Multifetal pregnancy reduction also 
has become a well-established and integral part of infertility 
therapy and the attempts to deal with sequel of aggressive 
infertility management. Now we have very clear and precise 
data on the risks and benefits as well as an understanding that 
the risks increase substantially with the starting and finishing 
number of fetuses in multifetal pregnancies (71). Regardless 
of the method, the objective is to get the procedure over 
within the shortest possible time and in the least intrusive 
way. The patient ought to get back to her home as soon as 
possible to be able to deal with the tragedy with her loved 
ones. Access must be made available to post-termination 
counseling (50,55). 
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POST-TERMINATION FETOPATHOLOGY 

AND COUNSELING 

Fetopathology is a postmortem specialty concerned with 
causes and mechanisms of reproductive loss. In late first and 
early second trimesters, prenatal diagnosis of fetal anatomy by 
ultrasound became a major factor leading to termination. Even 
in centers with high rate of accurate prenatal ultrasound, a 
high percentage of fetuses with correctly diagnosed anomalies 
have additional defects that are not recognized by ultrasound. 
At the post-termination autopsy, the fetopathologist must 
concentrate on small, even minute anatomic details to find 
these additional defects to refine the pretermination diagnosis. 
It cannot be emphasized enough that with all terminations and 
pregnancy losses, the placenta should be submitted to the 
pathologist and the pathologist has to evaluate it in context 
with the clinical history and the postmortem findings of the 
fetus. The precise description of a clinically suspected anomaly 
and fine details of dysmorphic features and a solid final 
diagnosis are essential to the correct estimation of the 
recurrence risk so that the appropriate plan for surveillance 
in subsequent pregnancies can be instituted. Discussion of 
postmortem findings at regular fetal pathology/dysmorphol- 
ogy meetings is also recommended for education as part of a 
multidisciplinary approach. In these ways, fetopathology 
serves to promote the quality of the care of the individual 
and public health (72,73). 


PREIMPLANTATION DIAGNOSIS 

PGD is a technique devised within the last 20 years used 
primarily to identify genetic disorders or defects in human 
pre-embryos created by IVF prior to their implantation for 
gestation (74). PGD is intended to result in the selective 
destruction of extracorporeal human pre-embryos 
following genetic diagnosis. PGD is an attractive means of 
preventing genetic diseases, which, as an alternative to 
traditional prenatal genetic diagnosis, can avoid the need for 
termination of the affected fetuses. PGD is also used to detect 
aneuploidy and to select chromosomally normal pre-embryos 
for implantation, mostly in women of advanced maternal age 
undergoing IVF. The purpose of PGD is not simply to inform 
couples about the genetic nature of their pre-embryos, but 
the explicit purpose is also to transfer healthy pre-embryos 
(75). As a matter of general principle, prevention of the birth 
of a genetically or otherwise diseased or disabled child is 
plainly a morally legitimate goal. Nevertheless, strong moral 
objections have been made to the use of PGD to determine 
conditions that cannot plausibly be called “diseases,” such as 
sex and the absence of desirable physical, mental, or social 
characteristics. The selection of an embryo’s sex via PGD is 
done for two basic reasons: (i) preventing the transmission of 
sex-linked genetic disorders and (ii) choosing sex to achieve 
gender balance in a family with more than one child, to 
achieve a preferred order in the birth of children by sex, or to 
provide a parent with a child of the sex he/she prefers to raise. 
While little extended ethical debate exists regarding 
the former, sex selection for the purpose of preventing the 
transmission of sex-linked genetic disease, the latter is the 
subject of heated ethical disagreement (76). If some services 
become embroiled in the sex selection and in the detection of 
conditions having little or nothing to do with health and 
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disease and some traits unrelated to health in order to satisfy 
patient demand or be a profitable business, its practitioners 
will get, and deserve, serious ethical criticism (77). 


SUMMARY 

Over the last four decades, the portion of the patient 
population that needs genetic counseling services has steadily 
expanded. In the early years, genetic counselors met mostly 
with parents of children with genetic diseases or adults who 
had relatively uncommon disorders. Now we are counseling 
patients and families who are at relative risk for cardiovascular, 
oncologic, neurologic, and other common diseases (8,78). 

The principles of genetic counseling are universal, even 
though the practice of genetic counseling varies nationally and 
internationally. 

Genetic counseling is a dynamic profession, which under- 
goes rapid change with the discovery of new genetic 
information and the development of new genetic tests and 
treatment options. 

The role of the genetic counselor is to provide the most 
complete information available. His/her role is not that of 
an advocate for society. The geneticist has continuing 
obligation to recontact patients when new information 
develops. 

The 20th century witnessed revolutionary progress in the 
science of genetics that coincided with increasing societal 
demands, and therefore genetic counseling became an integral 
part of modern medicine and health care (79,80). 
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52 Assessment of fetal brain abnormalities 
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INTRODUCTION 

Recent advanced ultrasound imaging technologies such as 
high-frequency transvaginal scanning and three-dimensional 
(3D) sonography have been remarkably improved, and 
introduction of those technologies in clinical practice has 
contributed to prenatal evaluation of fetal central nervous 
system (CNS) development and assessment of CNS abnorm- 
alities in utero. 

Sonographic assessment of the fetal brain in the sagittal and 
coronal sections requires an approach through anterior/ 
posterior fontanelle and/or the sagittal suture. Transvaginal 
sonography of the fetal brain opened a new field in medicine, 
“neurosonography” (1). Transvaginal approach to the normal 
fetal brain during the second and third trimesters was 
introduced in the beginning of 1990s. It was the first practical 
application of 3D CNS assessment by two-dimensional (2D) 
ultrasound (2). Transvaginal observation of the fetal brain 
offers sagittal and coronal views of the brain (3—6) through the 
fontanelles and/or the sagittal suture as ultrasound windows. 
Serial oblique sections (1) via the same ultrasound window 
reveal the intracranial morphology in detail. This method has 
contributed to the prenatal assessment of congenital CNS 
anomalies and acquired brain damage in utero. Furthermore, 
the brain circulation demonstrated by transvaginal power 
Doppler was first reported in 1996 (7,8); brain vascularity and 
blood supply have become clearly detectable afterward. 

Three-dimensional ultrasound is one of the most attractive 
modality in a field of fetal ultrasound imaging. Automatic scan 
by dedicated 3D transducer produces motor-driven automatic 
sweeping and is called as a fan scan. With this method, a shift 
and/or angle change of the transducer is not required during 
scanning and scan duration needs only several seconds. After 
the acquisition of the target organ, multiplanar imaging analysis 
and tomographic imaging analysis are possible. Combination 
of both transvaginal sonography and 3D ultrasound (9-19) has 
been a great diagnostic tool for evaluation of 3D structure of 
fetal CNS. Recent advanced 3D ultrasound equipments have 
several useful functions as follows: 


e Surface anatomy imaging 

e Bony structural imaging of the calvaria and vertebrae 
(13,14) 

e Multiplanar imaging of the intracranial structure 

e Tomographic ultrasound imaging of fetal brain in 
the any cutting section (Fig. 1) 

e Thick slice imaging of the intracranial structure 

e Simultaneous volume contrast imaging of the same 
section or vertical section of fetal brain structure 

e Volume calculation of target organs such as 
intracranial cavity, ventricle, choroid plexus, and 
intracranial lesions (20-25) 


e Three-dimensional sono-angiography of the brain 
circulation (3D power Doppler) (8) 


Fetal neuroimaging with advanced 3D technology is an 
easy, noninvasive, and reproducible method. It produces not 
only comprehensible images but also objective imaging data. 
Easy storage/extraction of raw volume data set enables easy 
off-line analysis and consultation to neurologists and 
neurosurgeons. 


VENTRICULOMEGALY AND HYDROCEPHALUS 
“Hydrocephalus” and “ventriculomegaly” are both the terms 
used to describe dilatation of the lateral ventricles. However, 
those two should be distinguished from each other. Hydro- 
cephalus signifies dilated lateral ventricles resulted from 
increased amount of cerebrospinal fluid (CSF) inside the 
ventricles and increased intracranial pressure, while ventricu- 
lomegaly is the dilatation of lateral ventricles without increased 
intracranial pressure, due to cerebral hypoplasia or CNS 
anomaly such as agenesis of the corpus callosum (26,27). Of 
course, ventriculomegaly can sometimes change into hydro- 
cephalic state. In sonographic imaging, those two intracranial 
conditions can be differentiated by visualization of subar- 
achnoid space and appearance of choroid plexus. In normal 
condition, subarachnoid space, visualized around both the 
cerebral hemispheres, is well preserved during pregnancy. 
Choroid plexus is a soft tissue and is easily affected by 
intracranial pressure. Obliterated subarachnoid space and 
dangling choroid plexus are observed in the case of 
hydrocephalus. By contrast, the subarachnoid space and 
choroid plexus are well preserved in cases of ventriculomegaly. 
It is difficult to evaluate subarachnoid space in the axial plane 
because the subarachnoid space is observed in the parietal side 
of the hemispheres. It is suggested that the evaluation of 
enlarged ventricles should be done in the parasagittal and 
coronal views by transvaginal approach to the fetal brain or 3D 
multidimensional analysis (Fig. 2). As a screening examina- 
tion, the measurement of atrial width (AW) is useful with a 
cutoff value of 10mm (28,29). In normal fetuses, blood flow 
waveforms of dural sinuses, such as the superior sagittal sinus, 
vein of Galen, and straight sinus have pulsatile pattern (30). 
However, in cases with progressive hydrocephalus, normal 
pulsation disappears and blood flow waveforms become flat 
pattern (30). Intracranial venous blood flow may be related to 
increased intracranial pressure. 


Variety of Mild Ventriculomegaly with AW 10-15mm 

Mild ventriculomegaly is defined as of a width of the atrium 
of the lateral cerebral ventricles of 10 to 15mm. It has been 
reported that mild ventriculomegaly with AW 10 to 15mm 
resolves in 29%, remains stable in 57%, and progresses in 
14% of the cases during pregnancy (31). In cases of 
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Figure 1 Tomographic ultrasound imaging by three-dimensional transvaginal sonography. Normal brain at 20 weeks (left) and 31 weeks (right) on the coronal 
cutting sections. Note the changing cortical development between those two different gestational stages. 
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Figure 2 Hydrocephalus (left) and ventriculomegaly (right). Tomographic ultrasound imaging of X-linked hydrocephalus at 21 weeks (left) and ventriculomegaly 
at 25 weeks (right). Note the obliterated subarachnoid space in the hydrocephalic case compared with normal subarachnoid space in the ventriculomegaly case. 


ventriculomegaly with AW of 10 to 13mm at referral, the 
ultimate fetal outcome and prognosis depends on associated 
abnormalities. 

Generally, in cases of mild fetal ventriculomegaly with a 
normal karyotype and an absence of malformations, the 
outcome appears to be favorable (32). Pilu and his collea- 
gues (33) reviewed 234 cases of borderline ventriculomegaly 
including an abnormal outcome in 22.8% and concluded that 
borderline ventriculomegaly carries an increased risk of cerebral 
maldevelopment, delayed neurologic development, and, possi- 
bly, chromosomal aberrations. Isolated mild ventriculomegaly 
with AW of 10 to 12mm may be normal variation. Signorelli 
and colleagues (34) described that their data of normal 
neurodevelopment between 18 months and 10 years after birth 
in cases of isolated mild ventriculomegaly (AW of 10-12 mm) 
should provide a basis for reassuring counseling. Ouahba 
and colleagues (35) recently reported the outcome of 167 
cases of isolated mild ventriculomegaly and concluded that 
in addition to associated anomalies, three criteria are often 
associated with an unfavorable outcome: AW greater than 
12mm, progression of the enlargement, and asymmetrical and 
bilateral ventriculomegaly. 


Moderate to Severe Ventriculomegaly and Hydrocephalus 
with AW>15mm 

The term of “hydrocephalus” does not identify a specified 
disease, but is a generic term that means a group of pathologic 
conditions due to abnormal circulation of CSF. Treatment 
method of hydrocephalus should be selected according to age 
of onset and symptoms. Congenital hydrocephalus is classified 
into three categories by causes that disturb CSF circulation 
pathway: simple hydrocephalus, dysgenetic hydrocephalus, 
and secondary hydrocephalus (15,26). 


1. Simple hydrocephalus 


Simple hydrocephalus, caused by developmental abnorm- 
ality that is localized within CSF circulation pathway, includes 
aqueductal stenosis, atresia of foramen Monro, and mal- 
development of arachnoid granulation. 

2. Dysgenetic hydrocephalus 


Dysgenetic hydrocephalus indicates hydrocephalus as a result 
of cerebral developmental disorder in early developmental stage 
and includes hydranencephaly, holoprosencephaly, porence- 
phaly, schizencephaly, Dandy-Walker malformation, dysraph- 
ism, and Chiari malformation. 
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Figure 3 Encephalocele. Tomographic ultrasound imaging (upper) and MR imaging (lower) in a case of encephalocele at 28 weeks of gestation. 


3. Secondary hydrocephalus 

Secondary hydrocephalus is a generic term indicating 
hydrocephalus caused by intracranial pathologic condition, 
such as brain tumor, intracranial infection, and intracranial 
hemorrhage. 


In cases with progressive hydrocephalus, there may be 
seven stages of progression: (i) increased fluid collection of 
lateral ventricles, (ii) increased intracranial pressure, (iii) 
dangling choroid plexus, (iv) disappearance of subarachnoid 
space, (v) excessive extension of the dura and superior 
sagittal sinus, (vi) disappearance of venous pulsation, and 
finally (vii) enlarged skull (24). In general, both hydro- 
cephalus and ventriculomegaly are still evaluated by the 
measurement of biparietal diameter and AW in transabdom- 
inal axial section. 

Although all cases have similar ventricular appearance, the 
causes of ventriculomegaly vary, such as Chiari type IL 
malformation, aqueductal obstruction, and amniotic band 
syndrome (ABS). In the case of ABS, amniotic band attached 
to the scalp resulted in partial cranial bone defect and a small 
cephalocele, which may have caused Monro obstruction and 
enlarged ventricles. 

From our data of 23 ventriculomegaly cases with AW>15 
mm (27), 9 cases (39.1%) had no other CNS abnormality, but 
2 out of those 9 were complicated with chromosomal 
aberration. Four cases out of seven without any complication 
had favorable postnatal prognosis after ventricular—peritoneal 
shunting procedure. Among the rest of 14 cases with other 
CNS abnormalities, holoprosencephaly was detected in 5 cases 
and myelomeningocele in 5 cases (27). 


NEURAL TUBE DEFECTS 

Cranium Bifidum 

Cranium bifidum is classified into four types of encepha- 
loschisis (including anencephaly and exencephaly), meningo- 
cele, encephalomeningocele, encephalocystocele, and cranium 
bifidum occultum. Encephalocele occurs in the occipital 
region in 70% to 80%. Acrania, exencephaly, and anencephaly 
are not independent anomalies. It is considered that dysraphia 
(absent cranial vault, acrania) occurs in very early stage and 
disintegration of the exposed brain (exencephaly) during the 
fetal period results in anencephaly. Encephalocele (Fig. 3) is 
often observed in the median section and in the parieto- 
occipital part. ABS should be differentiated from acrania 
during early pregnancy, because ABS has completely different 
pathogenesis from acrania/exencephaly. In cases of ABS, 
cranial destruction occurs secondary to an amniotic band; 
similar appearance is often observed. 


Spina Bifida 

Spina bifida aperta, manifest form of spina bifida, is classified 
into four types: meningocele, myelomeningocele, myelocys- 
tocele, and myeloschisis. In myelomeningocele, the spinal cord 
and its protective covering (the meninges) protrude from an 
opening in the spine. In meningocele, the spinal cord develops 
normally but the meninges protrude from a spinal opening. 
The most common location of the malformations is the 
lumbar and sacral areas of the spinal cord. Chiari type II 
malformation and secondary hydrocephalus/ventriculomegaly 
are mostly, and scoliosis or kyphosis occasionally, associated 
with open spina bifida. Surface anatomy of the fetus and 
appearance of clubfoot, which occasionally manifests early in 
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Figure 4 Myelomeningocele. Two-dimensional (2D) ultrasound of myelomeningocele (upper left) and myelomeningocele with kyphosis (lower left), 3D 
ultrasound (middle), and MRI (right). Right upper MRI shows Chiari type II malformation (arrows). Clear visualization of spinal cord protrusion is obtained by 
2D ultrasound and MRI. The 3D ultrasound images show the bony structure that helps to determine the level of spina bifida and lower extremity appearance. 


mid-gestation as a complication of spinal bifida, are easily 
demonstrable by using 3D ultrasound. The 3D ultrasound 
with maximum mode can demonstrate bony structure (Fig. 4) 
and is helpful to detect the spinal levels of lesion and to 
predict neurologic prognosis. Although most myelomeningo- 
celes are demonstrated as a protruding swelling, fetal back 
appears flat in the type of myeloschisis; therefore, open spina 
bifida may be often overlooked. Because more than 80% of 
cases of open spina bifida are associated with ventriculome- 
galy due to Chiari type II malformation, demonstration of 
ventriculomegaly is usually the first observable sign leading to 
the detailed examination of spine and the subsequent 
diagnosis of spinal bifida. 


PROSENCEPHALIC DEVELOPMENTAL DISORDER 
Holoprosencephaly 

Holoprosencephalies are classified into three varieties: alobar, 
semilobar, and lobar types. Facial abnormalities such as 
cyclopia, ethmocephaly, cebocephaly, flat nose, cleft lip, and 
palate are invariably associated with holoprosencephaly and 
extracerebral abnormalities. Facial abnormalities are often 
associated with holoprosencephaly. 


Agenesis of the Corpus Callosum 

Absence of the corpus callosum (AOCC) is divided into 
complete agenesis, partial agenesis, or hypogenesis. Chromo- 
somal aberration or syndromic diseases may occasionally be 
related to agenesis of the corpus callosum. Colpocephalic 
ventriculomegaly with disproportionate enlargement of tri- 
gones, occipital horns and temporal horns, and superior 
elongation of the third ventricle is usually observed. Inter- 
hemispheric cyst is often associated with AOCC and some 
cases are with pericallosal lipoma. Complete AOCC is 


demonstrated in the coronal and sagittal sections by 
sonography and fetal MRI. Typical shape of enlarged ventricles 
associated with AOCC is colpocephaly with large occipital 
horns. Typical radiated formation of brain vessels in the 
sagittal section is demonstrated by color Doppler study. As the 
corpus callosum is depicted after 17 or 18 weeks of gestation 
by ultrasound, it is impossible to diagnose agenesis of the 
corpus callosum prior to this age (36). 


POSTERIOR FOSSA ANOMALY 

Chiari Malformation 

Chiari classified anomalies with cerebellar herniation in the 
spinal canal into three types by contents of herniated tissue: 
contents of type I is a lip of cerebellum; type II part of 
cerebellum, fourth ventricle and medulla oblongata, and 
pons; and type II large herniation of the posterior fossa. 
Thereafter, type IV with just cerebellar hypogenesis was 
added. However, this classification occasionally leads to 
confusion in neuroimaging diagnosis. Therefore, at present, 
the classification as below is advocated: type I not associated 
with myelomeningocele, type II (schematic picture is shown 
in Fig. 5 upper left) associated with myelomeningocele, type 
III associated with cephalocele or craniocervical meningocele, 
and type IV associated with marked cerebellar hypogenesis 
and posterior fossa shrinking. Chiari malformation occurs 
according to i) inferior displacement of the medulla and the 
fourth ventricle into the upper cervical canal, ii) elongation 
and thinning of the upper medulla and lower pons and 
persistence of the embryonic flexure of these structures, iii) 
inferior displacement of the lower cerebellum through the 
foramen magnum into the upper cervical region, and iv) a 
variety of bony defects of the foramen magnum, occiput, and 
upper cervical vertebra (37). Hydrocephalus is caused by 
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Figure 5 Chiari type II malformation. Schematic picture of Chiari type II malformation (upper left). Elongation and stenosis of the aqueduct and fourth ventricle 
in the specimen from aborted fetus at 21 weeks (upper middle) are shown. Lower brain images are lemon sign and banana sign from the left. Arrowheads indicate 
indentations of lemon-shaped skull and banana-shaped cerebellum. Lower middle picture shows the lemon sign on the autopsy of an aborted fetus. Right sagittal 
ultrasound images show normal cerebrospinal structure, Chiari type II malformation without kink, and Chiari II with medullary kink from above. 


obstruction of fourth ventricular outflow or associated 
aqueductal stenosis. Eighty-eight percent of fetuses with open 
spina bifida develop ventriculomegaly, by 21 weeks of 
gestation in the majority of cases (38). As prenatal 
neuroimaging of Chiari malformation, lemon and banana 
signs (39) are circumstantial evidences of Chiari malforma- 
tion, which are easily demonstrated in the early second 
trimester. Lemon sign indicates deformity of the frontal bone, 
and banana sign indicates abnormal shape of cerebellum 
without cisterna magna space (Fig. 5, lower). Herniation of the 
cerebellar tonsil and medulla oblongata and medullary kink 
are demonstrable (Fig. 5, right). Small clivus—supraocciput 
angle is seen in cases of Chiari malformation (40). 


DANDY WALKER MALFORMATION, DANDY WALKER 
VARIANT, MEGACISTERNA MAGNA 

During development of the fourth ventricular roof, a delay or 
total failure of the foramen of Magendie to open occurs, 
allowing a buildup of CSF and development of the cystic 
dilation of the fourth ventricle. Despite the subsequent 
opening of the foramina of Luschka (usually patent in 
Dandy-Walker malformation), cystic dilatation of the fourth 
ventricle persists and CSF flow is impaired. At present, the 
term “Dandy—Walker complex” by Barkovich et al. (41) is 
used to indicate a spectrum of anomalies of the posterior 
fossa that are classified by axial CT scans as it follows. 
Dandy-Walker malformation, Dandy-Walker variant, and 
megacisterna magna seem to represent a continuum of 
developmental anomalies of the posterior fossa (41). Figure 6 
(upper) shows the differential diagnosis of hypoechoic lesion 


of the posterior fossa, and typical sonographic images of 
Dandy-Walker malformation are shown in the lower part of 
Figure 6. 


e (Classic) Dandy-Walker malformation: cystic dilata- 
tion of fourth ventricle, enlarged posterior fossa, 
elevated tentorium, and complete or partial agenesis 
of the cerebellar vermis. 

e Dandy-Walker variant: variable hypoplasia of the 
cerebellar vermis with or without enlargement of the 
posterior fossa. 

e Megacisterna magna: enlarged cisterna magna with 
integrity of both cerebellar vermis and fourth 
ventricle. 


NEURONAL PROLIFERATION DISORDER 

Microcephaly 

Microcephaly is defined as a head circumference that is more 
than two standard deviations below the normal mean for age, 
sex, race, and gestation. Infections such as with rubella, 
cytomegalovirus, varicella (chicken pox) virus, and toxoplas- 
mosis, radiation, medications, chromosome abnormalities, 
and genetic diseases may cause microcephaly. Occasionally, 
microcephaly occurs with late onset during pregnancy (42). 


NEURONAL MIGRATION DISORDERS 

Neuronal migration disorders are caused by the abnormal 
migration of neurons in the developing brain and nervous 
system. Neurons must migrate from the areas where they are 
born to the areas where they will settle into their proper neural 
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Figure 6 Differential diagnosis of hypoechoic lesion of the posterior fossa (upper) and typical sonographic images of Dandy-Walker malformation (lower). 
Abbreviation: C, cerebellum. Asterisks indicate cystic dilatation of the fourth ventricle. 


circuits. Neuronal migration, which occurs as early as the 
second month of gestation, is controlled by a complex 
assortment of chemical guides and signals. When these signals 
are absent or incorrect, neurons do not end up where they 
belong. This can result in structurally abnormal or missing 
areas of the brain in the cerebral hemispheres, cerebellum, 
brainstem, or hippocampus, including schizencephaly, por- 
encephaly, lissencephaly, agyria, macrogyria, pachygyria, 
microgyria, micropolygyria, neuronal heterotopias (including 
band heterotopia), agenesis of the corpus callosum, and 
agenesis of the cranial nerves. Symptoms vary according to the 
specific disorder and the degree of brain abnormality and 
subsequent neurologic losses, but often feature poor muscle 
tone and motor function, seizures, developmental delays, 
mental retardation, failure to grow and thrive, difficulties with 
feeding, swelling in the extremities, and a smaller than normal 
head. Most infants with a neuronal migration disorder appear 


normal, but some disorders have characteristic facial or skull 
features. 


Lissencephaly 
Lissencephaly is very rare and characterized by a lack of gyral 
development and divided into two types. 

Lissencephaly type I shows a smooth surface of the brain 
and cerebral wall is similar to that of an approximately 
12-week-old fetus (43). Isolated lissencephaly (Fig. 7) or Miller- 
Dieker syndrome is associated with additional craniofacial 
abnormalities, cardiac anomalies, genital anomalies, sacral 
dimple, creases, and/or clinodactyly. Lissencephaly type I 
shows cobblestone appearance. Walker—-Warburg syndrome 
with macrocephaly, congenital muscular dystrophy, cerebellar 
malformation, and retinal malformation or Fukuyama con- 
genital muscular dystrophy with microcephaly and congenital 
muscular dystrophy has been proven. 
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Figure 7 Changing appearance of Sylvian fissure in the anterior coronal section (upper) and abnormal Sylvian fissure in cases of migration disorder (lower). At 20 


weeks of gestation, bilateral Sylvian fissures (arrowheads) appear to be indentations (left). With cortical development, Sylvian fissures are formed during the latter 
half of second trimester (middle) and become as lateral sulci. Sylvian fissure appearance is one of the most reliable ultrasound markers for the assessment of 


cortical development. Lower MR images show coronal cutting sections of various migration disorders after 30 weeks of gestation: Isolated lissencephaly, 


cobblestone lissencephaly, and pachygyria from left. 


Recently, classification has been made based on associated 
malformations and etiologies. 


- Classic lissencephaly (previously known as type I lissencephaly) 
Lissencephaly due to LIS1 gene mutation 
Type I isolated lissencephaly 
Link to chromosome 17p13.3 and chromosome 
Xq24-q24 
Miller—Dieker syndrome link to chromosome 17p13.3 
Lissencephaly due to doublecortin gene mutation 
Lissencephaly type I, isolated, without other genetic defects 
- Lissencephaly X-linked with AOCC (ARX gene) 
- Lissencephaly with cerebellar hypoplasia 
Norman-Roberts syndrome (mutation of reelin gene) 
- Microlissencephaly (lissencephaly and microcephaly) 
- Cobblestone lissencephaly (previously known as type II 
lissencephaly) 
Walker—Warburg syndrome, HARD(E) syndrome 
Fukuyama syndrome linked to chromosome 9q31, 
fukutin (44) 
Muscle-eye-brain disease 


A few reports of prenatal diagnosis of lissencephaly have 
been published (45-47). It was described that without 
previous history of an affected child, lissencephaly probably 
cannot be reliably made until 26 to 28 weeks of gestation (48). 
However, from recent study in the assessment of Sylvian 
fissure appearance during pregnancy, there might be a 
potential of earlier diagnosis of migration disorders (49). 


Schizencephaly 
Schizencephaly is a disorder characterized by congenital 
clefts in the cerebral mantle, lined by pia-ependyma, with 


communication between the subarachnoid space laterally and 
the ventricular system medially. Of that 63% is unilateral and 
37% bilateral. Frontal region is 44% and frontoparietal is 30% 
(43). Schizencephaly is associated with ventriculomegaly, 
microcephaly, polymicrogyria, gray matter heterotopias, 
dysgenesis of the corpus callosum, absence of the septum 
pellucidum, and optic nerve hypoplasia. 


OTHER CONGENITAL ANOMALIES 

Arachnoid Cyst, Interhemispheric Cyst 

Congenital or acquired cyst, with prevalence of 1% of 
intracranial masses in newborns, is lined by arachnoid 
membranes and filled with fluid collection, which is of the 
same characteristic as the CSF. The number of cysts is mostly 
single, but two or more cysts can be occasionally observed. 
Location of arachnoid cyst is various, and it is said that 
approximately 50% of cysts occurs from the Sylvian fissure 
(middle fossa), 20% from the posterior fossa, and 10% to 
20% each from the convexity, suprasellar, interhemisphere, 
and quadrigeminal cistern in the pediatric field. Interhemi- 
spheric cysts are commonly associated with agenesis or 
hypogenesis of the corpus callosum. Callosal agenesis with 
interhemispheric cyst is classified as two types (50). Type I 
cysts appear to be an extension or diverticulum of the third 
or lateral ventricles, whereas type 2 cysts are loculated and do 
not communicate with the ventricular system. Prenatal 
neuroimaging examples of interhemispheric cyst, middle 
fossa arachnoid cyst, and suprasellar arachnoid cyst are 
shown in Figure 8. As intrauterine spontaneous resolution or 
changing cyst size is often seen during fetal period, serial 
scanning is important. Detection in the first trimester was 
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Figure 8 Prenatal neuroimaging of interhemispheric cyst, middle fossa arachnoid cyst, and suprasellar arachnoid cyst. 


MRI, magnetic resonance imaging. 


reported (51). Prognosis is generally good. Many are 
asymptomatic and remain quiescent for years, although 
others may expand and cause neurologic symptoms by 
compressing adjacent brain, development of ventriculome- 
galy, and/or expanding the overlying skull. 


Brain Tumors 

Brain tumors are divided into teratomatous, most are the 
commonly reported brain tumors, and nonteratomatous. 
Nonteratomatous tumors includes neuroepithelial tumor, such 
as medulloblastoma, astrocytoma, choroid plexus papilloma, 
choroid plexus carcinoma, ependymoma, ependymoblastoma, 
and mesenchymal tumor such as craniopharyngioma, sarcoma, 
fibroma, hemangioblastoma, hemangioma, and meningioma, 
and others such as lipoma of the corpus callosum, subependy- 
mal giant-cell astrocytoma associated with tuberous sclerosis 
(often accompanied by cardiac rhabdomyoma) (52). Depend- 
ing on the site and vascularity, these tumors may lead to 
macrocrania or local skull swelling, epignathus, secondary 
hydrocephalus, intracranial hemorrhage, intraventricular he- 
morrhage, polyhydramnios, and heart failure by high-cardiac 
output (53) or hydrops. Intracranial masses with solid, cystic, 
or mixture pattern with or without visualization of hypervas- 
cularity can be detected by ultrasound and fetal MRI. Brain 
tumor should be considered in cases with unexplained 
intracranial hemorrhage. 
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Craniosynostosis 
Craniosynostosis is the premature closure of cranial suture, 
which may affect one or more cranial sutures. Simple sagittal 
synostosis is most common. Various cranial shapes depend on 
affected suture(s). 


Sagittal suture Scaphocephaly or dolichocephaly 


Bilateral coronal suture Brachycephaly 
Unilateral coronal suture Anterior plagiocephaly 
Metopic suture Trigonocephaly 
Lambdoid suture Acrocephaly 
Unilateral lambdoid suture Posterior plagiocephaly 
Coronal/lambdoid/metopic Cloverleaf skull 

or squamous/sagittal suture 
Total cranial sutures Oxycephaly 


Craniosynostosis due to specific syndromes (syndromic 
craniosynostosis) is usually associated with additional specific 
features and therefore correct differentiation between these 
conditions is possible. Examples include Crouzon syndrome 
(acrocephaly, synostosis of coronal, sagittal and lambdoid 
sutures and ocular proptosis, maxillary hypoplasia), Apert 
syndrome (brachycephaly, irregular synostosis, especially 
coronal suture and midfacial hypoplasia, syndactyly, broad 
distal phalanx of thumb, and big toe), Pfeiffer syndrome 
(brachycephaly, synostosis of coronal and/or sagittal sutures 
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Figure 9 Three-dimensional B-flow detection, color Doppler image, and MRI of vein of Galen aneurysmal malformation. 


and hypertelorism, broad thumbs and toes, and partial 
syndactyly), and Antley—Bixler syndrome (brachycephaly, 
multiple synostosis, especially of coronal suture and maxillary 
hypoplasia, radiohumeral synostosis, choanal atresia, arthro- 
gryposis). Abnormal craniofacial appearance can be detected 
prenatally by 2D/3D ultrasound (26,54—56). 


VEIN OF GALEN ANEURYSMAL MALFORMATION 

It is a congenital malformation of blood vessels of the brain. 
The main structure is direct arteriovenous fistulas in which 
blood shunts from choroidal and/or quadrigeminal arteries 
into an overlying single median venous sac. Vein of Galen 
aneurysm is not “aneurysm” but “arteriovenous malforma- 
tion (AVM).” Vein of Galen aneurysmal malformation 
(VGAM) is a choroidal type of AVM involving the vein of 
Galen forerunner. This is distinct from an AVM with 
venous drainage into a dilated, but already formed, vein of 
Galen (57). Associated anomalies are cardiomegaly, high 
cardiac output, secondary hydrocephalus, macrocrania, 
cerebral ischemia (intracranial steal phenomenon), and 
subarachnoid/cerebral/intraventricular hemorrhages. The 
3D B-flow detection, color Doppler image, and MRI of 
VGAM are shown in Figure 9. 


Pericallosal Lipoma 

Intracranial lipomas are congenital malformations composed 
of mature adipocytes. They are usually located in the midline, 
particularly in the pericallosal region, a hemispheric location 
accounting for only 3% to 7% of cases. Two morphologic 
types of pericallosal lipoma have been described (58,59). 


Tubulonodular type with generally greater than 2cm in 
diameter (often smaller than 2cm in fetal period) has a high 
incidence of corpus callosum dysgenesis, frontal lobe anoma- 
lies, and frontal encephaloceles. Curvilinear type, which 
comprises thin, posteriorly situated lipomas curving around 
the splenium, is generally associated with a normal corpus 
callosum and otherwise has a low incidence of associated 
anomalies. High echogenic mass can be easily demonstrated by 
ultrasound. Several reports on prenatal diagnosis have been 
published (60-62). 


ACQUIRED BRAIN ABNORMALITIES IN UTERO 

In terms of encephalopathy or cerebral palsy, “timing of brain 
insult, antepartum, intrapartum, or postpartum? is one of 
the serious controversial issues including medico-socio- 
legal-ethical problems (15). Although brain insults may relate 
to antepartum events in a substantial number of term infants 
with hypoxic-ischemic encephalopathy, the timing of insult 
cannot always be certain. It is a difficult task to provide a 
precise prediction of subsequent development of cerebral palsy 
after a given antepartum event or complication. Fetal heart 
rate monitoring cannot reveal the presence of encephalopathy, 
and neuroimaging by ultrasound and MR imaging is the most 
reliable modality for disclosure of silent encephalopathy. 
In many cases with cerebral palsy with acquired brain insults, 
especially term-delivered infants with reactive fetal heart 
rate tracing and good Apgar score at delivery, recent 
imaging studies have confirmed the presence of brain insult 
in utero, suggesting that the majority of cerebral palsy are 
of antepartum rather than intrapartum in origin. 
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Figure 10 Intracerebral hemorrhage at 32 weeks of gestation. Transvaginal three-dimensional tomographic ultrasound images show unilateral ventriculomegaly 
due to cerebral hemorrhage and fresh intracerebral hemorrhage (arrows), which is going to change into porencephaly. 


Intracranial Hemorrhage 

Intracranial hemorrhage includes subdural hemorrhage, 
primary subarachnoid hemorrhage, intracerebellar hemor- 
rhage, intraventricular hemorrhage, and intraparenchymal 
hemorrhage other than cerebellar hemorrhage (63). Hydro- 
cephalus, hydranencephaly, porencephaly, and/or microce- 
phaly are possible secondary complications, which are often 
detectable by imaging studies. Unilateral ventriculomegaly due 
to cerebral hemorrhage and fresh intracerebral hemorrhage is 
shown in Figure 10. The hyperechoic lesion is changing into 
porencephaly in a short period. 


Porencephaly 

Porencephaly or porencephalic cyst is defined as fluid-filled 
spaces replacing normal brain parenchyma and may or may 
not communicate with the lateral ventricles or subarachnoid 
space. The causes may be ischemic episode, trauma (64), 
demise of one twin, Intracerebral hemorrhage, and infection 
of cytomegalovirus (65). Some cases in utero have been 
reported (66,67). Porencephalic cyst never causes a mass 
effect, which is observed in cases with arachnoid cyst or 
other cystic mass lesions. This condition is acquired brain 
insult and differentiated from schizencephaly of migration 
disorder. 


FETAL PERIVENTRICULAR LEUKOMALACIA 

Multifocal areas of necrosis are found deep in the cortical 
white matter, which are often symmetrical and occur 
adjacent to the lateral ventricles. Periventricular leukomala- 
cia (PVL) represents a major precursor for neurologic and 
intellectual impairment, and cerebral palsy in later life. About 


25% to 75% of premature infants at autopsy are complicated 
with periventricular white matter injury. However, clinically, 
incidence may be much lower. About 5% to 10% of infants 
have less than 1500g birth weight. In term infants, PVL is 
very rare. 


CONCLUSIONS 

Recent advances of imaging technology have provided us 
objective neuroimaging diagnosis as shown in this article. 
Longitudinal and careful evaluation of neurologic short-term/ 
long-term prognosis should be required according to precise 
prenatal diagnosis, for proper counseling and management 
based on accurate evidence. 
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INTRODUCTION 

Red blood cell (RBC) alloimmunization, or isoimmunization, 
is the development of maternal antibodies to fetal RBC 
antigens. Hemolytic disease of the newborn/fetus is a 
hemolytic anemia that results from the lysis of the fetal RBCs 
by maternal antibodies. It is often characterized by excessive 
erythroblasts in the fetal bone marrow and circulation 
(erythroblastosis fetalis). Other features include generalized 
edema (hydrops fetalis) and hepatosplenomegaly. Alloimmu- 
nization and hemolytic disease of the newborn/fetus most 
commonly occur when maternal antibodies form against 
paternally derived Rhesus (D) antigens of the fetus, which is 
termed Rhesus (Rh) alloimmunization. 


HISTORY 

A midwife, Louyse Bourgeois, first described hemolytic disease 
of the newborn in 1609 after delivering a set of twins. One twin 
was a stillbirth with hydrops and the other with severe jaundice 
died a few days later. Sylvius, in 1679, reported cases of 
hydrops combined with severe jaundice, which was thought to 
be caused by a blockage of the “bile tract.” Person and Cheyne, 
in 1799 and 1802, respectively, reported cases of infant 
fatalities with severe jaundice in which the autopsy reports 
showed patent bile ducts. In 1905, Auden described the 
features of hemolytic disease of the newborn. He noted that 
the first born was often unaffected and it was the subsequent 
pregnancies that showed hydrops and jaundice. While 
reporting a case of hydrops fetalis in 1912, Rautmann was 
the first to use the term “erythroblastosis.” In 1923, Ottenburg 
wrote a paper in which he discussed “accidental placental 
transfusion of incompatible blood.” This was followed by 
Darrow’s hypothesis in 1938 that hemolysis was caused by the 
passage of anti-fetal hemoglobin from mother to fetus (1). 

It was not until 1940 that the Rh antibody was discovered. 
Landsteiner and Weiner discovered the agglutination of 
human red cells when mixed with the antiserum of the 
Macacus rhesus and designated this property of human blood 
“Rh” (2). Wiener and Peters then demonstrated the transfu- 
sion reactions caused by giving Rh-positive blood to 
Rh-negative patients (1). It was in 1941 that Levine described 
several cases of infants with erythroblastosis fetalis in which 
the hemolytic disease of the fetus was caused by maternal Rh 
isoimmunization (3). 

In the 1950s and 1960s, we began to see invasive testing take 
place to evaluate the fetus at risk for erythroblastosis fetalis. In 
1956, Bevis, using spectrophotometry, measured blood 
pigments in amniotic fluid and suggested that the concentra- 
tion of bilirubin in the amniotic fluid was an indicator of the 
severity of the hemolytic process in the baby (4). In 1961, Sir 
William Liley, using amniocentesis and spectrophotometric 
measurements, described the use of spectral absorption curves 


to measure the degree of fetal anemia and suggested that 
these findings could be used to select the optimal time for 
delivery (5). He proposed a graph with three zones to indicate 
the severity of the disease from 27 weeks of gestation to term, 
which was known as the Liley method. In 1993, a modification 
of the Liley method by Queenan et al. expanded the normal 
spectrophotometric measurements to include 14 to 40 weeks 
of gestation and proposed four management zones (6). In 
2000, Mari et al. proposed a noninvasive method to diagnose 
fetal anemia by ultrasonographic measurement of the middle 
cerebral artery peak systolic velocity (MCA-PSV) (7). 

Before the 1960s, fetuses determined to be at significant 
risk for hemolytic disease could only be offered induction of 
labor at 34 weeks of gestation. Although perinatal mortality 
was greatly reduced by selective induction, there were no 
therapies for the severely affected fetus at less than 34 weeks 
of gestation (8). In 1963, after identifying an anemic fetus, 
Liley performed the first successful intraperitoneal fetal 
transfusion at 32 weeks of gestation and again at 33 weeks 
of gestation (8). At 34 weeks and 3 days of gestation, labor 
was induced and the mother eventually delivered via cesarean 
section a viable male infant weighing 2560g (8). The boy was 
named Grant Liley McLeod (9). In 1964, Freda and Adamson 
described the first intravascular exchange transfusion at 27 
weeks of gestation via hysterotomy (10). A fetal leg was 
delivered through a small uterine incision, a catheter was 
placed in the femoral artery, and the transfusion was 
performed. Thirty-six hours later, preterm labor ensued and 
the infant died from complications of prematurity (10). In 
1966, Asensio performed an intravascular exchange transfu- 
sion in Puerto Rico on a severely anemic fetus at 31 weeks of 
gestation. The technique was similar to that described by 
Freda and Adamson with a few modifications. The pregnancy 
continued for 3 weeks postoperatively and eventually 
delivered via cesarean section secondary to premature rupture 
of membranes. A viable female infant was born weighing 
2034g and was discharged home 18 days after delivery (11). 
In 1973, Valenti used fetoscopy to perform the first aspiration 
of fetal blood from the umbilical cord and the blood samples 
were used to diagnose hemoglobinopathies (12). He proposed 
that the procedure could be used for intrauterine diagnosis 
and therapy. In 1978, Rodeck and Campbell described a 
technique to obtain pure fetal blood via fetoscopy in 
gestations ranging from 16 to 22 weeks (13). Rodeck 
proposed that since pure blood can be removed from the 
umbilical circulation via fetoscopy, transfusion should also be 
possible, and, in 1981, Rodeck described two cases of fetal 
blood transfusion directly into an umbilical vessel via 
fetoscopy (14). Both patients were initially transfused at 
23 weeks of gestation: one fetus survived after cesarean 
delivery at 30 weeks of gestation, while the other underwent 
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Table 1 Risk of Red Blood Cell (RBC) Alloimmunization 
from Different Clinical Situations 


Risk of RBC 
Clinical situation alloimmunization (%) 
Induced abortions 4-5 
First-trimester losses 1-2 
Chorionic villus sampling 14 
Amniocentesis 7-15 
External cephalic version 2-6 
Threatened abortion (controversial) 
Antepartum hemorrhage Th 


Placenta previa with bleeding 

Suspected abruption 

Blunt trauma to abdomen (including 
motor vehicle accidents) 

Fetal death 

Fetal blood sampling 

Fetal surgery 

Ectopic 

Partial molar pregnancy 


as 


Source: From Ref. 17. 


an intrauterine demise at 26 weeks of gestation (14). And in 
1982, Bang described a case of ultrasound-guided intravenous 
fetal transfusion in a fetus severely affected by Rh isoimmu- 
nization at 29 weeks of gestation. The patient delivered via 
cesarean section at 32 weeks of gestation and the neonatal 
period was unremarkable (15). 


PATHOPHYSIOLOGY 
Maternal alloimmunization occurs when the gravid patient 
develops an immune response to a paternally derived antigen 
found on the surface of the fetal RBC. The most common 
antigen to cause RBC alloimmunization is Rh (D). The 
majority of Rh (D) alloimmunization is the result of 
fetomaternal hemorrhage. Fetomaternal hemorrhage has been 
shown to affect 75% of pregnancies during or shortly after 
delivery (16). Less than 0.l1mL of fetal blood entering the 
maternal circulation causes most cases of alloimmuni- 
zation (16). There are several clinical scenarios when a 
pregnancy is at risk for fetomaternal hemorrhage, the most 
significant of which is at the time of delivery. Other clinical 
scenarios that have demonstrated fetomaternal hemorrhage 
and the risk of RBC alloimmunization are found in Table 1. 
Once Rh (D) alloimmunization has occurred, it is then 
possible for the maternal IgG antibodies to cross the placenta, 
attach to the fetal RBC Rh (D) antigen, and cause RBC 
destruction in the fetal spleen resulting in a hemolytic anemia. 
This fetal anemia stimulates erythropoietin and the bone marrow 
produces more RBCs. If the anemia is severe enough, the bone 
marrow alone may not be able to produce enough RBCs. In this 
case, erythropoiesis will take place outside of the bone marrow in 
sites such as the liver and spleen, causing hepatosplenomegaly. 
Erythropoiesis outside of the fetal bone marrow also will cause 
immature erythroblasts to appear in the circulation. 


NOMENCLATURE 

There are several systems of nomenclature used to classify the 
Rh antigens. The Fisher—Race is perhaps the most commonly 
used nomenclature system in obstetrics. In this system, there 
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are five major antigens: C, c, D, E, and e (note that there is no d 
antigen). A group of three antigens form one gene complex, 
such as CDe. One gene complex is inherited from each parent, 
thereby forming a person’s genotype (such as CDe/cDE). The 
most common gene complexes are CDe, cde, and cDE, which 
are found in 41%, 39%, and 16% of the Caucasian population, 
respectively. The terms “Rh (D) positive”? and “Rh (D) 
negative” describe the presence or absence of the D antigen. 
When a genotype includes the letter “d” (e.g., Cde), this is used 
to indicate the absence of the D antigen, which results in an Rh 
(D)-negative phenotype (18). The Rh genes are encoded on 
chromosome 1p34-p36. Rh (D)-negative status in Caucasians 
is due to a deletion of the Rh (D) gene on chromosome 1 (18). 

In addition to the five major antigens in the Rh system, 
there are several variants. Of note is the antigen called weak D 
or Du. Among patients with weak D, alloimmunization is rare 
and anti-D immunoglobulin is not routinely indicated for 
prophylaxis (19). 

Other antibodies outside of the Rh system have been 
identified, such as Kell, Duffy, and Kidd. Anti-Lewis antibodies 
do not cause hemolytic disease of the fetus/newborn because 
the Lewis antigens do not develop on the fetal RBC until after 
birth and the anti-Lewis antibody is of the IgM class, making it 
too large to cross the placenta into the fetal circulation. Table 2 
displays a more complete list of antigens known to cause 
alloimmunization and the associated risks of hemolytic 
disease. 


EPIDEMIOLOGY 

The Rh (D)-negative blood type is found in 15% of 
Caucasians, 8% of African-Americans, and less than 1% of 
Asian populations. The highest known incidence is in the 
Basque population, where the rate of Rh (D)-negative status 
is 30%. In 2003, the incidence of Rh alloimmunization was 
6.8 per 1000 live births in the United States (21). Fetal anemia 
from RBC alloimmunization occurs less than 1% of the time, 
and only 10% of those neonates will require transfusions. 


DIAGNOSIS 
All pregnant females should be tested for ABO blood group 
type, Rh (D) status, and the presence of erythrocyte antibodies 
at the time of their initial prenatal visit (19). This battery of 
tests should be repeated at the onset of every pregnancy. The 
intent of routine screening is to identify Rh (D)-negative 
females prior to the development of alloimmunization in 
order to provide Rh (D) immunoglobulin. Anti-D immuno- 
globulin prophylaxis, when properly administered, prevents 
more than 99% of cases of alloimmunization. The American 
Association of Blood Banks recommends reevaluation of Rh 
antibody status prior to the administration of Rh (D) 
immunoglobulin, postpartum, and after any traumatic events 
during the antepartum period. The advantage of a second 
screening test prior to administration of Rh (D) immuno- 
globulin at 28 weeks of gestation is the detection of those 
rare cases in which immunization occurs early in pregnancy. 
Unfortunately, there is no immunoglobulin available for 
the prevention of an RBC antigen reaction other than for 
Rh (D). 

Rh (D)-positive females do not require further evaluation. 
As mentioned previously, mothers who are D positive, but 
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Table 2 Atypical Antibodies and Their Relationship to Fetal Hemolytic Disease 
Antigens related to 


Blood group system hemolytic disease Hemolytic disease severity 
Lewis = 
L + 
Kell K Mild to severe’ 
K Mild 
Ko Mild 
Kp* Mild 
Kp? Mild 
Jsa Mild 
Jsb Mild 
Rh (non-D) iE Mild to severe’ 
Cc Mild to severe’ 
€ Mild to severe’ 
Duffy Fy? Mild to severe’ 
Fy? + 
By Mild 
Kidd Jk? Mild to severe 
Jk Mild 
Jk? Mild 
MNSs M Mild to severe 
N Mild 
S Mild to severe 
S Mild to severe 
U Mild to severe 
Mi? Moderate 
MSSs Mt? Moderate 
Vw Mild 
Mur Mild 
Hil Mild 
Hut Mild 
Lutheran ioi Mild 
Lu? Mild 
Diego iP Mild to severe 
pi? Mild to severe 
Xg Xg* Mild 
P Bn (UP) Mild to severe 
Public antigens Yt Moderate to severe 
vie Mild 
Lan Mild 
En? Moderate 
Ge Mild 
ite Mild 
Co* Severe 
Col? Mild 
Private antigens Batty Mild 
Becker Mild 
Berrens Mild 
Biles Moderate 
Evans Mild 
Gonzales Mild 
Good Severe 
Heibel Moderate 
Hunt Mild 
Jobbins Mild 
Radin Moderate 
Rm Mild 
Ven Mild 
Wright? Severe 
Wright? Mild 
Zd Moderate 
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Proposed management 


Fetal assessment 
Routine obstetric care 
Routine obstetric care 
Routine obstetric care 
Routine obstetric care 
Routine obstetric care 
Routine obstetric care 
Fetal assessment 
Fetal assessment 
Fetal assessment 
Fetal assessment 
Routine obstetric care 
Routine obstetric care 
Fetal assessment 
Routine obstetric care 
Routine obstetric care 
Fetal assessment 
Routine obstetric care 
Fetal assessment 
Fetal assessment 
Fetal assessment 
Fetal assessment 
Fetal assessment 
Routine obstetric care 
Routine obstetric care 
Routine obstetric care 
Routine obstetric care 
Routine obstetric care 
Routine obstetric care 
Fetal assessment 
Fetal assessment 
Routine obstetric care 
Fetal assessment 
Fetal assessment 
Routine obstetric care 
Routine obstetric care 
Fetal assessment 
Routine obstetric care 
Routine obstetric care 
Fetal assessment 
Routine obstetric care 
Routine obstetric care 
Routine obstetric care 
Routine obstetric care 
Fetal assessment 
Routine obstetric care 
Routine obstetric care 
Fetal assessment 
Fetal assessment 
Routine obstetric care 
Routine obstetric care 
Fetal assessment 
Routine obstetric care 
Routine obstetric care 
Fetal assessment 
Routine obstetric care 
Fetal assessment 


“Not a proven cause of hemolytic disease of the newborn. ‘With hydrops fetalis. *Not a cause of hemolytic disease of the newborn. Source: From Ref. 20. 
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with D present in reduced quantities, formerly called Du, do 
not need anti-D prophylaxis. Mothers who are partial 
D positive, that is, lacking some epitopes of D, should receive 
anti-D immunoglobulin, since they are at risk for hemolytic 
disease (19). Rh (D)-negative females without alloantibodies 
require administration of Rh (D) immunoglobulin at defined 
intervals during pregnancy (see Management section). 
Rh (D)-negative females with preformed alloantibodies 
require further investigation to determine the potential for 
impact upon the fetus. The least invasive approach involves 
paternal testing utilizing antisera or DNA (PCR). If the father 
is homozygous for the D antigen, all his offspring will be 
at risk for anemia; if he is heterozygous, then 50% of the 
offspring will be at risk. If the father of the fetus/neonate is 
definitely known to be Rh (D) negative, neither antepartum 
nor postpartum anti-D prophylaxis needs to be administered. 
Analysis of the fetal genotype is appropriate when the 
paternal genotype is heterozygous or uncertain. Amniocentesis 
with PCR of uncultured amniocytes is the most common 
method utilized, with a sensitivity and specificity of 98.7% 
and 100%, respectively, and positive and negative predictive 
values of 100% and 96.9%, respectively (22). Chorionic villus 
sampling (CVS) also has been utilized for this purpose, but is 
discouraged due to the increased risk of fetomaternal 
hemorrhage and alloimmunization (23). Another option is 
the analysis of maternal plasma or serum for fetal DNA. Greater 
than 90% accuracy exists in the second trimester due to the high 
concentrations of fetal DNA in maternal plasma (24-26). 


MANAGEMENT OF UNAFFECTED PREGNANCIES 
During the 1960s, efforts were made to prevent the formation 
of maternal antibodies. In 1961, Dr. Ronald Finn proposed 
that administration of antibodies to Rh (D)-negative mothers 
could prevent a maternal immune response to Rh (D)-positive 
fetal blood cells (27). In 1964, Dr. Vincent Freda, at Sing Sing 
Prison in Ossining, New York, conducted an experiment on 
Rh (D)-negative male prisoners in which he injected 
radiolabeled Rh (D)-positive blood cells. The men were then 
given anti-D serum and it was noted that the radiolabeled cells 
were removed rapidly from their systems (28). In 1966, 
RhoGAM” was first developed and found to be successful at 
preventing alloimmunization. It eventually was introduced in 
North America in 1968. 

Anti-D immunoglobulin is routinely administered during 
pregnancy in Rh (D)-negative women without evidence of 
alloimmunization. The American Association of Blood Banks 
recommends dosing at 28 weeks of gestation, postpartum, and 
after any suspected episodes of fetomaternal hemorrhage. The 
majority of cases of fetomaternal hemorrhage occur during 
uncomplicated vaginal deliveries, with an average of 0.1mL of 
fetal blood entering the maternal circulation and causing 
alloimmunization (29-32). Antepartum fetomaternal hemor- 
rhage accounts for 1% to 2% of Rh alloimmunization (33). 
Common scenarios leading to alloimmunization include 
spontaneous, threatened, and induced abortions, ectopic 
pregnancy, CVS, amniocentesis, and external cephalic version. 

While a variety of Rh immunoglobulin is available in the 
United States, RhoGAM was the first approved for clinical use 
and is the most commonly used. Other products that are 
available include HyperRHO” S/D, Rhophylac’, and WinRho” 
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SDF. The primary difference in these products is the method 
of purification and subsequent mode of delivery. RhaoGAM 
and HyperRHO S/D are processed by cold ethanol fractiona- 
tion, resulting in a less purified product that requires 
intramuscular administration. By contrast, Rhophylac and 
WinRho SDF are prepared by chromatography, allowing for 
intravenous and intramuscular administration routes. Anti-D 
immunoglobulin is extracted from plasma of individuals with 
high-titer D IgG antibodies. The risk of transmission of viral 
infections or side effects is minimal to absent and is not a 
clinically significant factor. 

In the United States, standard dosing of anti-D immuno- 
globulin for Rh (D)-negative women without evidence of 
alloimmunization is 300 ug given at 28 weeks of gestation, 
and again in the postpartum period if the neonate is 
Rh (D)-positive and delivery occurs at least 3 weeks after the 
first administration. This practice reduces the incidence of 
antenatal alloimmunization from 2% to 0.1% (16,34). 

An alternate anti-D immunoglobulin prophylaxis regimen, 
used primarily in the United Kingdom, is 100 ug at 28 and 
34 weeks of gestation, as well as after delivery if the neonate is 
Rh (D) positive. There is a trend for less immunization during 
pregnancy for all women [relative risk (RR) = 0.42, 
95% confidence interval (CI): 0.15-1.17] and for women 
giving birth to an Rh (D)-positive infant (RR = 0.41, 95% 
CI: 0.16-1.04) compared with no prophylaxis. Overall risk was 
lowered to about 0.2% without any adverse effects (35-37). 
Although trials have shown a nonsignificant reduction in 
immunization at 2 to 12 months following the birth of an 
Rh-positive infant in women who had received anti-D 
(RR = 0.14, 95% CI: 0.02-1.15), they were significantly less 
likely to have a positive Kleihauer-Betke (KB) test during 
pregnancy (RR = 0.60, 95% CI: 0.41—0.88) and at the birth of 
an Rh (D)-positive infant (RR = 0.60, 95% CI: 0.46—-0.79) (36). 
Similarly, in Canada, 100 to 120 ug are administered at 28 and 
34 weeks of gestation. 

Alloimmunization can infrequently occur prior to 28 weeks 
of gestation, leading to the recommendation that an antibody 
screen be performed at the time of immunoglobulin admin- 
istration to detect preexisting maternal sensitization. One dose 
of Rh (D) immunoglobulin is effective for 12 weeks, with a half- 
life of 16 to 24 days, and should be re-dosed after that interval in 
antepartum patients. The anti-D immunoglobulin affects the 
antibody screen (38). Usually, the effect of the immunoglobulin 
is not present until 12 weeks after its administration. 

Excessive maternal—fetal hemorrhage may require more 
than the typical dose of Rh (D) immunoglobulin. The standard 
dose of 300 ug can protect from maternal sensitization caused 
by up to 30mL of fetal whole blood or 15mL of fetal RBCs in 
the maternal circulation. Occurrence of maternal—fetal 
hemorrhage can be determined by the rosette test. The 
standard dose of Rh (D) immunoglobulin is given for negative 
results, while a positive result requires further testing. A KB 
test determines the percentage of fetal blood cells in maternal 
circulation by utilizing flow cytometry. This value is then 
multiplied by 50 to determine the volume of hemorrhage, 
and one unit (300 ug) of immunoglobulin is provided for 
every 30mL of hemorrhaged volume. A maximum of five units 
may be given by intramuscular administration in a 24-hour 
period; alternatively, 600 ug may be provided intravenously 
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Figure 1 The steps to correctly sample the middle cerebral artery peak systolic velocity (MCA-PSV). (A) An axial section of the head is obtained at the level of the 
sphenoid bones; (B) color Doppler evidences the circle of Willis; (C) the circle of Willis is enlarged; (D) the color box is placed around the MCA; (E) the MCA is 
zoomed; and (F) the MCA flow velocity waveforms are displayed and the PSV is measured at its proximal point, after the origin from the internal carotid artery, 


and at a 0° angle, thus avoiding angle corrections. Source: From Ref. 45. 


every 8 hours until the entire dose is given. Some clinicians 
have advocated the KB test for all Rh (D)-negative women at 
delivery, since 50% of cases requiring more than the standard 
postpartum dose of anti-D immunoglobulin can be missed by 
high-risk situation screening only (39). The risk of fetoma- 
ternal hemorrhage greater than 30mL is approximately 
0.1% to 0.2%. 

Anti-D immunoglobulin given within 72 hours after 
childbirth is associated with a 96% decreased incidence of 
Rh (D) alloimmunization 6 months after birth and an 88% 
decreased incidence of Rh (D) alloimmunization in a 
subsequent pregnancy in Rh (D)-negative women who have 
given birth to an Rh (D)-positive infant (40). These benefits 


are seen regardless of the ABO status of the mother and baby. 
Anti-D immunoglobulin can be given as late as 28 days 
postpartum if indicated but previously not given. Anti-D 
immunoglobulin is given to all Rh (D)-negative women after 
confirmation from cord blood of the Rh (D)-positive status of 
the neonate. Even when immunoglobulin is correctly 
administered, alloimmunization can still occur in the ante- 
partum period in up to 2% of women with postpartum anti-D 
administration only. The risk of Rh (D) alloimmunization 
remains because of inadvertent antepartum or postpartum 
omission, failure to use the drug due to other antenatal 
complications, and insufficient dosing at delivery in cases of 
large volume fetomaternal hemorrhage. 
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Table 3 Reference Ranges for Fetal Hemoglobin Concen- 
trations as a Function of Gestational Age* 


Multiples of the median (MoM) grams 


Wakai per deciliter 

gestation 1.16 1.00 (median) 0.84 0.65 0.55 
18 123 10.6 8.9 6.9 5.8 
20 i128) AEI 95 WD 6.1 
22 13.4 11.6 9.7 Te) 6.4 
24 13) 1220 10.1 7.8 6.6 
26 14.3 P 10.3 8.0 6.8 
28 14.6 12.6 10.6 8.2 6.9 
30 14.8 12.8 10.8 8.3 Wl 
22 152 ial 10.9 8.5 WD 
34 15.4 1353 WN 8.6 IES) 
36 15.6 13.5 ES) 8.7 7.4 
38 15.8 13.6 11.4 8.9 WS) 
40 16.0 13.8 11.6 9.0 7.6 


“The hemoglobin values at 0.65 and 0.55 multiples of the median (cutoff 
points for mild and moderate anemia, respectively) are also shown. The 
values at 1.16 and 0.84 multiples of the median correspond to the 95th and 
5th percentiles, respectively (the normal range). Source: From Ref. 7. 


Table 4 Expected Peak Velocity of Systolic Blood Flow in 
the Middle Cerebral Artery as a Function of Gestational Age 


Multiples of the median (MoM) centimeters 


Week of per second 

gestation 1.00 (median) 1.29 1.50 1.55 
18 Doe) USS) 34.8 36.0 
20 259 32.8 38.2 IS) 
22 DYE) 36.0 41.9 43.3 
24 30.7 39.5 46.0 47.5 
26 33.6 43.3 50.4 Sell 
28 36.9 47.6 55.4 SV 
30 40.5 52D 60.7 62.8 
32 44.4 573 66.6 68.9 
34 48.7 62.9 Holl 75.6 
36 59.9 69.0 80.2 82.9 
38 58.7 OS 88.0 91.0 
40 64.4 83.0 96.6 99.8 


Source: From Ref. 7. 


MANAGEMENT OF RBC-ALLOIMMUNIZED 
PREGNANCIES 

If Rh (D) antibodies are detected in the maternal circulation 
on the antibody screen, for example, by a positive indirect 
Coombs’ test, the patient is considered alloimmunized. 
Among Rh (D)-alloimmunized pregnancies, mild-to- 
moderate hemolytic anemia and hyperbilirubinemia occur 
in 25% to 30% of fetuses/neonates, and 25% of those can 
develop hydrops (41). With correct management, the 
perinatal survival rate in cases of anemia is >90%; when 
fetal hydrops is present, survival is often >80%. There is no 
trial that has assessed the best management for RBC- 
alloimmunized pregnancies, but fetal transfusion is probably 
the most beneficial of all fetal therapies available. Although it 
is reported that the risk of fetal demise is between 1% and 2% 
for each fetal blood sampling (FBS), there are situations in 
which the risk is much higher, for example, when 
cordocenteses and transfusions are performed at gestational 
ages as early as 15 to 18 weeks. 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


Once the fetal D antigen is known to be present in an 
alloimmunized pregnancy, antenatal management centers on 
monitoring the situation and preventing fetal hemolysis. In 
patients at risk, it is important to perform a first-trimester 
ultrasound to establish the gestational age. Assessment for the 
risk of fetal anemia depends on the history of Rh complica- 
tions in previous pregnancies, the titer of RBC antibodies, and 
MCA-PSV values (22). Determination of the maternal titer 
using an indirect Coombs’ test is the most common screening 
tool used to determine the degree of alloimmunization. Titer 
values represent the highest level of dilution that can produce 
an agglutination reaction. Critical titers correspond to the 
level of antibodies that place a fetus at significant risk for 
anemia/hydrops, with 1:16 = 10%, 1:32 = 25%, 1:64 = 50%, 
and 1:128 = 75% risk of anemia. The critical titer should be 
determined in each laboratory due to large differences in 
measurements between laboratories. In most laboratories, the 
critical titer for anti-D is approximately 1:16 in albumin or 
1:32 using an indirect Coombs’ test. For anti-Kell, the critical 
titer is 1:8. Maternal titers are typically drawn monthly until 
24 weeks of gestation and then are repeated biweekly to detect 
worsening alloimmunization. Antenatal testing from 32 weeks 
of gestation forward and scheduled induction of labor by 
38 weeks of gestation are routinely performed. 

Traditionally, spectral analysis of amniotic fluid at 450 nm 
(AOD450) to detect bilirubin levels has been used as a measure of 
hemolytic activity. Due to its dependence upon gestational age, 
the AOD,s9 is plotted on a Queenan curve (6) (14—40 weeks of 
gestation) or a Liley graph (8) (27 weeks of gestation to term). 

Contemporary management of alloimmunized pregnancies 
emphasizes the noninvasive detection of worsening fetal 
anemia through the use of ultrasound. With fetal anemia, 
decreased blood viscosity leads to increased venous return, 
consequently increasing cardiac output with increased blood 
flow velocity in all vessels. Degrees of anemia correlate with 
corresponding changes in blood velocity. Mari et al. have 
previously shown that Doppler ultrasound measurement of 
the MCA-PSV can reliably identify fetal anemia. Compared 
with amniocentesis for AOD459 assessment, the MCA-PSV is 
associated with a 70% to 80% reduction in the number of 
invasive tests (22). The MCA-PSV is also more accurate than 
amniocentesis in detecting fetal anemia (7,42—44). 

Screening with the MCA-PSV can be started as early as 
15 weeks of gestation (8). The main advantage of the MCA is 
that it is easy to measure at a 0° angle, which is essential for an 
accurate measurement of the true blood flow. The steps for the 
correct measurement of the MCA-PSV are (i) an axial section 
of the head is obtained at the level of the sphenoid bones; 
(ii) color Doppler evidences the circle of Willis; (iii) the circle 
of Willis is enlarged; (iv) the color box is placed around the 
MCA; (v) the MCA is zoomed; and (vi) the MCA flow velocity 
waveforms are displayed and the PSV is measured at its 
proximal point, after the origin from the internal carotid 
artery, and at a 0° angle, thus avoiding angle corrections 
(Fig. 1). The waveforms should be similar. The above sequence 
is repeated at least three times in each fetus. Measurement at 
this point allows the lowest intra- and interobserver variability, 
as well as standardization of the measurement (46). Multiples 
of the median (MoM) for the hemoglobin concentration 
(Table 3) and the MCA-PSV (Table 4 and Fig. 2) correct for 
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Figure 2 Middle cerebral artery peak systolic velocity (MCA-PSV) values correlated with gestational age. 


Source: From Ref. 7. 


the effect of gestational age on the measurements (22). The 
MCA-PSV has a sensitivity of 100% (95% CI: 0.86-1.0) for the 
detection of significant fetal anemia with a false positive rate of 
12% at 1.50 MoM (22). The number of false positive findings 
increases following 35 weeks of gestation (47). The number of 
false positive cases after 35 weeks of gestation may be decreased 
by looking at the overall trend of the MCA-PSV, rather than 
single values (48). An MoM > 1.5 indicates moderate-to-severe 
anemia and the need for invasive management. 

The MCA-PSV may also be used to diagnose anemia of 
other etiologies, including parvovirus infection, nonimmune 
hydrops, fetomaternal hemorrhage, and twin-to-twin transfu- 
sion syndrome. Severe intrauterine growth restriction (IUGR) 
is also associated with an increased MCA-PSV (49). This 
should be taken into account when the MCA-PSV is used 
diagnostically; however, it is very unlikely that an anemic fetus 
is also a severe IUGR fetus. Moderate-to-severe fetal anemia 
may also be suggested by hydropic signs (at least two out of the 
following: pericardial or pleural effusion, ascites, or skin 
edema), an increase in size of the fetal liver or placental 
thickness, or by tricuspid regurgitation. 

Once conservative measurements document a worsening 
hemolysis consistent with moderate-to-severe anemia (MCA- 
PSV > 1.5 MoM), therapeutic intervention involves intrauter- 
ine fetal assessment and transfusion. This process begins with 
administration of a paralytic [vecuronium bromide 0.1 mg/kg 
of estimated fetal weight (EFW)] to stop fetal movement, 
followed by the acquisition of venous blood from the base of 
the umbilical cord by the placental insertion site. The baseline 
fetal hematocrit determines the volume of transfusion to yield 
a target hematocrit of 40% to 50%. This target value takes into 


Abbreviation: MoM, multiples of the median. 


account an expected decline of approximately 1% per day until 
a subsequent fetal transfusion. Transfusion is performed at the 
umbilical vein at either the placental insertion or inside the 
abdomen. Intraperitoneal transfusion is rarely performed and 
is contraindicated in the hydropic fetus because of poor 
absorption of blood. Corticosteroids for fetal maturation 
should be given before the procedure when FBS is performed 
after 24 weeks of gestation. Type O, Rh (D)-negative, 
cytomegalovirus-negative, washed, leukoreduced, irradiated 
packed RBCs cross-matched against maternal blood should be 
used. The blood usually contains 75% to 85% RBCs, allowing 
minimal blood volume for the transfusion (50). Transfusions 
are provided every 14 days until suppression of fetal 
erythropoiesis is documented; thereafter, the rate of declining 
hematocrit levels can be used to time further transfusions. 
Intrauterine transfusions are performed until 35 weeks of 
gestation, with delivery planned for 38 weeks of gestation (51). 

The FBS is performed under continuous ultrasound 
guidance. Prophylactic antibiotics can be given, although no 
trial has evaluated their efficacy. Following 24 weeks of 
gestation, the procedure should be performed after alerting 
anesthesiology and in a location close to an operating room 
should an emergency occur. Tubing and syringes should be 
heparinized. Maternal skin can be anesthetized with 1% lido- 
caine at the point of needle entry. A 20- or 22-gauge needle is 
typically used. After entering the umbilical vein, a sample of 
fetal blood is withdrawn and the hemoglobin concentration is 
immediately (within 1 or 2 minutes) determined. Fetal anemia 
is confirmed by a mean corpuscular volume (MCV) > 110 um’, 
If the hematocrit is below the fifth percentile (0.84 MoM) for 
gestational age, blood is transfused ina sterile fashion. A computer 
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program is used to estimate the amount of blood to transfuse 
based on the initial fetal hematocrit, the EFW, and the 
concentration of the blood transfused (52,53). A final fetal blood 
sample is taken a few seconds after the transfusion has been 
completed. If the fetus is hydropic, it is better to perform another 
transfusion 3 to 5 days later to increase the hematocrit to the 
median value for the gestational age. At 24 weeks of gestation or 
later, the fetal heart rate should be monitored for 2 to 3 hours after 
the transfusion until fetal movements resume. The risk of fetal 
death is 1% to 2% per procedure, even with ultrasound guidance, 
expert operators, and accurate management (54). 

Hematocrit decreases about 1% per day post-transfusion in 
the anemic alloimmunized fetus, and this knowledge helps to 
assess when to repeat the transfusion. If the fetus is non- 
hydropic, the second transfusion is often necessary 14 days after 
the first. After the third transfusion, longer intervals, such as 
3 weeks, may be possible, as the fetal RBCs are replaced by 
donated RBCs. Following three transfusions, 99% of the fetal 
blood is replaced with the adult transfused blood. The value of a 
maternal dose of 30mg of phenobarbital three times per day for 
7 to 10 days to enhance fetal liver maturity and the ability to 
conjugate bilirubin has yet to be confirmed by large studies (55). 


NEONATOLOGY MANAGEMENT 

Neonatology management of an infant with hemolytic disease 
of the newborn focuses on monitoring the level of anemia and 
hyperbilirubinemia. Symptoms of anemia, such as tachycardia, 
usually warrant RBC transfusions. In severe cases, exchange 
transfusions may be necessary to remove the maternal 
antibodies from the circulation of the infant. Hyperbilirubine- 
mia clinically presents as jaundice. Bilirubin levels are 
monitored and controlled with phototherapy and IV hydration. 
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PATHOGENESIS 

Alloimmune thrombocytopenia (AIT) is a syndrome that 
develops as a result of maternal sensitization to fetal platelet 
antigens. These women who themselves lack the specific 
antigen produce immunoglobulin G (IgG) antibodies directed 
against the platelet antigen that the fetuses inherits from their 
father. The antibodies are then transported across the placenta 
to the fetal circulation where they result in the destruction of 
the fetal platelets. Thus, the pathogenesis of AIT is analogous to 
that of hemolytic (Rh) disease of the newborn. However, unlike 
Rh disease, prior sensitization to the platelet antigen is not 
necessary since approximately half of the clinically evident cases 
of AIT occur in the first pregnancies. This suggests that either 
the fetal platelets gain access to the maternal circulation more 
easily than red blood cells, and/or the platelet antigens are 
highly provocative and therefore stimulate production of IgG 
antibodies during the first pregnancy (1). In a family with a 
previously affected infant, the rate of recurrence with an 
antigen-positive fetus is estimated to be at least 90% (2,3). The 
recurrence risk of neonatal intracranial hemorrhage (ICH) in a 
subsequent pregnancy after having a child with ICH due to AIT 
is about 77% (4). Additionally, it has been a uniform finding 
that the severity of thrombocytopenia in subsequent infants is 
either the same or worse than that of the first affected child. 


PLATELET SEROLOGY 

Platelets possess specific alloantigens that are expressed on the 
surface membrane glycoproteins. There are five major platelet 
alloantigen systems, all with biallelic polymorphism and 
inherited as codominant traits (5). The difference in alleles 
results from a single base substitution in the glycoprotein 
deoxyribonucleic acid (DNA) sequence, which ultimately 
results in a protein recognized as different from its allele (6). 
The most common antigen associated with AIT is HPA-1A, 
accounting for approximately 80% of reported cases (7). Other 
platelet antigen systems involved in AIT are shown in Table 1. 
The frequency of phenotypes and genotypes for each antigen 
differs in different ethnic groups. 


INCIDENCE/GENETIC ASPECTS OF MATERNAL 
IMMUNE RESPONSE 

Based on prospective analysis, the incidence of AIT 
is estimated to be between 1 per 1000 and 1 per 2000 
births (7-9). The expected incidence in Caucasians based on 
the 98% frequency of the HPA-A1 allele is 1 to 2 per 100 
births. This discrepancy between expected and observed 
incidence suggests that additional factors contribute to the 
maternal immune response. The risk of sensitization in HPA- 
Al negative women is correlated with the presence of specific 
maternal human leukocyte antigen (HLA)-associated immune 
response genes, namely HLA-DR3, and more specifically 


HLA-DRW52 (10). The immune response markers are 
contributory, but not sufficient for the development of 
alloimmunization, as not all HPA-Al negative women with 
an HLA-DRW52 haplotype will deliver thrombocytopenic 
infants (11). The role of immune responsiveness for other 
platelet antigens has not yet been established. 


CLINICAL PRESENTATION 

In typical cases of AIT, the mother is healthy (without 
thrombocytopenia) and her pregnancy, labor, and delivery are 
uncomplicated. The neonates who are otherwise normal 
present with symptomatic thrombocytopenia within several 
hours of birth. Affected infants often develop a generalized 
distribution of petechiae, as well as ecchymoses over the 
presenting fetal part. Visceral bleeding and bleeding during 
circumcision or venipuncture may be present. Of greatest 
consequence is the risk of ICH, occurring in up to 30% of 
cases (3) and responsible for the 6.5% mortality rate (12) and 
the significant long-term neurologic sequelae, including 
hydrocephaly and porencephaly. Laboratory data are remark- 
able for an isolated and often severe thrombocytopenia, with 
normal or increased numbers of megakaryocytes found on 
bone marrow aspirate. The hematocrit may be decreased if 
significant bleeding has occurred. A definitive diagnosis can be 
made by phenotyping parental platelets and demonstrating 
antiplatelet antibodies in the maternal serum, which are 
specific for the antigen incompatibility identified. 

Neonatal AIT is usually a self-limiting disorder, often 
resolving over the course of several weeks, as maternal 
antiplatelet antibodies disappear from the neonatal circulation. 
The most serious and feared complication is ICH, and until 
recently it had been believed that the greatest risk of ICH was at 
the time of labor and delivery. Hence, obstetric management 
had focused on the peripartum period and elective cesarean 
section at term was advocated (13,14). In the neonatal period, 
the goal was to replenish the neonate’s circulating platelets in 
order to prevent complications secondary to bleeding. These 
infants should receive compatible antigen-negative platelets 
from either the mother or compatible donors (15). If the 
mother’s platelets are used, they must be carefully washed in 
order to avoid introducing additional antiplatelet antibodies 
into the neonatal circulation. High-dose intravenous immu- 
noglobulin therapy (1—2g/kg over 1-5 days) may provide an 
additional or alternative therapy (16,17) especially when 
matched platelets are unavailable. 


EVIDENCE OF ANTENATAL ICH 

These approaches, however, have no impact on fetal bleeding 
in utero prior to the onset of labor. In 1979, Zalneratis et al. 
reported two cases of AIT in which there was good evidence 
that ICH had occurred in utero (18). Both infants had enlarged 
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Table 1 Platelet-Specific Alloantigen Systems Involved in 
Alloimmune Thrombocytopenia 


Nomenclature Platelet glycoprotein (GP) Alleles 
New Old 

HPA-1 PL, Zw GP Illa HPA-1a, 1b 
HPA-2 Ko GP Ib HPA-2a, 2b 
HPA-3 Bak GP IIb HPA-3a, 3b 
HPA-4 Pen, Yuk GP Illa HPA-4a, 4b 
HPA-5 Br GP la HPA-5a, 5b 


heads (>97%) at birth. The first had bifrontal and left 
posterior fossa cysts with obstructive hydrocephalus, and the 
second had a large right parieto-occipital hematoma followed 
by the development of hydrocephaly and a porencephalic cyst 
in the same location. Examination of the cyst contents 
obtained at the time of shunt placement revealed fluid filled 
with hemosiderin-laden macrophages in the first case and 
liquefied, “rusty” fluid in the second. The pathologic findings 
placed the time of bleeding at several months, and 1 to 2 weeks 
prior to delivery in these two cases, respectively. 

Stronger confirmation that AIT could be responsible for 
cerebral hemorrhage in utero was presented in a series of cases 
where the diagnosis of porencephaly was made with ultra- 
sound examination in the third trimester in fetuses suspected, 
and later confirmed, to have this disorder (19). 

It is now known that up to 80.5% of ICHs secondary to AIT 
occur in utero (20). Fetal platelet antigens may be expressed as 
early as 13 weeks of gestation and ICH may be present by 
16 weeks of gestation (21). Hence, in order to be maximally 
effective, the treatment of AIT must begin in utero. 


ANTENATAL MANAGEMENT 

Since routine screening for fetomaternal platelet incompat- 
ibility is not performed, identifying those fetuses at risk for 
AIT almost always consists of obtaining the history of a 
previously affected sibling or other positive family history. 
The risk to future pregnancies depends on the zygosity of the 
fetus’s father. When the father is a heterozygote for the 
alloantigen, each fetus has a 50% chance of inheriting 
the antigen. In these cases, DNA-based testing of fetal 
amniocytes or chorionic villi has enabled typing of fetal 
platelet antigens (6,10). Those fetuses who are antigen negative 
can be managed routinely, while those possessing the antigen 
are managed aggressively. 

The optimal antenatal management of AIT is still debated 
in the literature. One approach consists of serial fetal 
platelet transfusions with antigen-negative platelets (22,23). 
Evaluation of the fetal platelet counts before and after these 
procedures reveals that platelet transfusions are effective. 
However, the platelet count remains normal for less than 10 
days, and hence platelet transfusions must be administered 
weekly. This approach subjects the pregnancy to the risk of 
fetal loss due to repetitive invasive procedures, which is 
especially significant since fetuses with AIT are at increased 
risk for fetal exsanguination associated with cordocentesis (24). 
The estimated risk for fetal loss from fetal transfusion of 
platelets through cordocentesis is about 6% and depends on the 
operator’s experiences (25). A less invasive alternative involves 
the use of maternally administered intravenous gamma 
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globulin (IVIG). In the pilot study of 18 patients (26), IVIG 
with and without steroid therapy was found to significantly 
increase the fetal platelet count and decrease the risk of ICH. 
No cases of ICH occurred in that series, in contrast to 10/21 
(48%) in untreated siblings. 

A large randomized trial was designed to determine whether 
the addition of daily low-dose steroid therapy (1.5-mg 
dexamethasone) to IVIG (1 gm/kg/week) was more efficacious 
than IVIG alone in preventing severe thrombocytopenia and 
ICH in the antenatal management of AIT (3). Of the 54 women 
treated, the majority responded to therapy with success rates 
between 62% and 85%, depending on the definition of 
response. The addition of low-dose dexamethasone was not 
found to increase the effectiveness of IVIG alone. In this series, 
there were no cases of ICH compared with 10 previously 
affected siblings, and there were no differences in response 
when steroids were used concomitantly. Ten initial non- 
responders were entered into the “salvage arm,” which 
consisted of 60mg of prednisone daily in addition to IVIG. 
Half of these patients responded with an increased platelet 
count. 

The largest prospective study of antenatal treatment of 
33 pregnant patients (37 fetuses) who had AIT and previous 
siblings with ICH demonstrated good neonatal outcomes with 
stratifying patients according to the timing of the previous 
child’s ICH (4). The patients were classified as extremely high 
risk (EHR), very high risk (VHR), and high risk (HR) if ICH in 
the previous child occurred in the second trimester (less than 
28 weeks of gestation), the third trimester (28-36 weeks of 
gestation), or during the perinatal period, respectively. The 
patients received primary treatment with intravenous im- 
munoglobulin (IVIG) and salvage therapy with prednisone 
and/or more intravenous immunoglobulin. Only 5 of 37 
fetuses developed ICH: (i) two had platelet counts greater than 
100,000/UL, (ii) one had grade I ICH, and (iii) two had grade 
II-IV ICH and were demised. The investigators recom- 
mended the following guidelines in treating patients with AIT 
and ICH in a previous child. First, the treatment should be 
started no later than 12 weeks of gestation. Second, fetal blood 
sampling should be delayed until 32 weeks of gestation to 
minimize the complications from the procedure. Third, the 
fetal platelet counts obtained from the fetal blood sampling 
would dictate the need for additional salvage therapy 
(prednisone or additional IVIG) or delivery. The therapeutic 
regimen includes (i) intravenous IgG (IVIG) 2g/kg/wk for the 
EHR group or 1 g/kg/wk for the VHR and HR groups starting 
at 12 weeks of gestation plus (ii) prednisone 1mg/kg/day 
starting at 24 to 26 weeks of gestation for the EHR group or 
prednisone 1 mg/kg/day or additional IVIG 1g/kg/wk starting 
at 20 weeks of gestation for the VHR and HR groups (Table 2). 

While these findings are quite promising, there have been 
reports of unsuccessful response (i.e., ICH in utero) to antenatal 
IVIG therapy (4,27,28). This could be due to an inconsistent 
increase in fetal platelets to IVIG infusion despite of a significant 
increase in maternal and fetal IgG levels (29). The knowledge 
that (i) not all fetuses will respond to IVIG therapy and 
(ii) salvage therapy (high-dose prednisone, additional IVIG, or 
platelet transfusions) is available underscores the need to assess 
response to therapy with fetal blood sampling to obtain fetal 
platelet counts. Since fetuses with AIT are at increased risk for 
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Table 2 Treatment Based on Risk Stratification 


Variable Extremely high risk 

Definition Previous sibling: in utero ICH in second 
trimester 

Start 12 wk GA 


Initially IVIG 2g/kg/wk 
Add prednisone 1 mg/kg/day at 24-26 wk GA 
First FBS at 32 wk GA 
Additional salvage treatment and/or early 
delivery based on FBS results 
Regimen 
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Very high risk High risk 
Previous sibling: in utero ICH in third trimester Previous sibling: 
perinatal 
ICH 


12 wk GA 

Initially IVIG 1 g/kg/wk 

Add prednisone 1 mg/kg/day or second IVIG 1g/kg/wk at 20 wk GA 
First FBS at 32 wk GA 

Additional salvage treatment and/or early delivery based on FBS results 


If FBS unable to be performed or not performed for other reasons 
including patient and/or physician choice, salvage therapy could be 
empirically instituted 


Abbreviations: FBS, fetal blood sampling; GA, gestational age; ICH, intracranial hemorrhage; IVIG, intravenous immunoglobulin. Source: From Ref. 4. 


fatal bleeding at the time of cordocentesis (24,25), it seems 
prudent to have compatible platelets available and to transfuse if 
the platelet count is found to be <50,000/uL. 


CONCLUSIONS 

At present, the prospective diagnosis of a fetus affected with 
AIT relies almost exclusively on the history of a previously 
affected sibling or other positive family history. Since this 
disorder can potentially result in death or permanent 
neurologic sequelae as a result of ICH, the concept of routine 
screening of pregnant women to detect feto-maternal platelet 
incompatibility has been proposed. There are limitations to 
routine antenatal screening. All affected pregnancies may not 
demonstrate detectable anti-HPA-A1 antibodies and conver- 
sely the presence of anti-HPA-Al antibodies does not 
invariably predict fetal thrombocytopenia. In addition, not 
all fetuses with AIT will develop ICH. Fetuses at greatest risk 
include those with severe thrombocytopenia and those with a 
previously affected sibling with ICH. Antenatal therapy needs 
to be directed at this small group of fetuses at risk for ICH in 
utero. A recent systemic review of the literature and analysis 
suggested that screening pregnant women for AIT would be 
cost-effective with a saving of at least 9million euros per year 
in Netherlands (30). The analysis was based on i) the incidence 
of severe fetal AIT being about 40/100,000 pregnancies; ii) the 
incidence of severe ICH being about 4 children/100,000 
pregnancies; and iii) including the costs of initial HPA typing, 
antibody detection, maternal treatment, and care for the 
neurologically impaired children. 

The optimal antenatal management for AIT remains to be 
determined. Serial platelet transfusions are efficacious, but 
necessitate weekly invasive procedures with the additive risks 
of pregnancy loss. Medical management with maternally 
administered intravenous gamma globulin appears to be effec- 
tive in the majority of, but not all, cases. The mechanism(s) of 
action of IVIG in preventing severe thrombocytopenia is 
unknown but may reflect i) decreased maternal antibody 
production, ii) antibody Fc receptor blockade in the placenta, 
and/or iii) antibody Fc receptor blockade in the fetal reticu- 
loendothelial system. The mechanism by which IVIG prevents 
ICH in cases where it does not prevent severe thrombocytopenia 
has also not been elucidated. It is interesting to note that the 
HPA-A1 antigen is expressed on human endothelial cells as well 


as platelets. Hence, it has been proposed that HPA-A1 antibodies 
may damage these cells resulting in vascular injury (24) and 
predisposition to intracranial bleeding. IVIG may interfere with 
this endothelial cell—antiplatelet antibody interaction. Lastly, 
therapy should be initiated as early as 12 weeks of gestation given 
the fact that severe thrombocytopenia has been documented as 
early as 13 weeks of gestation. 
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Fetal rhythm abnormalities occur in 2% of pregnancies. They 
are usually identified by the obstetrician or midwifes after 
20 weeks. 

In avian embryos, a pacemaker is first established in the 
inflow tract at the straight heart tube stage. When the 
embryonic heart first begins to contract, it has no specialized 
conduction system. It is thought that the cardiac conduction 
system is derived from independent parent cells linked together 
to establish the integrated conduction system of the heart. 
Terminal differentiation of conduction tissue occurs late in 
development (1,2). By 6 weeks postconception, atrioventricular 
(AV) synchrony can be demonstrated using standard Doppler 
techniques. The heart rate is 150 bpm by 14 weeks; by 20 weeks 
it is 140 bpm with a gradual decrease to 130 bpm by term (3). 

There are different methods used to assess fetal arrhythmias: 
scalp electrodes attached to electrocardiographic recordings, 
fetal magnetocardiography (FMCG), fetal electrocardio- 
graphic recordings from the maternal abdomen, and fetal 
echocardiography (M-mode, pulsed Doppler, tissue Doppler). 

The usefulness of the invasive method, scalp electrodes 
attached to electrocardiographic recordings, is limited because 
it is possible to use only at ruptured membranes. An FMCG 
provides a noninvasive means of analyzing complex tachyar- 
rhythmia in utero, with efficacy approaching that of postnatal 
electrocardiographic rhythm monitoring (4-6). The disadvan- 
tage of FMCG is that it is expensive. 

The fetal electrocardiographic recordings from the maternal 
abdomen are not performed routinely because of the limited 
quality of the surface fetal electrocardiographic signal. With 
newer equipment it was found that electrical PR interval was 
better than mechanical PR interval at differentiating between 
normal and prolonged PR in the fetus, and the reproduci- 
bility of the PR interval using noninvasive fetal electrocardio- 
graphy was significantly better than that of the Doppler 
methods (7-9). 

In the fetal heart, electrical activity can be inferred from the 
timing of the mechanical events. With M-mode method, the 
simultaneous recording of the movement of the right atrial 
wall or the opening and closing of the AV valves and of the 
ventricular wall or the opening and closing of the aortic valves 
make it possible to determine the relationship of the atrial and 
ventricular electric activity. The fetal M-mode echocardiogram 
has its limitations: inaccurate measurement of the fetal AV 
conduction time, the loss of clear markers of atrial and 
ventricular contractions in hydropic fetuses with hypocon- 
tractile myocardium, and the poor picture resolution related to 
factors such as maternal obesity, fetal position, or polyhy- 
dramnios. 

The Doppler method was found to be superior compared 
with the M-mode approach when measuring fetal AV time 
intervals. There are different places where it is possible to 


measure mechanical PR interval. The MV-Ao Doppler method 
is recorded in five-chamber view with the septum in a vertical 
position, velocities generated by both inflow of blood through 
the mitral valve (MV) during diastole and by the outflow 
through the left ventricular outlet (Ao) during systole. The PR 
interval is measured from the intersection of the mitral E and 
A waves to the beginning of the ventricular ejection wave 
(Fig. 1). With simultaneous recording of superior vena cava 
(SVC) and ascending aorta (AA) flow velocity waveforms 
(Fig. 2), pulsed-Doppler sample volume is adjusted to 
encompass both vessels. The AV time interval is measured 
from the beginning of the retrograde venous A wave to the 
beginning of the aortic ejection wave (9-13). A PR interval of 
>150 msec on Doppler, FMCG, or postnatal ECG has been 
determined to be prolonged. PR intervals can vary in the fetus 
as they do in neonates or that at birth; changes in AV 
conduction or autonomic nervous system activity alter the PR 
interval. In cases with AV time prolongation, the SVC-Ao 
method seemed superior. Higher heart rates have been 
demonstrated to result in increasing fusion of the E and A 
waves in the mitral valve, overlapping the beginning of the 
A wave and leading to an artifactual shortening of the AV time 
interval. As the PR interval gets longer with no associated 
decrease in heart rate, the A wave will have an earlier start in 
relation to the E wave, in turn causing increasing overlapping 
of the E wave and an artifactual shortening of the A wave (14). 

The newer technique of tissue-velocity Doppler imaging 
may be helpful when evaluating the fetus with borderline 
findings and negative maternal anti-Ro/anti-La antibodies (15). 
With tissue Doppler method, the best correlation was found 
between postnatal PR time and prenatal PR time with 
measurement of right ventricular Aa-IV (atrial contraction— 
isovolumetric contraction) interval (16,17). 

The most common fetal rhythm anomaly is the irregular 
rhythm. The causes of irregular rhythm could be most often 
premature atrial contractions (PACs), premature ventricular 
contractions, or tachyarrhythmias with AV block. 

Extrasystoles are most often “PACs,” which are usually 
identified in third-trimester fetuses, and their frequency may 
be highly variable. They may be conducted (Fig. 3) or blocked 
(Fig. 4) at the AV node. These are usually benign, resolving just 
before or shortly after birth. The follow-up is necessary 
because some (1—3%) of the affected fetuses have intermittent 
runs of supraventricular tachycardia (SVT). PACs identified 
with cardiomegaly, evidence of ventricular systolic dysfunc- 
tion, AV valve regurgitation, and/or hydrops could be signs of 
a temporary SVT. Control of the foetal heart rate on each third 
day, weekly or biweekly obstetric ultrasound assessment is 
warranted until they have resolved or until delivery. 
About 2.5% of affected fetuses have associated structural heart 
defect—lesions associated with significant mitral or tricuspid 
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Figure 1 MV-Ao Doppler method to measure mechanical PR interval from the intersection of the mitral E and A waves to the beginning of the ventricular ejection 
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Figure 2 AA/SVC Doppler method. Abbreviations: A, A wave in the superior vena cava, retrograde wave from the right atrium; V, aortic flow; SVC, blood flow in 


the superior vena cava. mPR: 0.11 and mPR: 0.13. 


insufficiency, atrial dilatation, intracardiac tumors (Fig. 5), 
and aneurysm like dilation of the foramen ovale flap (Fig. 6). 
In such fetuses, the minor hemodynamic alterations that occur 
with the extrasystoles may not be tolerated. 

Premature ventricular contractions are rare (Fig. 7). They are 
usually benign. It is necessary to rule out myocardial disease or 
intracardiac tumors. Prenatal and postnatal follow-up is 
always indicated to confirm the nature of the ectopy and 
exclude intermittent runs. 


Tachycardia is defined as a fetal heart rate that exceeds 
180 bpm. The origin of the tachycardia could be ventricular or 
supraventricular. 

Ventricular tachycardia is rare during fetal life. With 
echocardiography, in the setting of fetal tachycardia, the 
findings of AV dissociation with a ventricular rate faster than 
the atrial rate suggest ventricular tachycardia (18). If there is 
1:1 retrograde conduction, it is impossible to distinguish 
between ventricular and supraventricular tachycardias. 
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Figure 3 Conducted premature atrial beat, Doppler method. Abbreviations: E, E wave; A, A wave; EA, fused E and A waves because of premature beat; V, aortic 


ejection wave. 
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Figure 4 Blocked premature atrial beat, Doppler method. Abbreviations: E, E wave; A, A wave; FA, fused E and A waves because of premature beat; V, aortic 


ejection wave. 


A rare presentation of fetal long QT syndrome is second- 
degree AV block and ventricular tachycardia leading to 
congestive heart failure. The best method to diagnose QTc 
prolongation and torsades de pointes is the FMCG. As a sign of 
torsades de points, the peak-to-peak intervals of AA flow during 
ventricular tachycardia are markedly irregular (14,18,19). 

The therapy of the fetal ventricular tachycardia is difficult. In 
cases where it is not possible to rule out the ventricular tachy- 
cardia, digoxin therapy is contraindicated; rather, amiodarone 


is the drug of the choice. If the diagnosis of the ventricular 
tachycardia is sure, the pregnancy is before 34th week, and 
there is a sign of the decompensation, then therapy with 
lidocaine is reasonable with strong maternal control. 

“SVT” is the most common cause of the fetal tachycardia. 
FMCG could help to clarify electrophysiologic patterns of 
initiation and termination of reentrant fetal SVT. Five distinct 
patterns of initiation and four patterns of termination were 
documented, with the most common patterns of initiation 
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Figure 6 Premature atrial beat caused by aneurysm-like flap of the foramen ovale (M-mode). Each fourth beat is a premature atrial contraction. Abbreviations: A, 
atrial contraction; FL, aneurysm-like flap of the foramen ovale; RA, right atrium; RV, right ventricle. 


involving reentrant PACs (Wolff—Parkinson—White syn- 
drome, QRS aberrancy, and multiple reentrant pathways). 
FMCG actocardiography revealed an unexpectedly strong 
association between fetal trunk movement and the initiation 
and termination of SVT, suggesting that autonomic influences 
play a key role (6). 

In everyday routine, it is the best to plan the management of 
the fetal tachyarrhythmia based on analysis of pulsed-Doppler 
recordings of fetal heart’s blood flow. It is a short V-A 
(ventriculo-atrial) tachycardia, when V-A period is shorter than 


A-V (atrioventricular) period (Fig. 8). Short V-A tachycardia 
with 1:1 AV conduction and with ventricular rates of 230 to 
280bpm suggests reentrant tachycardia, and digoxin is 
proposed as the first choice drug. Short V-A tachycardia 
with AV dissociation means that with high probability of 
junctional ectopic tachycardia, which is usually resistant to 
digoxin and sotalol, amiodarone could have success. The atrial 
ectopic tachycardia usually responds to sotalol. 

Long V-A tachycardias are seen in sinus tachycardia, in 
permanent junctional reciprocating tachycardia, or in 
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Figure 8 Long V-A tachycardia. The V-A interval is 150 msec, and the A-V interval is 90 msec. Abbreviations: EA, atrial inflow; AO, ventricular outflow; RA, 


right atrium; LA, left atrium; RV, right ventricle; LV, left ventricle. 


atrial ectopic tachycardia. The first-choice drug is sotalol. 
In intra-atrial reentrant tachycardia, the first-choice drug is 
digoxin (10,20). 

The sotalol was found to be useful in transplacental 
treatment of atrial flutter and SVT. The daily maternal sotalol 
dose is linearly related to the maternal plasma concentration. 
The mean fetal/maternal sotalol plasma concentration is 1.1 
(range 0.67-2.87, SD 0.63), and the mean amniotic fluid/fetal 
blood ratio of sotalol is 3.2 (range 1.28-5.8, SD 1.4). The 
effectiveness of sotalol therapy could not be extrapolated from 


maternal blood levels. A large difference in the sensitivity of 
sotalol was found. As proarrhythmia is known to be dose 
related, low initiation doses are preferable and dosage increases 
should be stepwise. Close monitoring, especially during the 
initiation phase, is recommended. In addition, maternal 
potassium levels and magnesium levels should be monitored 
regularly and supplemented if necessary. The maternal toxic 
level is 2.5mg/L at which marked QTc prolongation is noted. 
The F/M ratio of 1.1 shows that the fetus also stays below the 
“toxic” level (21). 
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SVT results in reduced diastolic filling time, which, when 
combined with the normal limitations of relaxation and 
reduced compliance of the fetal myocardium, leads to 
increasing atrial and central venous pressures in the evolution 
of placental edema and dysfunction, which leads to fetal 
hypoxemia. Treatment of the SVT is proposed for fetuses with 
the risk of signs of heart failure—incessant SVT and early 
onset of SVT (<32 weeks). Altered maternal gastric emptying 
and increased maternal renal clearance could necessitate the 
use of higher doses. It is important to control the mother, 
maternal heart rate, serial ECGs and telemetry, and monitor- 
ing drug concentration (22). The mortality of SVT was found 
to be 8% to 10% (23). 

In tachycardia with a fast conducting reentrant pathway, 
atrial contractions occur during ventricular ejection, thus 
against closed AV valves. Tall reverse “A” waves are present in 
the venous system of fetuses with reentrant SVT. This type of 
arrhythmia could induce backward venous congestion and 
hydrops, even in the absence of myocardial failure. The dura- 
tion of the process also plays a significant role in the deve- 
lopment of hydrops fetalis (24). Hydropic patients have higher 
ventricular rates (median: 240 bpm, range 240-300 bpm) than 
non-hydropic fetuses (220 bpm, range 200-310), and the atrial 
rates are not significantly different. In cases with fetal SVT and 
hydrops fetalis, flecainide could control the fetal arrhythmia. 
The therapeutic range is 200 to 700 ug/L. Strong maternal ECG 
and flecainide concentrations need to be checked out to term to 
avoid potential maternal and fetal toxicity. There is no evidence 
that flecainide is concentrated in the fetus (25). Another 
possibility of drug treatment for hydropic fetuses is digoxin and 
verapamil (26). In the absence of effective therapy, the mortality 
of the hydropic fetuses with supraventricular tachycardia 
approaches 50%, and with treatment, the mortality is 10%. It 
is recommended the maternal hyperglycemic state in the acute 
resuscitation of the hydropic fetus with SVT, which in 
providing metabolic support for the fetal myocardium, may 
ultimately be used coincident with initiation of antiarrhythmic 
treatment. 

Fetal atrial flutter is usually identified late in gestation and is 
associated with atrial rates ranging from 300 to 550 bpm with 
variable AV conduction and ventricular rates. The atrial rate is 
confirmed through M-mode or systemic venous Doppler 
demonstration of the atrial wave rates. 

Action potential prolongation in the absence of conduction 
slowing seems more effective in the termination of atrial flutter 
than depression of the excitability. Sotalol (class III drug) 
seemed to be more efficacious than other drugs in fetal atrial 
flutter. The proposed protocol in atrial flutter is as follows: 
80mg of sotalol twice daily, increased stepwise with 80mg per 
3 days to a maximum of 160mg three times daily. Sotalol has 
excellent transplacental passage. Monitoring of the maternal 
QT interval is essential in excluding maternal proarrhythmia. 
Amiodarone (class III drug) has many side effects and does not 
cross the placenta as readily as does sotalol. The treatment with 
sotalol as the first drug of choice is more reasonable because 
transplacental passage is slower for digoxin, relapse into atrial 
flutter occurs more often at birth, and subjective maternal 
complaints are prominent with sotalol (27). 

Long-standing and/or fluctuating cerebral perfusion as a 
result of intrauterine atrial flutter is responsible for the 
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disturbance of the maintenance of adequate cerebral perfu- 
sion. It is exposing the brain to ischemia with increased risk of 
intracranial hemorrhage. It is opted to treat all fetuses with 
atrial flutter at time of presentation, unless immediate delivery 
is possible. The stress of the delivery and release of 
catecholamines may have an influence on retriggering the 
onset of atrial flutter, such seen in SVT. The early morbidity of 
atrial flutter is significant, but the long-term prognosis is 
excellent (28). The risk of neurologic morbidity must be taken 
into consideration. There are some case reports on probable 
inherited etiology of fetal atrial flutter (29,30). 


IF THE FETAL HEART RATE IS BELOW 120/MIN, IT IS 
BRADYCARDIA INDEPENDENTLY FROM THE 
GESTATIONAL AGE 
Persistent fetal sinus bradycardia is a rare condition and has 
been reported with central nervous system abnormalities, 
maternal treatment with beta blockers, excessive vagal tone, 
hydrops, neonatal long QT syndrome, and intrauterine growth 
retardation or as an atypical manifestation of congenital 
parvovirus B19 infection (31). Sinus bradycardia has also been 
associated with complex heart defects in which absence or 
hypoplasia of the sinus node is a typical finding (32). Sinus 
bradycardia has been reported recently as a possible sign of 
maternal anti-SSA/Ro antibodies. There are findings that in 
fetuses or newborns who died of congenital atrioventricular 
block (CAVB), the sinoatrial nodes were hypoplastic and, in 
some of these cases, surrounded by extensive fibrosis (33). 
Prenatal sinus bradycardia or recognition of second-degree 
AV block may lead to early detection and treatment of long QT 
syndrome. QTc prolongation was found to be more common 
in utero than postnatally, but it does not necessarily imply that 
fetal QTc prolongation is a benign condition. Several studies of 
newborns have suggested that QT prolongation and the 
concomitant increased risk of ventricular tachyarrhythmias 
may account for the significant mortality. QT prolongation 
was the highest in the fetuses with the poorest outcome and 
was often accompanied by T-wave alternant. Common genetic 
polymorphisms have been shown to alter the QT interval, and 
prenatal molecular genetic testing for long QT syndrome has 
been demonstrated. The recently reported environment- 
genetic interactions could result in arrhythmias or sudden 
infant death syndrome (4). Few cases of fetal ventricular 
tachycardia due to congenital long QT have been reported in 
the literature. Some cases presented fetal ventricular tachy- 
cardia with both bradycardia and AV block (14,18,19). 
“CAVB” occurred in 2.6% of a large population of fetuses 
evaluated for an irregular rhythm. Congenital heart defects, like 
L transposition (Fig. 9), left isomerism (Fig. 10), cause the AV 
block at about 50% of cases. If there is no cardiac 
malformation, the fetal CAVB is the consequence of transpla- 
cental passage of maternal autoantibodies (Figs. 11 and 12). 
CAVB and the neonatal lupus are the model of passively 
acquired autoimmunity (33). The mean histologic lesion in the 
heart is fibrosis of the conducting tissue and, in some cases, the 
surrounding myocardium. The mechanism by which maternal 
anti-SSA/Ro-SSB/La antibodies initiate and perpetuate inflam- 
mation and eventuate in scarring of the AV node is not yet 
defined. In vitro and in vivo studies suggest that one pathologic 
cascade leading to scarring may be initiated via apoptosis, 
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Figure 9 Horizontal cross section of the chest, with univentricular heart, dextrocardia, common atrium, interruption of the inferior caval vein. Abbreviations: 


Ventr, ventricle; ATR, atrium; AO, aorta; VA, azygos continuation. 
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Figure 10 Horizontal cross section of the chest, with L transposition. The anatomical right ventricle (RV) is visible on the left side, below the left atrium (LA); the 
left ventricle (LV) on the right side, below the right atrium (RA). Abbreviations: SP, spine; R, right; L, left. 


resulting in the translocation of SSA/Ro-SSB/La antigens and 
subsequent surface binding by maternal autoantibodies. In 
CAVB, the maternal anti-SSA/Ro-SSB/La antibodies result in 
opsonization and inflammatory/fibrotic squeal. These opso- 
nized cardiocytes are phagocytosed by macrophages, which 
secrete factors those transdifferentiate fibroblasts into myofi- 
broblasts, a scarring phenotype (34). 

The development of CAVB is a two-stage process. In the 
first step, the maternal autoantibodies are transferred through 


the placenta and bind structures in the developing fetal heart, 
leading to first-degree AV block. This state is spontaneously 
reversible with further maturation of the fetus. If the second 
phase is entered, a progression to complete heart block 
commences. Factors involved in this second phase may be 
mainly fetal and related to the immunogenetic profile of the 
individual. A predisposition to an intense inflammatory 
reaction to the antibody deposition might lead to the reaction 
to the subsequent mononuclear cell infiltration and fibrosis, 
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Figure 11 Complete atrioventricular dissociation. Abbreviations: EA, ventricular inflow wave; AO, ventricular ejection wave; RA, right atrium; LA, left atrium; 


RV, right ventricle; LV, left ventricle; SP, spine. 
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Figure 12 Cardiomegaly and focal myocardial fibrosis in a fetus with congenital atrioventricular block because of maternal autoantibodies. Abbreviations: RA, 
right atrium; LA, left atrium; RV, right ventricle; LV, left ventricle; < signs, fibrotic foci. 


with a permanent injury as the outcome. The high prevalence 
of fetal first-degree AV block with normal postnatal PR 
intervals in a group of fetuses with maternal anti-Ro/La 
antibodies has been proposed due to a transient biologic 
response to the transplacental transfer of Ro/La antibodies (3). 

If second-degree AV block is present, transplacental steroid 
treatment theoretically may limit progression. Prophylactic 
steroid therapy in the fetus without documented AV 
conduction disease is not warranted due to maternal and fetal 
side effects. After a high-dose steroid therapy for fetal heart 


block, several maternal complications could be found includ- 
ing diabetes, hypertension, infections, bone density loss, and 
cataract. Fetal risks are oligohydramnios and growth restric- 
tion, including the head and possibly central nervous system 
injury without clear evidence of benefit to fetal cardiac 
conduction (7). 

Early detection of incomplete AV block successfully 
identifies a group at highest risk developing permanent AV 
block. Treating this group may incur greater benefit than risk. 
The anti-inflammatory effects of dexamethasone might have 
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interrupted ongoing damage to the conduction system 
secondary to maternal autoantibodies. 

The findings of a PR interval of >150 msec at any gestational 
age should prompt a search for maternal anti-Ro/anti-La 
antibodies and close follow-up for other complex arrhyth- 
mias (11,12,15). The Doppler mechanical PR interval does not 
distinguish between electrical PR interval prolongation due to 
AV conduction delay and abnormalities of interatrial conduc- 
tion. These limitations in Doppler mechanical PR interval 
measurements can be overcome if FMCG is available. The 
newer technique of tissue-velocity Doppler imaging may be 
helpful when evaluating the fetus with borderline findings and 
negative maternal anti-Ro/anti-La antibodies. May be that PR 
prolongation represents a variant of a normal, and only in 
retrospect does it have clinical significance if it is either 
sustained after birth or progresses to more advanced block. 
The prolongation of the fetal Doppler mechanical PR interval 
is not a definitive tool to detect early signs of anti-SSA/ 
Ro-associated CAVB (34,35). 

The risk of the third-degree heart block in pregnancies of 
mothers with a previous child with congenital heart block is 
19% and in pregnancies in mothers without previous child 
with congenital heart block or rash is 4%, suggesting that there 
must be additional maternal and/or fetal factors that influence 
disease development and manifestation. The maternal factors 
may be related to the antibody profile. The fetal factor could be 
viral infection or genetic predisposition (36). 

Advanced block and cardiomyopathy can occur within 
1 week of normal echocardiogram without initial first-degree 
block. This more extensive injury can occur in utero or 
postnatally, even as late as 9 years of age (35). 

In a large study on infants whose mothers had anti-Ro 
antibodies, the prevalence of hydrocephalus was 8%, which is 
significantly higher than the prevalence in the general 
population of 0.048% to 0.081%. It seems to be possible that 
hydrocephalus and macrocephaly are manifestations of 
neonatal lupus syndrome and infants born to mothers with 
anti-Ro antibodies should be carefully monitored for hydro- 
cephalus as part of their routine physical examination (37). 

In patients with fetal hydrops, cholestasis and severe and 
irreversible liver failure could be observed. Histologically, 
extensive collapse of the stroma and the absence of hepatocytes 
(foie vide) were observed. Cholestasis has been described 
in patients with neonatal lupus erythematosus without AV 
block (25). 

When CAVB is associated with endocardial fibroelastosis 
(EFE), there is a very high mortality rate. The etiology of EFE 
remains unclear, but it may be a result of an autoimmune 
process. In fetuses or infants born from mothers positive for 
anti-Ro/La antibodies, EFE and cardiomyopathy with clinically 
normal conduction systems could conceive. The EFE and 
CAVB are two separate disease manifestations of neonatal 
lupus. In the histologic examinations, an active fetal B-cell 
response was found in addition to the passive deposition of 
transplacentally passed maternal immunoglobulin. The initial 
myocardial damage in utero is likely secondary to the passive 
deposition of maternal anti-Ro and anti-La antibodies, and the 
progression of EFE may be the result of an ongoing fetal and 
postnatal autoimmune reaction. The EFE accounted for over 
80% of the deaths in these patients. Some cases may go 
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undiagnosed where there is a fetal demise. Fetal echocardio- 
graphic assessment is very subjective and often identifies only 
the most severe degree of EFE. Idiopathic dilated cardio- 
myopathy represents unrecognized maternal autoantibody- 
induced EFE. 

There are studies on infants with CAVB who developed 
late-onset dilated congestive cardiomyopathy despite early and 
adequate institution of cardiac pacing. At the time of clinical 
presentation, many infants have symptoms or signs of an 
upper respiratory tract infection, otitis media, or gastrointest- 
inal infection. Myocardial biopsy or histologic examination of 
the explained heart revealed the following: myocyte hyper- 
trophy, interstitial fibrosis, and myocyte degradation in two 
subjects. An active inflammatory infiltrate was not detected. 
An upper respiratory/gastrointestinal infection might have 
reactivated a previously dormant inflammatory process. The 
increased rate that followed pacemaker implantation may 
have provoked a form of tachycardia-induced cardio- 
myopathy (38). The mortality rate is as high as 25%, and 
many patients require cardiac transplantation. 


THERAPY OF THE CAVB 

Although the prenatal use of corticosteroids, plasmapheresis, 
sympathomimetics, and either prenatal pacing or early 
delivery with postnatal pacing has been proposed, the true 
efficacy of therapy of the CAVB is not clear. 

Current approach to affected pregnancies is to initiate 
dexamethasone therapy at diagnosis of fetal AV block (4mg/ 
day) and to add maternal sympathomimetics for ventricular 
rates of <55beats/min. Weekly—biweekly fetal echocardio- 
grams are used to follow the progress, and an elective delivery 
by caesarean section at 36 to 37 weeks is planned. If there are 
signs of fetal compromise, an earlier delivery with aggressive 
postnatal management is proposed, including early pacemaker 
placement. When there is oligohydramnios, maternal dex- 
amethasone is tapered off; however, persistence of reduced 
amniotic fluid may prompt earlier delivery (39). (Prednisone 
and prednisolone are inactivated by placenta hydroxylases and 
only less than 10% of the mother blood level can reach fetus; 
dexamethasone and betamethasone cannot be inactivated.) 
Some data suggest that prolonged fetal exposure to dex- 
amethasone may impair cerebral development, but there are 
reports on children treated with dexamethasone prenatally 
(cumulative dosage 20-260mg), who were tested postnatally 
with different scales according to their age and they were 
found with normal intelligence quotient (40). 

Intravenous immunoglobulin (IVIG) is efficient in various 
immune-mediated conditions. It seems conceivable to employ 
IVIG in cases of CAVB or neonatal lupus, either administered 
to the mother or directly through cordocentesis in the 
treatment of the fetus and neonate with reduced myocardial 
function suggesting more diffuse disease (41). 


PROGNOSIS AND FOLLOW-UP 

In an isolated AV block, diagnosed in utero, in neonatal age 
and in children, anti-Ro and/or anti-La are present in 95% of 
fetal, 90% of neonatal, but only 5% of children’s mothers 
tested. Patients with CAVB having fetal, neonatal, and 
childhood diagnosis have a mortality of 43%, 6%, and 0%, 
respectively, in the first two decades of life. Increased mortality 
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is associated with a fetal diagnosis of CAVB, fetal hydrops 
(100%), EFE (100%), and delivery at or before 32 weeks of 
gestation. Timing of pacemaker implantation differ signifi- 
cantly among fetuses versus neonates and neonates versus 
children cases. At 20 years of age, only 11% and 12% of CAVB 
patients with neonatal or children diagnosis, respectively, are 
not paced. CAVB detected in utero represents a more severe 
spectrum of the disease than encountered postnatally (39). 

The mortality decreased from 45% to 15% with close 
surveillance, use of maternally administered corticosteroids, 
delivery at 35 to 37 weeks or earlier with any evidence of fetal 
distress or cardiovascular compromise, neonatal cardiac 
intensive care management, and early permanent pacemaker 
therapy. Among fetuses with AV block only, the survival rate is 
82%, with a heart defect; the prognosis is poor, and 50% of the 
patients survive. Sinus bradycardia is associated with survival 
rates of 75% (33,42). 

All fetal arrhythmias are associated with a moderately high 
risk for fetal distress. In cases of compromise, fetal and 
neonatal prognosis is poor and is an indication for perinatal 
medication. The risk of neurologic morbidity must be taken 
into consideration. 
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INTRODUCTION 

Low birth weight is an important predictor of neonatal 
morbidity and mortality. This condition can be the result of 
either preterm delivery or fetal growth restriction (FGR). 
Fetuses whose growth has been restricted have an increased 
incidence of perinatal morbidity and mortality (1). Heinonen 
et al. have studied the first-year survival of preterm infants 
born at 26 to 32 weeks of gestation and concluded that FGR 
was associated with a threefold increase in neonatal mortal- 
ity (2). Comparing with infants with normal growth, FGR is 
associated with a higher incidence of low Apgar scores, 
perinatal asphyxia, hypothermia, polycythemia, hypocalcemia, 
pulmonary hemorrhage, and impaired immune function (3). 


DEFINITION AND CLASSIFICATION OF FGR 

Fetal growth rates are determined by comparing the size of the 
infant at birth with an expected norm for a given gestational 
age. Birth weight is the most accessible and reliable measure of 
the newborn and is, therefore, widely used for this purpose. 

Fetal size and fetal growth are often confused in clinical 
practice. FGR denotes a pathologic process. By contrast, small- 
for-gestational age (SGA) identifies the infant whose birth 
weight is below an arbitrary percentile for gestational age. The 
10th percentile is often used for this purpose; however, birth 
weights below the 25th, 15th, and 5th percentile or two 
standard deviations (SDs) below the mean have also been used 
in the past. Using birth weight criteria as the gold standard for 
fetal growth presents a few problems. First, the diagnosis of 
growth restriction is based on a single observation (birth 
weight) made at an end point (gestational age at delivery). 
Fetal growth, however, cannot be estimated from less than two 
measurements separated by a “reasonable” interval. 

Second, not every infant whose birth weight is below the 
10th percentile for gestational age is small because of a 
pathologic growth-restrictive process. The constitutionally 
small infant is indeed small but shows appropriate growth and 
has no other complications. The converse is also a problem. 
A dysmature, postdate infant may be subjected to severe 
growth restriction, yet its birth weight is often above the 10th 
percentile for gestational age. Thus, a long and very thin infant 
may be misclassified as appropriately grown. Third, estimation 
of gestational age presents recurrent problems. An infant may 
be assigned different gestational ages depending on the specific 
method used to establish this age (i.e., last menstrual period, 
early clinical examination, early ultrasound examination, or 
neonatal assessment). 

Several “commonly used” norms for birth weight as a 
function of gestational age have been described (4). Differences 
between these norms are due to different geographic origin 
(differences in altitude are of primary importance), race, 
ethnicity, parity, and neonatal sex. The mean birth weight at 


40 weeks of gestation reported by Lubchenco and 
coworkers (5) at Denver (high altitude) was 120g smaller than 
that reported by Brenner and coworkers (6), who studied an 
east coast (sea-level), racially mixed population (Table 1). 

Despite all of these concerns, and probably due to a lack of a 
more dynamic definition, FGR is often defined as birth weight 
below the 10th percentile for gestational age. By definition, the 
incidence of this condition is 10%. Variations of this 
proportion are caused by using the wrong norm for the 
population under study. 

Identification of FGR by the population norm as described 
above has inherent difficulty. The “normal” values for preterm 
infants are determined by infants that were themselves born 
preterm, a condition that is itself associated with FGR. In order 
to improve the sensitivity and specificity of the diagnosis of 
FGR, new standards for defining normal growth have been 
established. Figueras and Gardosi have reported on optimal 
weight at term calculated by using maternal height, weight, 
parity, and ethnic origin (7). Pathologic factors (smoking, 
hypertension, diabetes, and preterm delivery) are excluded. 
These factors are used to establish an ideal weight at term that 
is extrapolated back to establish a customized growth curve for 
the pregnancy. This method has been demonstrated to be 
more predictive of actual birth weight in a normal pregnancy 
than previously established values (7). A proportion of patients 
identified as associated with FGR by population percentiles are 
reclassified as normal by customized growth curves. These 
fetuses have been shown to have no increased risk of adverse 
outcome. The use of the customized growth curve can thus 
prevent unnecessary interventions in these pregnancies. 
Similarly, some pregnancies that fall within the normal range 
of population-based norms are identified as associated with 
FGR and at risk by customized growth curves. These 
pregnancies have been shown to be at risk and can benefit 
from more intensive prenatal care (7). 

Growth and symmetry are affected by the nature and 
severity of the underlying growth-restrictive process as well as 
its timing and duration. In 1963, Gruenwald identified two 
distinct patterns of decreased growth—symmetric and asym- 
metric (8). Early-phase growth disturbance (typically first 
semester and early second trimester) often culminates in 
symmetric growth restriction. Since growth in this phase is 
primarily due to cell hyperplasia, restriction of growth results 
in a lower cell number. Thus, the newborn is symmetrically 
small (i.e., concomitant decrease in the size of the head, trunk, 
length, and all other body organs). This pattern is often seen in 
growth disturbance associated with chromosomal anomalies, 
congenital malformations, and transplacental infections. In 
the asymmetric type, the growth rate of the trunk is smaller 
than that of other organs. This is caused by relative depletion 
of the actively growing liver combined with decreased 
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subcutaneous fat deposition. Third-trimester growth abnorm- 
alities, such as those seen with maternal vascular disease, 
restrict fetal growth during the hypertrophic growth phase. 
Due to preferential perfusion of the brain and adequate linear 
growth, the newborn with asymmetric growth retardation is 
identified by either an abnormally increased head circumfer- 
ence (HC) to abdominal circumference (AC) ratio or an 
abnormal ponderal index. The neonatal ponderal index has 
been suggested as a measure of the proportion between 
neonatal body mass and length (9). This index is defined as a 
percentage of birth weight (in grams) divided by body length 
(in centimeters) cubed. Theoretically, an abnormal ponderal 
index should differentiate the normal from the wasted and 
malnourished infant. Miller suggested that a low ponderal 
index indicates asymmetric growth restriction and that it is a 
more accurate predictor of fetal morbidity than birth weight 
alone (10). Defining FGR by an abnormal ponderal index 
does, however, suffer from several limitations. First, severe, 
early-onset growth restriction often results in a normal 
ponderal index due to restriction of both weight and linear 
growth. Second, accurate measurements of neonatal length are 
not easy to obtain. A small error in this measurement is cubed 
when calculating the ponderal index and may lead to 
erroneous conclusions. Because of these limitations, the 
ponderal index has not received widespread clinical acceptance 
in obstetrics. It is necessary to be aware that these symmetric 
and asymmetric patterns of fetal growth may merge and 
become indistinguishable. A maternal vascular disease begin- 
ning early enough may cause symmetric growth restriction. 
Likewise, a fetus with asymmetric growth retardation can 
become symmetric once brain sparing or linear growth is no 
longer maintained [this phenomenon has been identified as 
“late flattening of the biparietal diameter” (BPD) and is 
associated with increased neonatal morbidity]. It is commonly 
believed that “placental insufficiency” results in asymmetric 
growth restriction whereas chromosomal abnormalities are 
associated with symmetric FGR. Data presented by Nicolaides 
and coworkers (11) indicate, however, that fetal genetic disease 
may be associated with severe asymmetric growth. 


Table 1 Tenth Percentile Birth Weight Values as a Function 
of Gestational Age 


Gestational age (weeks) Birth weight(g) 


Brenner et al. Lubchenco et al. 


28 860 770 
29 970 900 
30 1075 1030 
31 1180 1170 
22 1290 1310 
33 1480 1490 
34 1670 1670 
35 1860 1930 
36 2050 2190 
37 2240 2350 
38 2430 2510 
39 2530 2630 
40 2630 2750 
41 2675 2790 
42 2720 2830 
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In a study of 752 consecutively born, single, white, term 
infants, Miller (12) has noted that the ratio of asymmetric to 
symmetric to “mixed” types of FGR is 4.7:2.7:1.0, respectively. 
Basel and coworkers reported on longitudinal sonographic 
biometry performed on fetuses with decreased growth rates 
and concluded that the type of FGR is determined to a large 
extent by the timing and duration of the insult rather than the 
specific etiology (13). 


ETIOLOGY OF FGR 

Various disease processes may result in FGR. The final fetal 
size is determined by the severity, gestational age at onset, and 
duration of the underlying pathology. 

Abrams and Newman have examined the relationship 
between maternal characteristics and the risk of delivering a 
growth-retarded neonate (birth weight <10th percentile for 
gestational age) in 2228 women (14). These authors used 
multivariate analysis to show that the following variables are 
significant risk factors for FGR: cigarette smoking (odds 
ratio = 3.18), low maternal weight gain (odds ratio = 2.96), 
black ethnicity (odds ratio = 2.60), prepregnancy underweight 
(odds ratio = 2.36), Asian ethnicity (odds ratio = 1.88), 
primiparity (odds ratio = 1.85), and low maternal height (odds 
ratio = 1.63). It should be noted that Asian ethnicity and 
low maternal height may represent predisposing factors for 
normal, constitutionally small infants. Maternal history of low 
birth weight and a previous delivery of a low-birth weight 
infant have been added to the above list by Kramer (15,16). 

The etiologic factors that result in the restriction of fetal 
growth potential can be grouped into intrinsic and extrinsic 
categories (Table 2). Intrinsic fetal abnormalities, such as 
genetic and congenital anomalies (Tables 3 and 4), often result 
in a symmetric FGR. The incidence of chromosomal 
aberrations in growth-restricted live newborns varies from 


Table 2 Etiologic Factors in Fetal Growth Restriction 


Intrinsic factors Extrinsic factors 


Chromosomal aberrations Maternal—placental—fetal 
infections 

Uteroplacental perfusion 

Chronic maternal disease 


Substrate availability and toxins 


Congenital structural defects 
Constitutional (genetic 
heritage) 


Table 3 Chromosomal Anomalies Associated with Fetal 
Growth Restriction 


Common Rare 
Trisomy 13 Trisomy 22 
Trisomy 18 Turner’s syndrome 


Trisomy 21 4p and 4q syndromes 

5p and 5q syndromes 

13q syndrome 

18p and 18q syndromes 
Trisomy 9 mosaic syndrome 
Triploidy syndrome 

Partial trisomy 10q syndrome 
Ring 1 

Ring 22 
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30% in severe, early-onset cases to approximately 2.2% for late 
onset (17,18). FGR and polyhydramnios were the most 
common associated findings in 386 structurally anoma- 
lous fetuses (52% and 54.5%, respectively) reported by 
Wladimiroff et al. (19). Symmetric growth restriction is also 
seen commonly with fetal infections (Table 5) and teratogenic 
agents (Table 6). Other extrinsic conditions, such as maternal 
vascular and placental causes of FGR (Table 5), often result in 
an asymmetric growth restriction pattern. Structural anoma- 
lies of the placenta and the umbilical cord (Table 7) have not 
been associated with a particular form of growth restriction. 


Table 4 Fetal Structural Anomalies Associated with Fetal 
Growth Restriction 


Neural tube defects 

Renal anomalies (Potter’s syndrome) 
Anencephaly 

Pancreatic agenesis 

Congenital heart defects 

Dwarfism syndromes 
Chondrodystrophies 

Osteogenesis imperfecta 

Primordial short stature 


Table 5 Maternal Causes of Fetal Growth Restriction 


Chronic disease 
Hypertension 
Collagen vascular disease 
Renal disease 
Cyanotic cardiopulmonary disease 
Thyrotoxicosis 
Advanced diabetes mellitus 
Hemoglobinopathies 
SS hemoglobin 
Pre-eclampsia 
Malnutrition 
Infection 
Toxoplasmosis 
Malaria 
Rubella 
Cytomegalovirus 
Herpes 
Syphilis 
Listeriosis 


Table 6 Drugs and Medications Associated with Fetal 
Growth Restriction 


Marijuana 

Heroin, methadone 
Cocaine 

Cigarette smoking 
Alcohol 
Aminopterin 
Coumarin derivatives 
Cytotoxic drugs 
Isotretinoin 
Lithium 
Paramethadione 
Phenytoin 
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Antenatal identification of the risk factors for FGR is 
probably possible in as many as 50% of cases. Various etiologic 
factors require management decisions and have important 
neonatal implications. An intensive survey of maternal history 
(Table 8), physical examination, blood tests, and genetic 
studies is recommended. The astute clinician should also 
realize that the fetus of constitutionally small parents will most 
likely express its genetic heritage in its pattern of fetal growth. 
When growth restriction is recognized, intensive monitoring 
of the affected pregnancy is required, and early intervention on 
behalf of the compromised fetus may be advisable. 


SCREENING FOR FGR 
First- and second-trimester screening for FGR has not been 
shown to be clinically feasible. Abnormal maternal serum 
levels of beta hCG, pregnancy-associated plasma protein A, 
alphafetal protein, and inhibin-A have shown some association 
with the development of FGR. Unfortunately, the poor 
sensitivity and specificity coupled with the lack of an effective 
intervention strategy make this approach impossible to use as 
an effective and useful screening tool (20-25). 
Third-trimester screening for FGR by serial fundal height 
and maternal weight-gain assessments should be routinely 
performed during prenatal care. Decreased fundal height may 
be associated with FGR (oligohydramnios, wrong dates, and 
fetal malposition should also be considered). The sensitivity of 
this test may be as high as 50% (26). The false-positive rate is, 
however, quite high at approximately 56% (27). Beazley and 
Kurjak (28) reported that 25% of such assessments performed 
beyond 36 weeks of gestation were inaccurate by >500g and 
that the error increased at the extremes of the birth weight 


Table 7 Placental Factors in Fetal Growth Restriction 


Placenta previa 

Chronic placental abruption 
Decreased uteroplacental perfusion 
Chorioangioma 

Partial molar pregnancy 
Twin-to-twin transfusion 

Single umbilical artery 


Table 8 Screening for Fetal Growth Restriction (FGR) by 
History 


Smoking 
Altitude 
Malnutrition (poor weight gain) 
Previous FGR 
Medications 
Recreational drugs 
Alcohol 
Chronic maternal disease 
Genetic anomalies 
Maternal age 
Family history 
Habitual abortion 
Alpha-fetoprotein 
Environmental: lead, mercury, copper 
First-trimester vaginal bleeding 
Parents’ size 
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range (when this information is most useful). Similar results 
were reported by Loeffler (29). Despite these inaccuracies, 
serial measurement of fundal height is nearly twice as sensitive 
as palpation for detection of FGR (30). Accuracy can be 
improved by using a standardized technique of measuring 
from the fundus to the symphysis along the fetal axis and 
plotting along a customized growth curve similar to that 
discussed previously for estimation of fetal weight (31). 

Both single and serial third-trimester ultrasound examina- 
tions have been evaluated as a screening tool for FGR. 
Lindqvist and Molin recently demonstrated a sensitivity of 
54% for a single scan at 32 weeks (32). A separate study 
showed a sensitivity for birth weight <10th percentile to be 
48% with a false-positive rate of 7% (33). 

For pregnancies at high risk for FGR, there is a role for 
third-trimester screening. A prior history of stillbirth confers a 
50% increase in the risk of FGR. Patients with diabetes during 
pregnancy are traditionally thought of as being at risk for 
macrosomia. However, these patients are also at a significantly 
increased risk for FGR, and screening is appropriate (7). 
Multiple gestation is also a risk factor for FGR. Obesity is not 
traditionally associated with FGR unless the patient also suffers 
from some other disorder such as chronic hypertension. 
Excessive weight gain during pregnancy is associated with 
macrosomia (34). The use of customized fetal growth curves 
has demonstrated that a subset of pregnancies in obese women 
who are categorized as having normal growth by population- 
based norms in fact have impaired growth and are at increased 
risk for perinatal mortality (7). While there have been no 
studies showing improvements in neonatal morbidity or 
mortality with screening of routine pregnancies for FGR with 
third-trimester ultrasound examination, it is a reasonable 
approach in pregnancies at high risk for FGR. Pregnant 
women whose weight gain is inadequate or fundal height is 
decreased stand an increased risk of having FGR. Further 
evaluation by sonographic assessment should be offered to 
patients with risk factors and a high index of suspicion. 


DIAGNOSIS OF FGR 
FGR can be manifest by a variety of combinations of decreased 
fetal weight, body length, HC, AC, and soft tissue mass. 
Ultrasound is the only direct method available for assessing 
fetal size. It also provides for an assessment of factors 
associated with FGR such as fetal anomalies, oligohydramnios, 
and increased placental impedance. A thorough evaluation 
should include a detailed study of fetal, umbilical, and 
placental structural anomalies as well as measurements of 
the BPD, HC, AC, femur length (FL), and a semiquantitative 
assessment of amniotic fluid volume in the form of the 
amniotic fluid index (AFI). Morphometric ratios such as the 
HC:AC and FL:AC as well as a sonographic estimate of fetal 
weight can then be derived from these measurements. 
Umbilical artery (UA) Doppler velocity studies provide data 
regarding placental impedance to blood flow and may be 
constructive in patients who are at increased risk for FGR. 
Several studies have evaluated the ability of both single and 
serial ultrasound measurements to identify FGR. The results 
vary widely, with sensitivities ranging from 44% to 90% (35). 
These measurements may not identify the symmetrically small 
fetus. 
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A strong correlation between fetal FL and neonatal crown to 
heel length can been demonstrated (36). The experience with 
this measurement as an independent predictor of FGR is 
limited. O’Brien and Queenan have shown that the FL helps 
differentiating between symmetric and asymmetric patterns of 
growth restriction (37). Overall, both the size of the fetal head 
and the length of the femur are affected late in most cases of 
FGR and, therefore, these measurements are too insensitive to 
be used as independent predictors of FGR. 

Measurements of the fetal AC are commonly used as a 
means for identification of the growth-restrictive fetus. This 
measurement reflects the size of the liver (which correlates 
with the degree of fetal malnutrition) as well as the volume of 
subcutaneous fat. In addition, the AC is decreased in both 
symmetric and asymmetric growth restriction. Therefore, it is 
not surprising that sonographic measurements of the AC 
predict growth restriction more accurately than either the BPD 
or the FL. In a large study of 3616 sonographically dated 
pregnancies, Warsof and coworkers (38) have shown that AC 
measurements predicted FGR with a sensitivity of 61%, 
specificity of 95%, true-positive rate of 86%, and true-negative 
rate of 83%. Their results also indicate that the optimal 
gestational age to screen for FGR is approximately 34 weeks. 
Similarly, other investigators (39—41) have reported relatively 
high positive predictive values for this measurement (ranging 
from 84% to 100%). Ferrazzi and coworkers (42) noted that 
the positive predictive value of the AC for detection of the 
growth-retarded fetus increases with gestational age (from 
51% at 29-30 weeks of gestation to 71% at term). 

Accurate pregnancy dating is essential for the interpretation 
of AC measurements. However, uncertainty about gestational 
age occurs frequently and makes the differentiation between 
the appropriate-for-gestational age and the growth-restrictive 
fetus difficult. Because growth of the fetal abdomen is linear 
from 15 weeks of gestation onward, determination of the rate 
of growth offers a gestational age—independent parameter to 
identify the FGR fetus. Divon and coworkers (43) found a 
significant difference in the rate of growth of the fetal AC 
between FGR fetuses and fetuses that were appropriate for 
gestational age (6.0 + 4.9mm/14 days and 14.7 + 7.1mm/ 
14 days, respectively). An increase in fetal AC of <10mm/ 
14 days had a sensitivity of 85% in identifying the FGR fetus. 
Thus, the use of serial measurements of AC offers an attractive 
method of identifying the FGR fetus, especially when 
gestational age is uncertain. 

The comparison of growth in some body organs relative to 
others has led to the development of a number of morpho- 
metric ratios. These ratios are useful in the diagnosis of 
asymmetric FGR where the AC is smaller than expected when 
compared with the size of the head or the length of the body. 
Consequently, abnormally elevated FL/AC or HC/AC aid in 
the identification of the fetus with asymmetric growth 
restriction. The average value of HC/AC decreases in a linear 
fashion from 16 to 40 weeks of gestation. An HC/AC >2 SDs 
above the mean has been suggested as an abnormal value (44). 
Kurjak and coworkers correctly identified 80% of growth- 
retarded fetuses with the use of this ratio (40). By contrast, 
Divon and coworkers (45) applied this ratio to a population of 
FGR fetuses of mixed etiologies and reported a relatively low 
sensitivity of 36%, with specificity of 90%, positive predictive 
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value of 67%, and negative predictive value of 72%. These 
authors concluded that the HC/AC ratio tends to be a better 
predictor of FGR in situations related to third-trimester 
“placental insufficiency” resulting in asymmetric fetal growth. 

Hadlock and coworkers (41) reported on the use of the 
FL/AC ratio as a gestational age—independent index of fetal 
growth. From 21 weeks of gestation to term, the normally 
grown fetus has an FL/AC ratio of 22% + 2% (+ SD). An 
FL/AC >23.5% was associated with a sensitivity of 60% and a 
specificity of 90% for identification of the growth-retarded 
fetus. Similarly, Divon and coworkers (43) reported a 
sensitivity of 55% for the same cutoff value and concluded 
that this parameter is fairly useful in differentiating between 
the fetus demonstrating appropriate growth and the growth- 
retarded fetus when gestational age is uncertain. 

The most commonly used definition of FGR is a birth 
weight <10th percentile for gestational age. Therefore, it 
seems reasonable to use sonographic estimation of fetal weight 
to diagnose FGR in the antenatal period. This parameter 
would also allow the clinician to evaluate changes in interval 
growth as compared with normative standards available 
throughout the latter part of pregnancy. Various equations 
that incorporate different variables (i.e., BPD, HC, AC, and 
FL) have been proposed in an attempt to accurately estimate 
the fetal weight (46). In general, these estimates are associated 
with a mean percentage absolute error of approximately 7% to 
10% (47). Several investigators have evaluated the ability of 
fetal weight estimates to identify the fetus with growth 
restriction. Divon and coworkers (45) estimated fetal weight 
using Hadlock’s formula based on BPD, AC, and FL in a 
population of 127 high-risk patients, 45 of whom delivered 
FGR neonates. They reported a sensitivity and specificity of 
87%, positive predictive value of 78%, and negative predictive 
value of 92% for estimated fetal weight <10th percentile for 
gestational age. Compared with other indices used to detect 
FGR, such as HC:AC ratio, FL:AC ratio, amniotic fluid 
volume, and Doppler velocimetry, the best predictor appeared 
to be an estimated fetal weight of <10th percentile. Ott and 
Doyle (36) evaluated 595 pregnancies in which ultrasound 
examinations were performed within 72 hours of delivery. 
Fetal weight was estimated using measurements of the BPD 
and AC. They reported a sensitivity of 90% and a specificity of 
80%. All infants with severe growth restriction (birth weight 
<3rd percentile) were correctly identified, for a sensitivity 
of 100%. 

Not surprisingly, equations that incorporate head and body 
proportions as well as body length seem to provide more 
accurate sonographic estimates of fetal weight. This has been 
shown to be especially true for the FGR fetus. Guidetti and 
coworkers (48) showed that estimates of fetal weight that 
include AC and FL correlated best with birth weight. Overall, 
75% of the estimates using the BPD-AC-FL equation were 
within 10% of the actual birth weight. Clearly, as long as the 
definition of FGR is based on birth weight and gestational age 
criteria, the ability to diagnose FGR is significantly dependent 
on the accuracy of the estimated fetal weight. 

Oligohydramnios has long been recognized as a complica- 
tion of FGR. This is probably caused by decreased urination 
secondary to decreased renal perfusion reflecting redistribu- 
tion of blood flow from non-vital to vital organs. 
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Manning and coworkers (49) used real-time sonography to 
qualitatively assess amniotic fluid volume in 120 pregnancies 
in which FGR was suspected. Defining oligohydramnios as the 
largest vertical pocket of fluid measuring <1 cm, they reported 
a sensitivity of 84%, specificity of 97%, positive predictive 
value of 90%, and negative predictive value of 95%. Other 
investigators, however, have not confirmed these results. 
Divon and coworkers (45) evaluated 127 patients referred with 
a clinical suspicion of FGR. Oligohydramnios was defined by 
the vertical dimension of the largest pocket of fluid measuring 
<2cm. They reported a sensitivity of only 16% and a specificity 
of 98%. The low sensitivity and high specificity of amniotic 
fluid volume as an indicator of FGR have also been shown by 
others (50). 

An AFI of less than 5cm has been suggested as a 
sonographic marker of oligohydramnios (51). However, the 
reported experience with this cutoff value and its relationship 
with either diagnosis or outcome in pregnancy complicated by 
FGR is limited. The presence of oligohydramnios assumes 
increased importance when gestational age is questionable. If 
oligohydramnios is present in the absence of ruptured 
membranes, congenital anomalies, or postdatism, FGR is the 
most likely explanation. Thus, the presence of oligohydram- 
nios can be considered a gestational age—independent pre- 
dictor of FGR (49,51-53). Its presence is considered an 
ominous sign with respect to fetal compromise and is generally 
accepted as an indication for delivery for fetuses with mature 
lungs or gestational age of 34 weeks or greater. 

Reliable ultrasound growth assessment of the fetus con- 
tinues to present a clinical challenge. It is possible that as the 
use of customized growth curves becomes more widely 
accepted, the ability of ultrasound to accurately identify 
infants affected by FGR and to differentiate them from those 
that are constitutionally small will improve. Accurate dating is 
obviously essential to the diagnosis of FGR using either 
population-based or customized growth curves. Indicators of 
fetal growth that are independent of gestational age such as FL: 
AC ratio, oligohydramnios, and serial sonographic measure- 
ments of fetal AC should be considered whenever gestational 
age is unknown. 


ANTEPARTUM FETAL TESTING 
Intensive fetal surveillance should be instituted once growth 
restriction is detected or suspected. The nonstress test (NST) is 
most commonly used for this purpose. A reactive NST 
indicates that the fetal central nervous system is well 
oxygenated and has the ability to integrate autonomic nervous 
system reflexes that are initiated with body movements and 
result in an acceleration of the fetal heart rate (FHR). 
A growth-retarded fetus may be moving less frequently in 
order to conserve energy or due to asphyxiation as a result of 
decreased placental function in providing adequate nutrients 
or respiratory exchange. Under these circumstances, the NST 
is likely to be nonreactive. A review (54) of NSTs has suggested 
that fetuses with normal growth have a lower incidence of 
nonreactive tests when compared with growth-retarded 
fetuses. 

A reactive NST is highly indicative of a well-oxygenated 
fetus. The false-negative rate of a reactive NST performed 
twice weekly is approximately 2 to 3 in 1000. The converse, 
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however, is not true. The association between a nonreactive 
NST and fetal hypoxia is rather low. The false-positive rate of a 
40-minute nonreactive NST is approximately 80% and, 
therefore, in addition to fetal hypoxia other causes of 
nonreactivity should be considered (i.e., fetal sleep-wake 
cycles, prematurity, congenital anomalies, maternal use of 
medications and drugs). A nonreactive FHR pattern with or 
without spontaneous decelerations may be the first sign of fetal 
structural anomalies associated with FGR (55). Therefore, a 
detailed sonographic evaluation combined with the analysis of 
fetal karyotype, if significant fetal anomalies are found, should 
be considered under these conditions. In addition, the growth- 
retarded fetus is at an increased risk of spontaneous variable 
FHR decelerations due to cord decompression resultant from 
oligohydramnios and/or decreased Wharton’s jelly. Therefore, 
an ultrasound assessment of the amniotic fluid volume should 
be performed whenever variable decelerations are detected 
during NST. 

Several authors have suggested that the presence of severe 
oligohydramnios in a growth-retarded fetus should be used as 
an indication for delivery. Recent Doppler studies have shown 
that oligohydramnios in FGR fetuses is associated with 
increased resistance to blood flow in the fetal renal artery (56). 
Decreased renal perfusion in these fetuses is probably part 
of a compensatory mechanism resulting in redistribution of 
blood flow from non-vital to vital organs. As long as the 
central nervous system is adequately perfused, other tests of 
fetal well-being [such as the NST, contraction stress test 
(CST), or fetal breathing movements] will be normal. Most 
clinicians would intervene before the fetus decompensates as 
manifested by the presence of oligohydramnios combined 
with an abnormal NST, CST, or biophysical profile (BPP) 
score. 

Chamberlain and coworkers (41) applied a 2-cm vertical 
“depth” rule to define oligohydramnios and concluded that its 
presence is an ominous sign with respect to fetal health. The 
corrected perinatal mortalities for fetuses with marginal and 
decreased amniotic fluid volume were 37.7 in 1000 and 109.4 
in 1000, respectively. These authors concluded that the 
presence of oligohydramnios should prompt a consideration 
for a timely delivery. 

Additional causes of oligohydramnios should be considered 
prior to intervention such as premature rupture of the 
membranes or obstructive uropathy. Differentiating renal 
agenesis from a structurally normal but growth-restrictive 
fetus may be more difficult. Fetuses with renal agenesis are 
often growth retarded. In addition, visualization of the fetal 
kidneys may be impossible in the presence of oligohydram- 
nios. Instillation of normal saline into the amniotic cavity may 
improve the quality of the sonographic image. 

The high false-positive rate of abnormal NST requires 
additional testing prior to intervention on a presumed 
diagnosis of fetal compromise. In the face of a nonreactive 
NST, fetal well-being is commonly established by BPP scoring. 
A BPP score of 8 to 10:10 is associated with a low risk for either 
fetal asphyxia or imminent fetal death. In general, as the BPP 
score decreases, the likelihood of fetal asphyxia increases. As 
with NST, BPP scores are, in general, lower in FGR fetuses 
when compared with other “high-risk” fetuses. Devoe and 
coworkers (57) noted that their FGR patients accounted for 
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33% of all abnormal BPP scores, although they constituted 
only 20% of the tested population. 

Gradual deterioration of fetal health is reflected by 
decreased or absent fetal activity. Therefore, BPP testing 
represents a rational approach for fetal surveillance. Baskett 
and coworkers (58) reported that growth-restrictive fetuses 
were more likely to have perinatal complication with the 
incidences of 30%, 23%, and 21% for oligohydramnios, 
decreased fetal body movements, and decreased fetal tone, 
respectively. 

Pollack and coworkers (47) have reported on 4727 patients 
undergoing NST followed by BPP testing when indicated. FGR 
was the primary indication for fetal testing in 478 (10%) 
patients. No fetal deaths were reported in the tested FGR 
population. In a large study of 19,221 patients, Manning and 
coworkers (59) noted that 4 of 14 fetal deaths, following 
normal tests, occurred in FGR pregnancies. These results 
underscore the fact that intensive fetal testing is associated 
with an extremely low false-negative rate in the setting of FGR. 


Doppler Velocimetry 

Normal fetal growth is determined by multiple maternal—fetal 
variables. Continuous blood flow on either side of the placenta 
and adequate fetal perfusion are obviously an absolute 
necessity. Indeed, FGR is associated with various abnormalities 
of the uteroplacental, umbilical, and fetal circulations (60,61). 
Doppler devices allow for a noninvasive evaluation of blood 
flow by displaying Doppler-shifted frequencies that are 
proportional to the velocity of red blood cells. Qualitative 
assessment of these waveforms is provided by angle-indepen- 
dent indices that are based on various ratios between the 
systolic and diastolic components of the waveform. Most 
studies concur that the simplest index (ie., the systolic: 
diastolic ratio, S:D) is clinically as useful as any of the more 
complicated indices such as the resistance index (RI) 
[(Peak systolic velocity — end-diastolic velocity)/peak 
systolic velocity] or the pulsatility index (PI) [(peak systolic 
velocity — end-diastolic velocity)/average frequency shift]. 

Maternal and fetal blood flow velocity waveforms are 
influenced by the stroke volume, pressure gradient, heart rate, 
vessel wall elasticity, and blood viscosity. Fast heart rates result 
in a relatively high end-diastolic component, while increased 
downstream impedance causes low end-diastolic flows. Since 
blood flow during diastole is mostly passive, as placental 
impedance increases, the umbilical arterial end-diastolic 
flow decreases. Therefore, severe placental impedance is 
associated with low, absent, or reversed end-diastolic umbilical 
blood flow. 

On the maternal side, some evidence (44) suggests that 
changes in uterine artery velocity waveforms (arcuate arteries) 
may be detected as early as the second trimester in some 
pregnancies, which eventually develop pre-eclampsia or FGR. 
Uterine artery Doppler has a sensitivity rate of 25% to 75% 
and a false-positive rate of 5% to 10% in detecting early onset 
of FGR (62-64). Newnham and coworkers (65), who 
evaluated uteroplacental blood flow at 14, 18, 24, 28, and 
34 weeks of gestation, reported that abnormal waveforms were 
significantly correlated with the future development of fetal 
hypoxia; however, they were not predictive of subsequent 
development of FGR. Both Chambers and coworkers (39) and 
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Jacobson and coworkers (66) concluded that Doppler studies 
of the uteroplacental perfusion are of a limited clinical value 
due to their poor sensitivity and high false-positive rate. 

Many studies have reported a significant decrease in end- 
diastolic flow of the UA and the descending aorta of the 
growth-restricted fetus (61). These studies indicate that some 
forms of FGR may result from “placental insufficiency” 
defined by increased placental impedance secondary to a 
decreased number of intraplacental arterial channels (67—69). 
A decreased PI in the internal carotid arteries (70) in FGR 
fetuses probably reflects enhanced perfusion of the brain 
(brain sparing effect) from redistribution of blood flow. 

Trudinger and coworkers (71) have reported on 2178 high- 
risk pregnancies for which UA velocity waveforms were 
evaluated. The incidence of FGR (birth weight <10th 
percentile) in this population was 27%; 50% of their FGR 
fetuses had an abnormal (>95th percentile) umbilical arterial 
S:D ratio. The odds ratio of a fetus with an abnormal arterial 
velocity waveform for being diagnosed as growth restricted by 
birth weight criteria was 5.9 (95% confidence interval of 
4.7-7.3). Moreover, preterm infants with abnormal S:D ratios 
spent twice as long in the neonatal intensive care unit as those 
with normal velocity waveforms. These authors concluded 
that “in high-risk pregnancy, Doppler UA flow velocity 
waveforms predict the most compromised fetuses in terms 
of growth restriction and requirement for neonatal intensive 
care.” 

The ability to detect FGR with Doppler velocimetry varies 
considerably (Table 9). Overall, the odds ratios demonstrate a 
significantly increased likelihood of delivering an FGR new- 
born once the Doppler study is abnormal. These studies are 
hampered by the absence of standard definitions for both FGR 
and abnormal velocity waveforms. In addition, most studies 
have preferentially evaluated high-risk populations with an 
abnormally high incidence of FGR. Furthermore, the positive 
predictive value of abnormal Doppler velocimetry is influ- 
enced by the prevalence of FGR in the population. The 
prevalence is in turn affected by whether FGR is defined by 
population-based or customized criteria. Nonetheless, Dop- 
pler ultrasound of the UA remains a mainstay of evaluation of 
the fetus with FGR, and abnormal values are associated with 
adverse fetal outcomes (72-75). 

A few studies have evaluated the usefulness of screening the 
general population for FGR with the use of UA velocimetry. 
Beattie and Dornan (76) evaluated a total of 2097 singleton 
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pregnancies at 28, 34, and 38 weeks of gestation. Less than 20% 
of this population was defined as “high-risk” pregnancies. The 
sensitivity of an abnormal S:D ratio for prediction of FGR was 
rather low (from 31% to 40% depending on the gestational age 
at the time of the study). Bruinse and coworkers (77) studied 
an unselected population of 405 pregnant women at 28 and 34 
weeks of gestation. Doppler screening for FGR had a low 
sensitivity of 17% and 22%, respectively. Hanretty and 
coworkers (78) screened uteroplacental and umbilical arteries 
in 543 unselected patients at 20 to 30 and 34 to 36 weeks of 
gestation. They found no difference in the outcome of 
pregnancies with normal or abnormal uteroplacental wave- 
forms. However, birth weights were significantly lower in 
patients with an abnormal UA waveform at either gestational 
age. These studies suggest that Doppler screening of the 
general population is associated with a low yield. The cost: 
benefit ratio of such screening programs is unclear. 

The combined use of Doppler velocimetry with real-time 
ultrasound for the diagnosis of FGR was reported by Divon 
and coworkers (45). The study population consisted of 127 
patients referred with a clinical suspicion of FGR. Forty-five 
infants (35%) were identified as having FGR by birth weight 
<10th percentile for gestational age. These authors concluded 
that neither sonographic measurements nor Doppler tests 
were uniformly successful in identifying the growth-restricted 
infant. Overall, the best prediction was offered by sonographic 
estimates of fetal weight, which correctly identified 39 of the 45 
FGR infants. An S:D ratio >3 was seen in 49% of the FGR 
fetuses. All indices similarly predicted the non-FGR infant 
(range of specificities: 87-98%). Similar results were reported 
by Kay and coworkers (79) on 48 patients who underwent 
sonographic measurements and Doppler evaluations of 
the uterine and umbilical vasculatures. Chambers and co- 
workers (39) studied 145 pregnancies suspected of being small 
for dates and found that sonographic measurements of the 
fetal AC were superior to UA velocimetry for prediction of 
FGR with sensitivities of 73% and 47%, respectively. It should, 
however, be emphasized that Doppler can be used as a 
gestational age—independent index of FGR (i.e., S:D >3.0 is 
abnormal after 30 weeks of gestation) while evaluation of the 
AC requires accurate gestational dating. 

The utility of Doppler velocimetry in the prediction of 
adverse outcome in pregnancies at risk for FGR was 
investigated by Berkowitz and coworkers (80). These authors 
reported that approximately 50% of their FGR infants had 


Table 9 Umbilical Artery Velocimetry for Prediction of Fetal Growth Restriction in High-Risk Pregnancies 


Study patients, n 
(prevalence of FGR) 


127 (35%) 
168 (25%) 
255 (9%) 
205 (40%) 
400 (22%) 
146 (14%) 
139 (51%) 
48 (37.5%) 
2178 (27%) 


First author 


Divon (1988) 
Berkowitz (1988) 
Schulman (1989) 
Dempster (1989) 
Sijmons (1989) 
Lowery (1990) 
Gudmundson (1991) 
Kay (1991) 
Trudinger (1991) 


Definition of FGR 


BW <10th percentile 
BW <10th percentile 
BW <15th percentile 
BW <10th percentile 
BW <10th percentile 
BW <10th percentile 
BW <15th percentile 
BW <10th percentile 
BW <10th percentile 


Abbreviations: BW, body weight; S:D, systolic:diastolic ratio; PI, pulsatility index. 


Definition (95% confidence 


waveform interval) Odds ratio 
S:D >3.0 14.7 (4.6-50.5) 
SelD) S30) 6.6 (2.7-16.4) 
S:D >3.0 19.9 (6.9-59.0) 
S:D >95th percentile 3.3 (1.6-6.5) 
PI >95th percentile 4.4 (2.0-9.4) 
S:D >4.0 10.9 (3.8—32.5) 
PI >2 standard deviations above mean 7.1 (3.0-17.2) 
S:D >2 standard deviations above mean 11.3 (2.1-52.0) 
S:D >95th percentile 5.9 (4.7-7.3) 
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abnormal UA velocity waveforms and that these waveforms 
were valuable in identifying the growth-restrictive infant who 
was at increased risk for one or more of the following outcome 
criteria: early delivery, reduced birth weight, oligohydramnios, 
neonate intensive-care unit admission, and prolonged hospital 
stay. Reuwer and coworkers (81) reported similar results, 
demonstrating that Doppler velocimetry allowed accurate and 
early recognition of those growth-restrictive fetuses that would 
become compromised antenatally. Several investigators have 
noted that all their FGR-related neonatal deaths and a 
majority of their intensive-care admissions were confined to 
those fetuses with abnormal Doppler velocimetry results 
(72-75,82-85). While normal UA Doppler cannot definitively 
guarantee a normal fetus (86), abnormal Doppler values are 
associated with adverse neonatal outcomes. 

Absent or reverse end-diastolic flow is also associated with 
fetal aneuploidy. Wenstrom and coworkers (87) studied 450 
high-risk pregnancies that underwent level II sonograms after 
20 weeks of gestation. Twenty-two of these patients had absent 
or reversed diastolic flow in the UA. Of these, 10 had FGR, 
10 had either congenital malformations or were aneuploid, 
and in 2 cases, the etiology was not identified. Among the four 
cases with fetal aneuploidy, one had multiple severe anomalies 
including holoprosencephaly, renal agenesis, and polydactyly, 
and the other three had FGR. Therefore, a thorough evaluation 
of fetal anatomy and search for the underlying etiology, which 
causes absent or reversed diastolic blood flow, should be 
attempted when managing a patient with FGR. Whether a 
karyotype should also be obtained in patients with absent 
diastolic or reversed diastolic flow without major congenital 
anomalies or severe symmetric FGR needs further evaluation. 


MANAGEMENT 

Once the diagnosis of FGR is suspected, several management 
issues should be considered. These include parental counseling 
regarding a search for the etiology of growth restriction, fetal 
surveillance, timing of delivery, and neonatal outcome. In 
addition, the need for bed rest and adequate maternal 
nutrition should be discussed with the patient. The use of 
alcohol, tobacco or any other unnecessary toxins should be 
discouraged. 

Evaluation of the FGR fetus with serial ultrasound 
examinations and Doppler blood flow is a hallmark of the 
management. Absent or reverse end-diastolic flow in the UA is 
a useful marker for potential fetal compromise. As many as 
40% of acidotic fetuses will demonstrate this finding (88). 
Overall, absent or reverse end-diastolic flow has roughly a 60% 
sensitivity and specificity for adverse perinatal outcome (73). 
Doppler evaluation of the fetal middle cerebral artery (MCA) 
has also been studied. Multiple studies have demonstrated that 
lower values of MCA PI are associated with FGR (89-91). 
Chiba and Murakami (92) measured MCA RI at the time of 
cordocentesis. They reported that a decreasing MCA RI was 
associated with increasing PCO, in the fetal circulation. 
Bahado-Singh et al. (93) reported that an abnormal cere- 
broplacental ratio (MCA PI divided by UA PI) has a 
statistically significant correlation with adverse perinatal 
outcome. This preferential shunting of blood to the brain, 
the so-called brain-sparing effect, can be reversed in a 
fetus with severe uteroplacental insufficiency. Konje and 
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colleagues (94) reported a reversal of the brain sparing effect 
in eight fetuses with FGR, death of half in utero, and the death 
of the other half during the neonatal period. While MCA peak 
systolic velocity (PSV) is more classically used in the evaluation 
of the anemic fetus, Mari et al. have reported that an elevated 
MCA PSV is the best predictor of perinatal mortality in the 
fetus with FGR (95). 

Researchers have also investigated the use of Doppler of the 
ductus venosus (DV) as a marker for acute fetal decompensa- 
tion. Ductus venous waveforms have been shown to become 
abnormal about 48 to 72 hours prior to the BPP abnorm- 
ality (96). The ongoing “Trial of umbilical and fetal flow in 
Europe” is conducted to define the optimal timing in 
delivering FGR fetuses using DV Doppler and traditional 
FHR cardiotocography (7). 

FHR tracing has also been extensively used in monitoring 
FGR. Loss of short-term variability is temporally related with 
abnormal DV Doppler. Due to its high false-positive rate (as 
high as 50%) (97), the use of FHR alone to monitor FGR 
pregnancies is inadequate. When used in concert with other 
monitoring, such as the BPP or DV Doppler, it can be useful. 
Hecher and associates demonstrated that loss of short-term 
FHR variability with concurrent abnormalities on DV 
Doppler is a particularly strong predictor of adverse perinatal 
outcome (98). The value of the BPP in managing FGR preg- 
nancies is also difficult to determine. As noted above, the BPP 
has both a very low false-negative rate and a weak correlation 
between abnormal BPP and fetal acidosis (59). In addition, 
other studies have shown no association between abnormal 
BPP and cognitive function later in life (99), suggesting a 
higher false-positive rate than that may be recognized. 
Changes in amniotic fluid volume and FHR appear to be the 
early predictors of impending fetal decompensation, while 
fetal tone, breathing, and body movement appear to be asso- 
ciated with more advanced stages of fetal deterioration (7). 

The increased incidence of perinatal morbidity and 
mortality among FGR pregnancies often necessitates early 
delivery. Preterm delivery should be considered in the growth- 
restrictive fetus when fetal surveillance indicates a high 
probability of fetal asphyxia. The best method of fetal 
surveillance in these pregnancies is yet to be determined. 
The decision regarding when to deliver is further complicated 
by the fact that a fetus at <10th percentile on a customized 
growth curve is at risk of demise even with normal UA 
Doppler studies. Conversely, Boers and associates found no 
significant differences in neonatal outcome with expectant 
management of FGR between 36 and 39 weeks of gestation in 
the DIGITAT study (100). In this study, participants in the 
expectant management arm had twice-weekly fetal heart tone 
and UA Doppler evaluation. Management of the FGR 
pregnancy with a known fetal anomaly or an abnormal 
karyotype should be tailored to the specific abnormality. 

Timing of the delivery of FGR fetuses is predicated on 
balancing the risks of prematurity with the risk of fetal demise 
from expectant management. The difficulty lies in the lack of 
optimal fetal surveillance methods. In the very preterm FGR 
infant, since the risks of major complications from prematur- 
ity are high, it seems prudent to delay the delivery until fetal 
lung maturity can be documented as long as fetal surveillance 
is reassuring. On the other hand, Boers and associates (100) 
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Table 10 Indications for Delivery in Fetal Growth 
Restriction 


Fetal compromise 

Deteriorating maternal condition 

Term pregnancy with a favorable cervix 

Term pregnancy with markedly abnormal umbilical artery 
velocity waveform 

Absence of fetal growth with documented lung maturity 


showed no change in outcomes with expectant management of 
late preterm FGR as compared with early delivery, while 
Figueras et al. (7) demonstrated that FGR fetuses are at high 
risk for demise even with reassuring fetal surveillance. 

Amniocentesis for documentation of lung maturity should 
be considered when FGR is present. The benefits of 
conservative management in the presence of documented 
lung maturity are probably limited. Possible indications for 
delivery are shown in Table 10. 


LONG-TERM CONSEQUENCES OF FGR 

The consequences of FGR extend beyond delivery. FGR is 
associated with cardiovascular disease, abnormalities of the 
hypothalamic pituitary axis and structural abnormalities of the 
cardiovascular system, insulin resistance, and the metabolic 
syndrome in adulthood (101). 

FGR is associated with an increased risk of cardiovascular 
death as an adult (102). Low birth weight has also been 
associated with elevated cholesterol when compared with 
matched appropriate for gestational age controls by the age of 
12 years (103). A more recent study demonstrated that FGR 
was associated with decreased stroke volume, abnormally 
globular ventricles, higher blood pressure, and increased 
intima—media thickness in children (104). 

The “thrifty phenotype” hypothesis was originally proposed 
in 1992 and stated that a metabolically deprived developing 
fetus would become metabolically programmed for insulin 
resistance and impaired glucose metabolism (101). There was 
a strong association between FGR and elevated fasting glucose 
levels, elevated fasting insulin levels, prevalence of type 2 
diabetes mellitus, 2-hour postprandial glucose levels, and 
serum insulin levels (105). Women who were born SGA have 
elevated dehydroepiandrosterone sulfate levels, elevated folli- 
cle-stimulating hormone levels, and a higher incidence of 
anovulation (106-108). 

The metabolic consequences to the FGR project well beyond 
the womb and predispose the affected fetus to a wide range of 
health risks. Since there is no effective treatment to reverse 
FGR, controlling maternal risk factors such as smoking, 
alcohol consumption, illicit drug use, and preventable 
infection is important in reducing the perinatal morbidity 
and mortality and adverse long-term consequences. 


CONCLUSION 

Fetal growth is an important sign of fetal well-being. The 
clinical significance of FGR stems from its being a significant 
predictor of perinatal morbidity and mortality. FGR is an 
entity whose definition is controversial and whose etiology and 
natural history are poorly understood. Its antenatal diagnosis 
is less than optimal and many management issues remain 
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unresolved. Nonetheless, it is a condition of paramount 
importance to optimize perinatal outcome by timely and 
accurate diagnosis coupled with appropriate intervention. 
Further research is needed to improve our understanding, 
diagnosis, and management of FGR. 
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59 Application of 3D and 4D ultrasound in fetal medicine 


Eberhard Merz 


HISTORY 

In 1989, the first commercially available ultrasound scanner 
(Combison 330) with mechanically driven three-dimensional 
(3D) probes was launched by Kretztechnik AG, Austria (1). 
Nevertheless, many investigators with previous experience in 
2D ultrasonography took a skeptical attitude toward the new 
technology. 

Several questions continued to be raised by the physicians: 
“Is 3D ultrasound more useful in prenatal diagnosis?”; “Does it 
improve diagnostic accuracy, or is it only good to obtain 
keepsake images for the parents?”; “Does it enable the 
detection of a greater number of malformations?”; “Is it 
useful in daily routine, or is it more time-consuming?” (2). 

Only since the development of significantly more user- 
friendly 3D/4D ultrasound scanners that permit even less 
experienced operators to apply this technique successfully in 
prenatal diagnosis has 3D/4D ultrasonography found a 
growing number of advocates worldwide. The technology 
does not only furnish excellent images, but also enables the 
preparation of videos of the unborn baby that provide the 
expert with a new spectrum for fine-tuning the diagnosis 
while, at the same time, leaving the prospective parents with a 
lasting impression. 


TECHNICAL ASPECTS 

In essence, every 3D ultrasound procedure consists of four 
basic steps (2,3): (i) volume acquisition, (ii) volume display, 
(iii) volume manipulation/image processing, and (iv) storage 
of volumes, or rendered images and volume sequences. 


Volume Acquisition 

In contrast to conventional 2D ultrasound where only single 
planes are stored, all 3D ultrasound technology is based on the 
acquisition of multiple adjacent 2D scans that are stored at 
correlative sites in an electronic memory, where they are 
assembled to produce a volume data set (3). 

Two major technologies are currently available for the 
acquisition of ultrasound volumes: the freehand technique and 
the automated technique. 

In the freehand system (4), scans are obtained with a 
conventional 2D probe onto which an electromagnetic 
position sensor has been mounted. This device can sense the 
exact position and movements of the probe by detecting 
changes in a magnetic field (3). 

All images acquired during the freehand movements of the 
probe are transmitted via the video signal of the ultrasound 
unit to an external workstation, which is equipped with a 
frame grabber. After all individual images have been digitized 
by the frame grabber, they are stored in the computer memory 
according to their known location and are finally assembled 
into a volume. 


With an automated system a dedicated 3D transducer is 
matched to the ultrasound system. Volume acquisition is 
activated at the touch of a button, at which point the 
transducer element within the probe casing is automatically 
swept at a specified angle through a fan-shaped pattern (3). 

In 3D volume acquisition, individual volumes are obtained; 
in 4D volume acquisition, multiple volumes are acquired 
successively in the form of a volume sequence. 


3D/4D Volume Display 
Several grayscale and color modes are available for the 
demonstration of volumes: 


Triplanar Display 

In the tri- or multiplanar display, all three mutually 
perpendicular scan planes (the “orthogonal” planes) are 
displayed simultaneously on the monitor immediately after 
volume acquisition (Fig. 1) (3). 

The rotation and translation controls can now be used to 
demonstrate not only conventional section planes but also 
oblique planes. Starting from a selected plane the volume can 
be manipulated in all three directions with millimeter 
precision, enabling a precise tomographic survey of a 
particular region. 

To avoid the occurrence of spatial disorientation during 
rotation of the individual image planes as to left/right or top/ 
bottom, the application of a standardized procedure as 
described by Merz et al. (5) 2007 is recommended: 


1. In the primary multiplanar image, the object should 
be displayed so that the image at the top left always 
corresponds to that visualized in the 2D image 
(Fig. 1). This permits to draw a valid conclusion on 
the position of the embryo/fetus/uterus at the time 
of volume acquisition. 

2. In the secondary multiplanar image, the volume has 
to be changed by rotation maneuvers to ensure that 
the embryo/fetus may at all times be visualized in an 
upright sagittal position in the image at the top right 
(Figs. 2 and 3). The aim of this image is to present 
the object on the display screen in such a way as to 
allow the correct assignment of ventral and dorsal, 
as well as of right and left to the actual anatomy. 


Tomographic Ultrasound Imaging or Multi-Slice Viewing 
Technique 

With tomographic ultrasound imaging [TUI (General 
Electric)] (= multi-slice viewing technique (Samsung- 
Medison), it is possible to view parallel 2D section planes 
through a volume on the monitor as in CT or MRI (6,7) (Figs. 4 
and 5). The selection of the direction of the volume analysis and 
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Figure 1 Triplanar display of a fetus at 35 weeks of gestation immediately after acquisition in cephalic presentation (primary image). Upper left: exact midsagittal 
scan (= median plane). Upper right: transverse scan at orbit level. Lower left: coronal scan at orbit level. The image at the top left always corresponds to 
the conventional two-dimensional image during acquisition. cr = cranial, ca = caudal, ve = ventral, do = dorsal (mother). F = forehead, C = chin, a = anterior, 


p = posterior, ri = right, le = left (fetus). 


Figure 2 Fetus after rotation into an upright position (secondary image). The sagittal position of the fetus in the image at the top right guarantees a correct assignment 
of right and left to the actual anatomy in the coronal and the transverse scans. F = forehead, C = chin, a = anterior, p = posterior, ri = right, le = left (fetus). 


the distance of the parallel slices are optional. The choice of the 
distance between the individual section planes depends upon 
the gestational age, as well as on the location and size of the 
anatomic structures to be visualized (7). 


Surface Display 
The surface modes provide the examiner with rendered 3D 
images of the fetal surface (2,3) (Figs. 6-10). Various rendering 


algorithms can be used in surface rendering: surface mode, 
smooth surface mode, light mode, and gradient light 
mode (2,3). 

Prerequisites for high-quality images of the fetal surface are 
the presence of a sufficiently large amniotic fluid pocket in 
front of the structure being imaged and the absence of 
overlying or adjacent structures, such as the limbs, the 
umbilical cord, or the placenta. 
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Figure 3 Triplanar demonstration of a fetal brain at 19 weeks of gestation after rotation of the fetus into an upright position. Upper left: coronal scan. Upper right: 


sagittal scan of the right ventricle. Lower left: Axial scan of the ventricles. 
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Figure 4 Tomographic ultrasound imaging showing several slices of the fetal face at distances of 6.5 mm (coronal views) at 35 weeks of gestation. 


The surface modes can be applied not only for the 
demonstration of outer surfaces, but also to receive a spatial 
view of inner surfaces or surfaces of section planes. 

In contrast to 3D ultrasound where only 3D images are 
acquired, the 4D technique (= real time 3D) further provides 
image sequences, which allow the observation of real-time 
fetal movements as in a movie (2) (Fig. 11). 


Transparence Display 

The transparent mode (maximum mode) provides a spatial 
view of the fetal skeleton (Fig. 12) (3,8). Unlike in surface 
rendering, it primarily displays hyperechoic structures while 


greatly attenuating less echogenic structures. This provides an 
overview of the fetal skeleton, with a demonstration of 
normal and abnormal ossification. The 4D transparent 
display may be used to demonstrate movements of the 
skeleton. 


Inversion Display 

The inversion mode converts anechoic structures into 
hyperechoic structures (9). This allows for the 3D display of 
hollow structures such as the heart chambers, vessels, the 
stomach, the fetal urinary bladder, or pathologic amounts of 
liquid in the form of opaque casts. 
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Figure 5 Tomographic ultrasound imaging of the fetal brain at distances of 6.5mm (sagittal planes). The central image demonstrates the corpus callosum ( ) at 


Figure 6 Multiplanar and surface-rendered frontal view of the fetal face at 28 weeks of gestation. 


Glass-Body Rendering 
The glass body—rendering mode generates a combined display 
of grayscale values and color Doppler/power Doppler signals. 
This offers the physician the possibility of presenting the 
fetal vascular system three dimensionally, as in a glass-body 
model (2) (Fig. 13). The deletion of the grayscale portion of 
the image provides a clear 3D color depiction of the flow 
of blood in fetal blood vessels. 

Glass-body rendering can further be applied to visualize 
placental perfusion (Fig. 14). 


Spatiotemporal Image Correlation 

The spatiotemporal image correlation (STIC) technique 
(2,3,10-12) is a useful tool for the depiction of the beating 
fetal heart in both the grayscale and the color mode (color 
STIC = STIC + color Doppler). In the first step, images of 
several cardiac cycles are acquired using a slow-motion volume 
scan (7.5, 10, or 12.5 sec). The system then analyzes the 
volume data separately according to their temporal and spatial 
domains. These measures produce a 4D volume data set of a 
single cardiac cycle in an endless volume cine loop. The STIC 
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(A) (B) (C) 


Figure 7 Surface-rendered side views of the embryo/fetus in the first trimester at 7 (A), 10 (B) and 13 (C) weeks. 


(A) (B) (C) 


Figure 8 Surface-rendered views of the fetus in the second trimester at 14 (A), 23 (B), and 28 (C) weeks of gestation. 


(A) (B) 


Figure 9 Surface-rendered views of the fetal hand (A) (24 weeks of gestation) and foot (B) (31 weeks of gestation). 
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(A) (B) 


Figure 10 Surface-rendered views of male (36 weeks of gestation) (A) and female (32 weeks of gestation) gender (B). 


Figure 12 Transparent view (maximum mode) of the fetal skeleton. (A) Oblique side view of the ossified skull, facial bones, and the metopic and left coronal 
suture (23 weeks of gestation). (B) Frontal view of the ossified facial bones, the anterior fontanel and the metopic suture (21 weeks of gestation). (C) Bony thorax 
and ossified spine at 17 weeks of gestation. 
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Figure 13 Glass-body rendering of the fetal heart and the aorta (25 weeks of 
gestation). 


Figure 14 Glass-body rendering of the placenta and the insertion of the 
umbilical cord (26 weeks of gestation). 


technology does not only permit the storage of a beating fetal 
heart in a volume and its triplanar visualization, but also aids 
in the detailed investigation of the heart in the endless volume 
cine loop following shifting and rotation of the different image 
planes (2,12). The color STIC technology enables visualization 


of blood flow in the fetal heart or fetal blood vessels in the 
endless volume cine loop display (2,12) (Fig. 15). 

However, a prerequisite for the acquisition of an adequate 
STIC image is a sufficiently regular heart rate pattern. The 
application of the STIC technique is not suitable in the 
presence of arrhythmia. 


VCAD 

The automated multiplanar technique (VCAD) (13) also 
permits less experienced users to visualize the most important 
sectional planes of the fetal heart. The image of the heart 
acquired using the STIC technique is rotated so that the four- 
chamber view corresponds to the superimposed heart 
template. With a single keystroke, the relevant planes of the 
heart as, for example, the left and right outflow tract are 
automatically shown. 


Sonographic Automated Volume Count 

Sonographic automated volume count automatically detects 
low echogenic objects in the fetus (e.g., brain ventricles, 
stomach, urinary bladder) and analyzes their shape and 
volume. The calculated volume of the object is then listed 
according to size. 


Volume Manipulation 

Comparable with the images generated in 2D ultrasound, 
images acquired with 3D ultrasound can be manipulated using 
the following postprocessing procedures: threshold control, 
speckle reduction imaging (SRI), brightness and contrast 
controls, and the electronic scalpel. 

A number of 3D images, in particular surface images, 
require postprocessing procedures in order to improve image 
quality. Because low-level echoes (speckle), for example, those 
found in amniotic fluid, prevent a high image quality, they 
should be filtered out by increasing the threshold value (3) 
(Fig. 16) or by using the SRI technique. This technique reduces 
extraneous echoes and artifacts and leads to an improved 
demonstration of structures and boundaries. 

In surface rendering, larger interfering structures, such as 
loops of the umbilical cord, limbs, or the placenta, may 
obstruct the view of the fetal face. In approximately 70% of 
cases, the electronic elimination of these structures using the 
electronic scalpel leads to a substantial image improvement of 
the depicted surfaces (14) (Fig. 16). The original volume 
remains unaffected by the cutting procedure. 

Brightness and contrast controls can be set interactively in the 
3D image as well as in the 4D sequences; all changes are 
immediately visible on the monitor. 


Long-Term Storage of Volumes, Rendered Images, or Cine 
Sequences 

The 3D/4D ultrasound offers an important advantage over the 
conventional 2D sonography in archiving volumes, rendering 
images, or cine sequences of volumes instead of individual 
images. Once the volumes are stored in the memory of the 
ultrasound unit, they can be sent to various media for long- 
term storage (external hard drive, MOD, CD, DVD). Digital 
archiving of the volumes and images guarantees safe storage 
without quality loss. The examiner can retrieve the volumes 
and cine sequences at any time and navigate through them in 
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Figure 15 Triplanar spatiotemporal image correlation demonstration of the fetal heart (26 weeks of gestation). Upper left: Four-chamber view. Upper right: 
Sagittal scan of left chamber. Lower left: Transverse scan of left and right chambers. Lower right: Surface demonstration of the blood flow into the chambers (four- 


chamber view). 


Figure 16 Surface mode of a fetal face (frontal view) (30 weeks of gestation). (A) The face is obscured by echogenic amniotic fluid (threshold 0). (B) A threshold of 
50 reveals the fetal face. (C) Demonstration of the fetal face after removing adjacent gross structures with the electronic scalpel. 


the absence of the patient (virtual scan) (3,15). This allows the 
physician to scrutinize equivocal findings without a time limit 
or creating undue anxiety in the patient. 


DIAGNOSTIC CONSIDERATIONS 

The different imaging modes offered by transvaginal and 
transabdominal 3D/4D ultrasound technology today provide 
the operator with experience in the diagnosis of fetal 
malformations with completely new possibilities for sys- 
tematic fine-tuning of the prenatal diagnosis (Figs. 17—28). 
This applies to both, the application of these techniques 
directly on the patient and the detailed assessment of stored 
volumes with high-quality images in the absence of the 
patient. 

The simultaneous display of all three mutually perpendi- 
cular scan planes provided by the triplanar mode (16,17) 
permits an accurate assessment of the fetal anatomy. It 
facilitates rapid targeting of a specific biometry or section 
plane (Fig. 20). The ability to slowly navigate through the 


volume data set allows the physician to demonstrate 
morphologic abnormalities in an optimal plane. The applica- 
tion of the triplanar mode is particularly useful when the left 
and right sides of symmetrical organs like the brain (18-22) or 
the orbits are to be compared. 

Similarly, the TUI technique enables an exact tomographic 
demonstration of pathologic findings on the basis of parallel 
2D section planes. The direction of the slices as well as the 
distance between the individual section planes can be changed 
interactively to ensure the optimal visualization of the defect 
(Figs. 19 and 21). 

Application of the surface mode allows the reliable 
demonstration and exclusion of suspected pathologic findings. 
Conclusively demonstrated are in particular less severe surface 
defects as, for example, encephalocele, cleft lip/cleft palate, 
spina bifida, defects of the abdominal wall or the extremities, 
but also visualized are defects such as facial dysmorphia, 
external ear dysplasia, malformations of the hand, foot, or 
genital anomalies, as well as angular deformity of the limbs 
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(A) (B) (C) (D) 


Figure 17 Surface demonstration of pathologic fetal profiles (side views). (A) Flat profile. (B) Cyclopia with proboscis. (C) Cleft lip left. (D) Retrognathia. 


s 


(A) (B) (C) 


Figure 18 Surface demonstration of bilateral (A) and left-sided cleft lip (B). Surface demonstration of cleft palate ( ) after removal of the frontal part of the fetal 
face with the electronic scalpel (C). 


+ 
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Figure 19 Tomographic ultrasound imaging of severe bilateral fetal hydrocephalus (17 weeks of gestation)—axial planes. 
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Figure 21 Tomographic ultrasound imaging of the fetal brain at distances of 6.5 mm (sagittal planes). The central image demonstrates absent corpus callosum at 


24 weeks of gestation. 


(17,23-29) (Figs. 17,18,23,25,27,28). Furthermore, internal 
surfaces and section planes can be rendered in the form of 
surface images (Figs. 18 and 26). 

The transparent mode demonstrates defective ossification, 
osseous defects, and fractures and axial deviations of the fetal 
spine or the limb bones (2,17) (Figs. 22 and 27). 


The inversion mode is capable of converting anechoic cystic 
structures such as dilated lateral cerebral ventricles, renal cysts, 
and cystic tumors of the thorax or the abdomen into 
hyperechoic structures. 

Glass-body rendering is a useful tool for the spatial 
demonstration of fetal vascular anomalies. 
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Figure 22 Transparent view (maximum mode) of the fetal skeleton. (A) Normal spine and bony thorax (20 weeks). (B) Hemivertebra ( 


scoliosis (29 weeks). 


) (19 weeks). (C) Severe 


Figure 23 Surface-rendered view of myelomeningocele (31 weeks of gestation). 


A detailed demonstration of cardiac defects (12) can be 
accomplished with the STIC technology. An acquired STIC 
volume data set of the heart can further be used in 
combination with the TUI technique to visualize a cardiac 
defect in parallel image planes (Fig. 22). 

The 4D ultrasound provides the opportunity to detect 
abnormal fetal behavior (30). In addition, this technique can 
be used to record a suspicious site in the moving fetus. Once a 


malformation is included in the recorded volumes, the 
examiner can select the volume that best demonstrates the 
defect in 3D. 

Volume sonography with its broad spectrum of different 
imaging modes is of particular use when a suspected finding is 
to be demonstrated to the pediatrician, the facial plastic 
surgeon or neurosurgeon, the pediatric cardiologist, the heart 
surgeon, or the pediatric urologist. 


59.12 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


Figure 24 Tomographic ultrasound imaging of a spatiotemporal image correlation volume with hypoplastic left heart syndrome and septum defect (—) (21 weeks 


of gestation). 


Figure 25 Surface-rendered view of gastroschisis (21 weeks of gestation). 


This is of equal importance for the prospective parents, 
because a morphologic defect in the fetus can be more 
convincingly demonstrated (2), enabling them to understand 
the respective defect significantly better than that from a 2D 


demonstration. Conversely, in cases of an increased risk for 
recurrent malformation, the apprehensive parents can be 
reassured more impressively of the presence of a normal 
finding than that with 2D sonography. 
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Figure 26 Surface-rendered axial view of a left-sided multicystic kidney after electronic removal of the upper part of the body (25 weeks of gestation). 


(A) 


(B) 


Figure 27 (A) Surface-rendered view of a fetus with osteogenesis imperfecta. Axial deviation of all four limbs due to multiple fractures (24 weeks of gestation). 


(B) Transparent view of the femur, revealing a fracture at the center of the bone. 


KEEPSAKE IMAGES WITHOUT PRENATAL DIAGNOSIS 
There is no doubt that surface rendering of the fetus, and here 
in particular of the fetal face, represents a definite highlight for 
the parents and can improve maternal-—fetal bonding (31). The 
rising demand for prenatal 3D or 4D images has lead to the 
development of companies in the United States that produce 
images and videos of the unborn baby, which are acquired 
outside the clinical setting. In as much as these images may be 
beautiful and captivating for the prospective parents and the 


investigator, the preparation of photos or videos of the fetus is 
problematic if these are not obtained in the course of a 
diagnostic medical procedure (32-34). 


SUMMARY 

The 3D/4D ultrasound technology provides both the physician 
and the parents with fascinating insights into the embryonic 
and fetal development. The 3D/4D imaging has been estab- 
lished as a valuable additive technique to conventional 2D 


59.14 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


(B) 


Figure 28 (A) Surface-rendered view of postaxial hexadactyly (31 weeks of gestation). (B) Club foot. The surface-rendered image shows the axial deviation of the 
foot of 90° (31 weeks of gestation). 


sonography, as it provides in particular the experienced 
ultrasonographist with a significant expansion of the diag- 
nostic spectrum. 


REFERENCES 


l. 


= 


Wiesauer F. Methodology of three-dimensional ultrasound. In: Kurjak A, 
Kupesic S, eds. Clinical application of 3D sonography. New York — 
London: Parthenon Publ., 2000: 1—6. 


. Merz E. Current 3D/4D ultrasound technology in prenatal diagnosis. Eur 


Clin Obstet Gynaecol 2005; 1: 184-93. 


. Merz E. 3D Ultrasound in prenatal diagnosis. In: Merz E, ed. Ultrasound 


in Obstetrics. Stuttgart - New York: Thieme, 2005. 


. Prager R, Gee A, Treece G, Berman L. Freehand 3D ultrasound without 


voxels: volume measurement and visualisation using the Stradx system. 
Ultrasonics 2002; 40: 109-15. 


. Merz E, Benoit B, Blaas HG, et al. ISUOG 3D Focus Group. 


Standardization of three-dimensional images in obstetrics and 
gynecology: consensus statement. Ultrasound Obstet Gynecol 2007; 29: 
697-703. 


. Kalache KD, Bamberg C, Proquitte H, et al. Three-dimensional multi- 


slice view: new prospects for evaluation of congenital anomalies in the 
fetus. J Ultrasound Med 2006; 25: 1041-9. 


. Merz E. Tomographic ultrasound imaging. Ultraschall Med 2006; 27: 


307-8. 


. Benoit B. The value of three-dimensional ultrasonography in the 


screening of the fetal skeleton. Childs Nerv Syst 2003; 19: 403-9. 


. Lee W, Goncalves L, Epinoza J, Romero R. Inversion mode. A new 


volume analysis tool for 3-dimensional ultrasonography. J Ultrasound 
Med 2005; 24: 201-7. 


. Goncalves LF, Lee W, Chaiworapongsa T, et al. Four-dimensional 


ultrasonography of the fetal heart with spatiotemporal image correlation. 
Am J Obstet Gynecol 2003; 189: 1792-802. 


. DeVore GR, Falkensammer P, Sklansky MS, Platt LD. Spatio-temporal 


image correlation (STIC): new technology for evaluation of the fetal heart. 
Ultrasound Obstet Gynecol 2003; 22: 380-7. 


. Chaoui R, Heling KS. Basics of 3D and 4D fetal echocardiography using 


Spatial and Temporal Image Correlation (STIC) Software. Ultraschall 
Med 2006; 27: 340-6. 


. Abuhamad A. Automated multiplanar imaging. A novel approach to 


ultrasonography. J Ultrasound Med 2004; 23: 573-6. 


. Merz E, Miric-Tesanic D, Welter C. Value of the electronic scalpel (cut 


mode) in the evaluation of the fetal face. Ultrasound Obstet Gynecol 
2000; 16: 564-8. 


. Nelson T, Pretorius D, Lev-Toaff A, et al. Feasibility of performing a 


virtual patient examination using three-dimensional ultrasonographic 


16. 


17, 


18. 


19. 


20. 


21, 


22. 


24. 


23; 


26: 


27. 


28. 


data acquired at remote locations. J Ultrasound Med 2001; 20: 
941-52. 

Kratochwil A. Importance and possibilities of multiplanar examination in 
three-dimensional sonography. In: Merz E, ed. 3D ultrasound in 
Obstetrics and Gynecology. Philadelphia — New York — Baltimore: 
Lippincott, Williams and Wilkins, 1998: 105-8. 

Merz E, Welter C. 2D and 3D ultrasound evaluation of normal and 
abnormal fetal anomaly in the second and third trimesters in a level III 
center. Ultraschall Med 2005; 26: 9-16. 

Timor-Tritsch IE, Monteagudo A, Mayberry P. Three-dimensional 
ultrasound evaluation of the fetal brain: the three horn view. Ultrasound 
Obstet Gynecol 2000; 16: 302-6. 

Pooh RK, Pooh KH. The assessment of fetal brain morphology and 
circulation by transvaginal 3D sonography and power Doppler. J Perinat 
Med 2002; 30: 48-56. 

Paladini D, Volpe P. Posterior fossa and vermian morphometry in the 
characterization of fetal cerebellar abnormalities: a prospective three- 
dimensional ultrasound study. Ultrasound Obstet Gynecol 2006; 27: 
482-9. 

Correa FF, Lara C, Bellver J, et al. Examination of the fetal brain by 
transabdominal three-dimensional ultrasound: potential for routine 
neurosonographic Ultrasound Obstet Gynecol 2006; 27: 
503-8. 

Pilu G, Segata M, Ghi T, et al. Diagnosis of midline anomalies of the fetal 
brain with the three-dimensional median view. Ultrasound Obstet 
Gynecol 2006; 27: 522-9. 


studies. 


23. Merz E, Weber G, Bahlmann F, Miric-Tesanic D. Application of 


transvaginal and abdominal three-dimensional ultrasound for the 
detection or exclusion of malformations of the fetal face. Ultrasound 
Obstet Gynecol 1997; 9: 237-43. 

Dyson R, Pretorius D, Budorick N, et al. Three-dimensional ultrasound in 
the evaluation of fetal anomalies. Ultrasound Obstet Gynecol 2000; 16: 
321-8. 

Xu HX, Zhang QP, Lu MD, Xiao XT. Comparison of two-dimensional 
and three-dimensional sonography in evaluating fetal malformations. 
J Clin Ultrasound 2002; 30: 515-25. 

Mangione R, Lacombe D, Carles D, et al. Craniofacial dysmorphology and 
three-dimensional ultrasound: a prospective study on practicability for 
prenatal diagnosis. Prenat Diagn 2003; 23: 810-18. 

Mittermayer C, Blaicher W, Brugger PC, Bernaschek G, Lee A. Foetal 
facial clefts: prenatal evaluation of lip and primary palate by 2D and 3D 
ultrasound. Ultraschall Med 2004; 25: 120-5. 

Benacerraf BR, Benson CB, Abuhamad AZ, et al. Three- and 
4-Dimensional ultrasound in obstetrics and gynecology: proceedings of 
the American Institute of Ultrasound in Medicine Consensus Conference. 
J Ultrasound Med 2005; 24: 1587-97. 


APPLICATION OF 3D AND 4D ULTRASOUND IN FETAL MEDICINE 59.15 


29. Chaoui R, Heling KS. Three-dimensional ultrasound in prenatal 
diagnosis. Curr Opin Obstet Gynecol 2006; 18: 192-202. 

30. Kurjak A, Azumendi G, Andonotopo W, Salihagic-Kadic A. Three- and 
four-dimensional ultrasonography for the structural and functional 
evaluation of the fetal face. Am J Obstet Gynecol 2007; 196: 16-28. 

31. Ji EK, Pretorius DH, Newton R, et al. Effects of ultrasound on maternal- 
fetal bonding: a comparison of two- and three-dimensional imaging. 
Ultrasound Obstet Gynecol 2005; 33: 478-90. 


32. 


33. 


34. 


AIUM Statement: Keepsake Fetal Imaging — Approved June 22, 
2005. [Available from: http://www.aium.org/publications/statements/_ 
statementSelected.asp?statement=31] 

EFSUMB Newsletter. Statement on the Use of Diagnostic Ultrasound for 
Producing Souvenir Images or Recordings in Pregnancy. Ultraschall Med 
2007; 28: 100. 

Merz E. 3D/4D-ultrasound in obstetrics - baby TV without diagnostics. 
Ultraschall Med 2008; 29: 156-8. 


60 Prenatal diagnosis of fetal abnormality using fetal cells in maternal 


circulation 


Gian Carlo Di Renzo, Elena Picchiassi, Michela Centra, and Giuliana Coata 


INTRODUCTION 

The presence of rare fetal cells as well as of cell-free fetal DNA 
(cffDNA) and mRNA in the maternal circulation over the 
course of gestation has been quite recently established. The 
possibility of performing an early noninvasive prenatal 
diagnosis on fetal cells isolated from maternal peripheral blood 
is an important goal for modern obstetric care (1—4). Thus, fetal 
material can be isolated and potentially tested for genetic 
analysis without the need of sampling by invasive procedures as 
amniocentesis and chorionic villus sampling (CVS). 

The types of fetal cells discovered in maternal blood are 
various and include lymphocytes, erythroblasts, hematopoietic 
stem and progenitor cells, mesenchymal cells, and tropho- 
blasts (5,6). The main advantage of using fetal cells rather than 
cffDNA is that they potentially offer a source of the whole fetal 
genome and that could be sampled in a noninvasive way for a 
prenatal detection of fetal aneuploidies (7). Nevertheless, the 
recovery and analysis of fetal cells from maternal blood is 
complex, and the sensitivity is still low because of the scarcity 
of these cells in the maternal circulation and of the lack of 
universal morphologic or immunocytochemical fetal markers 
that allow the isolation of fetal cells without contamination of 
maternal cells. 

In this review, we summarize the current state of 
noninvasive prenatal diagnosis using fetal cells isolated from 
maternal blood during pregnancy. 


DISADVANTAGE OF PRENATAL DIAGNOSIS BY 
INVASIVE PROCEDURES 

Currently, prenatal diagnosis of fetal genetic traits relies on 
invasive procedures such as amniocentesis and CVS. These 
tests carry a small but significant risk of fetal miscarriage, and 
for this reason they are limited to only those women at 
increased risk of having a fetus with genetic abnormalities. In a 
recent systematic review of complications related to genetic 
amniocentesis and CVS, Mujezinovic et al. (8) searched on the 
Medline database for articles published after January 1995 
reporting data for at least 100 women with singleton 
pregnancies with genetic amniocentesis and CVS carried out 
transabdominally. They found 29 articles for amniocentesis 
and 16 for CVS. After the statistical analysis, results 
demonstrated that the relative risk for fetal loss before 24 weeks 
was 0.6% for amniocentesis and 1.3% for CVS. They 
concluded that although the pregnancy loss risk is relatively 
low, lack of adequate controls in most studies tends to 
underestimate the true added risks of the procedures. There- 
fore, only a limited number of pregnant women with maternal 
age of 35 years or older and/or those having an abnormal 
prenatal screening should undergo invasive prenatal proce- 
dures. A recent retrospective Italian study was carried out by 


accessing the results of cytogenetic analysis of amniotic fluid in 
women with less than and greater than 35 years and performed 
during years 1995 to 1996 (9). This study reported results of 
88,965 amniocentesis and compared the frequencies of 
chromosomal abnormalities in the two groups of women. 
The authors demonstrated that the incidence of fetal genetic 
abnormalities at the amniocentesis is independent from the 
age of the pregnant women; the results confirmed the age 
dependency for aneuploidies (>35 years), whereas it did not 
confirm the age dependency for structural chromosomal 
abnormalities. These data provide together with other 
previous findings (10) important information about the actual 
prenatal counseling and its possible modifications due to the 
need to recommend noninvasive prenatal tests to all pregnant 
women. 

For all these reasons, new noninvasive prenatal approaches 
are necessary. 

Observation that intact fetal cells can enter and circulate 
within maternal blood has raised the possibility of noninvasive 
access to fetal genetic material that would allow the prenatal 
diagnosis of fetal chromosomal and fetal monogenic disorders. 


FETAL CELLS IN MATERNAL CIRCULATION: AN 
ALTERNATIVE TO NONINVASIVE PRENATAL 
DIAGNOSIS 

The main approaches have principally focused on the 
detection and genetic analysis of fetal cells and trophoblasts 
circulating in maternal blood and on the analysis of cffDNA 
and fetal mRNA in maternal plasma or serum. 


History of Fetal Cell Discovery in Maternal Blood 

The existence of fetal cells in maternal circulation was reported 
in 1893 by Schmorl (11), who first described the appearance of 
fetal trophoblasts in the lung of women who died of eclampsia. 
For many years, the existence of fetal cells in maternal blood 
was considered controversial. In 1959, Douglas et al. (12) 
showed circulating trophoblasts in maternal blood, but the 
proof of circulating fetal cells in maternal blood during 
pregnancy was obtained in 1969 from Walknowska et al. (13) 
reporting observations of 46,XY metaphases in a low number 
of maternal blood lymphocytes isolated from women carrying 
a male fetus. 

Despite rising interest, no consensus existed by the mid to 
late 1970s when Herzenberg and colleagues (14) first isolated 
fetal cells from maternal blood using a fluorescence-activated 
cell sorting (FACS) and they assumed the fetal origin of these 
cells for the presence of a paternal allele not present in the 
mother. Other investigators made similar observations until 
the 1990s when the fields have begun to take a more optimistic 
turn with the advent of several new molecular genetic 
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technologies such as fluorescence in situ hybridization (FISH) 
and polymerase chain reaction (PCR). 

For the first time, Bianchi and colleagues (15) identified 
fetal erythroblasts by the detection of Y chromosome 
sequences in male pregnancies after a FACS enrichment and 
PCR analysis. The ability to select the fetal erythroblasts and to 
couple it with FISH using appropriate chromosome-specific 
probes permitted Bianchi and other authors to identify 
fetal aneuploidies (16-18). Later, other successful results 
were obtained using trophoblasts and fetal stem progenitor 
cells (19,20). 

Finally, the discovery of cffDNA by Lo et al. (21) and more 
recently fetal RNA by Poon et al. (22) in maternal plasma 
provided other new perspectives for fetal genotyping exploita- 
tion and placental gene expression, which could have 
diagnostic importance for fetal pathology. 


Fetal Cell Trafficking in Pregnancy 

Although the placenta was traditionally seen as a barrier that 
separate mother and fetus, many studies have demonstrated 
that a variety of fetal cells and cffDNA and mRNA circulate 
into maternal blood throughout pregnancy and that the 
trafficking of this material is a frequent phenomenon 
occurring during every pregnancy (23). It has also been 
observed that the trafficking between the mother and the fetus 
occurs in both directions. The same bidirectional traffic seems 
also to take place with plasma DNA, because maternal DNA 
has been found in cord blood of about 30% of samples 
tested (24). 

The entity of the trafficking of the fetal cells depends by 
many factors such as complicated pregnancies and by the 
modes of releasing them in maternal circulation. This is due to 
their location inside the placenta and, as a result, different cell 
types are released by different modes (25). 


Appearance of Fetal Cells in Maternal Blood 

Data indicate that the timing appearance of fetal trafficking 
into maternal circulation exists (17,26,27). In accordance with 
placental growth, the interface between fetal and maternal 
tissues expands, such that more fetal cells may cross the 
placental barrier in the early stages of gestation. Some studies 
provided evidences that fetal cells are present in the maternal 
circulation in early gestational samples. The existence of 
circulating fetal material was documented by the detection of 
Y chromosome-specific DNA sequences in pregnant women 
bearing male fetuses from 8 to 12 weeks of gestation (28). In 
1995, Thomas and colleagues (29) provided evidence that 
Y DNA fetal cell equivalents from cellular fractions were 
present in peripheral blood of two pregnant women after in 
vitro fertilization program as early as the 5th and 6th weeks of 
gestation, respectively. 


Frequency of Fetal Cells in Maternal Blood 
The major limitation that continues to overwhelm the clinical 
use of fetal cells is their extremely low number into maternal 
circulation, considered not yet sufficient to perform an 
accurate genetic analysis. 

Until now, there is no consensus about the exact number of 
fetal cells circulating in the maternal blood because it depends 
on different factors such as the fetal cell type and the form of 
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cellular enrichment and identification techniques used, the 
weeks of gestation at sampling, and the presence of aneuploid 
pregnancies and/or pregnancy-related disorders. 

Many attempts have been pursued to determine the 
precise number of these cells in order to individuate the 
best target cells for developing noninvasive prenatal testing 
and the best timing for their recovery. Considering their 
extremely low number and the absence of a specific fetal 
cell marker, most research groups have proceeded to apply 
various cellular enrichment procedures before trying to 
identify and count the fetal cells; consequently, only one cell 
category is usually isolated and examined leaving other 
fetal cells uncounted. Besides, it is likely that after a cellular 
enrichment, a large number of these rare fetal cells are lost in 
any case. 

Therefore, few studies have striven to quantify the absolute 
number of all categories of fetal cells without prior enrich- 
ment. Bianchi et al. (30) determined the number of fetal-cell 
DNA equivalents present in the maternal whole blood samples 
using a quantitative PCR method aimed to identify fetal cells 
and Y chromosome-specific sequences as fetal marker. The 
mean number of male fetal-cell DNA found varied from 0.1- 
91 Y-cell equivalents in 16mL of maternal blood with an 
average of 19 Y-cell equivalents. Using a real-time PCR 
analysis, Ariga et al. (31) surveyed 20 pregnant women with 
male fetus during the entire pregnancy and found that the best 
time for recovering fetal cells from maternal circulation is 
between 10 and 12 weeks of gestation. They also reported that 
the level of Y signals was higher in plasma than in cells except 
in these two weeks of gestation where cellular amount of fetal 
material was higher than that in plasma. Other studies 
confirmed these results. In particular, Zhong et al. (32), using 
a novel robust real-time quantitative PCR assay, demonstrated 
that the number of fetal cells ranged approximately from 
0.5 to 2.3 fetal cells/mL of whole blood. All the data, obtained 
without enrichment and using quantitative PCR assays, 
demonstrated that it is possible to isolate approximately 
1 fetal cell/mL of whole maternal blood. 

To actually count cells rather than cell equivalents, another 
strategy was used that was aimed to estimate the total fetal cell 
number by the fetal genetic identification using the FISH or 
primed in situ labeling (PRINS) analyses without enrichment 
procedures. The most important study in this field was 
conducted by Hamada et al. (26) and more recently by Krabchi 
et al. (33). Krabchi visualized and counted fetal nuclei using, as 
fetal marker, the chromosome-specific probes for X and 
Y chromosomes, in pregnancies bearing male fetuses. They 
estimated that the total number of male fetal cells/mL of 
maternal blood varied from two to six cells with a median 
value of 4 fetal cells/mL of maternal blood within a group of 
normal pregnancies using both FISH and PRINS. 

An elevated number of fetal cells in maternal blood have 
been observed in some pregnancy-related disorders and as 
pregnancies affected by fetal trisomies, pre-eclampsia, eclamp- 
sia, intrauterine growth restriction, or polyhydramnios with 
respect to normal pregnancies (25). Several studies have 
suggested that an abnormal structure of the placenta may 
result in an increased fetal cell trafficking to maternal 
circulation. Thus, an alteration of the placental barrier might 
explain this high number. 
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It has been reported that a high number of fetal cells are 
present in maternal blood when the fetus is aneuploid. In two 
consecutive studies, Krabchi and coworkers (34,35) noted a 
significant increase in total number of fetal cells in pregnancies 
carrying aneuploid fetuses. The methodological approach was 
similar to their previous study; the only difference was in the 
use of appropriate chromosome-specific probes in accordance 
with the chromosome to be visualized in the fetal nuclei, and 
aneuploidies were detected when an extra autosomal signal 
was observed. In the case of fetus with trisomy 21, the authors 
found the number of fetal cells three to five times higher than 
that from a normal pregnancy. The range varied from 6 to 32 
fetal cells/mL of whole maternal blood with an average of 
12.87 fetal cells. Similar results were obtained in the second 
study performed by the same group (35) in pregnancies 
affected by fetuses with trisomies 18 and 13. Also if the number 
of fetal trisomic cells was slightly less than those from fetus 
with trisomy 21, it has been observed as an increase of two to 
five times than that in normal pregnancies. 

These studies, designed to detect all categories of fetal cells 
using cell-type-independent markers, such as aneuploidies and 
Y chromosome, have allowed to reach important information 
about the number of cells and the fact that these cells are 
consistently found in the blood of all women either with 
normal or pathologic pregnancies. Therefore, fetal cells can be 
reliably identified using FISH analysis in the diagnosis of fetal 
aneuploidies. 


Enrichment, Identification, and Analysis Techniques 

The absence of specific fetal antigens and the small number of 
fetal cells in maternal blood are the two principal caveats 
limiting their use in noninvasive prenatal diagnosis of fetal 
aneuploidies since the biologic samples to be investigated have 
a wide abundance of maternal cells creating a confounding 
background for genetic analysis. 

For this reason, many attempts have been performed to 
isolate or enrich fetal cell populations by using numerous 
strategies in order to find biologic and antigenic differences 
between the mother and the fetus. 

The most frequently used methods to enrich fetal cells from 
whole maternal blood are constituted by multistep procedures; 
usually the initial step is a density gradient separation followed 
by FACS or magnetic-activated cell sorting (MACS) technol- 
ogies. While the first step is aspecific and allows only to reduce 
the abundance of maternal cells, the second step is specific 
since it is based on an antigen—antibody recognition using 
specific antibodies for a cell category of interest. Other 
technologies used for the enrichment of particular fetal cell 
population are micromanipulation based on morphologic 
nucleated red blood cell (NRBC) identification under micro- 
scopic observation of stained slides (36); ISET (isolation of 
epithelial tumor cells) technology, which allows to isolate 
throphoblasts on the basis of cell size by filtration (37); 
galactose-specific lectin-based enrichment, a method specific 
for isolation of fetal NRBCs, which are rich in cell-surface 
galactose and therefore they can be easily adsorbed to slides 
containing galactose sites (38); and laser microdissection 
and pressure catapulting, which can isolate a cell type discri- 
minating it by morphology, fluorescence, or transfection 
markers (39). 


Since the enrichment methods supply fetal cell samples still 
contaminated by maternal cells, scientific community has 
focused on the research of a specific fetal cell marker for their 
identification. Until now, fetal cell markers widely used are 
fetal hemoglobin, as a protein marker and Y chromosome, as a 
genetic marker. It has been shown that fetal hemoglobin is not 
a particularly relevant marker because it is partially present in 
maternal cells. Fetal cell identification based on Y chromo- 
some by using cytogenetic (FISH) and biomolecular (PCR) 
techniques is an effective approach but it is limited to women 
carrying male fetuses. 

For this reason, non-fetal gender-dependent approaches 
have been studied to distinguish fetal cells from maternal cells. 
Samura and coworkers (40) have experimented a PCR system 
based on analysis of microsatellite marker sequences (short 
tandem repeat), while the research group of Hultén (41) has 
detected differences in the length of telomeres in maternal 
versus fetal cells. The possibility of discriminating fetal and 
maternal cells by using these methodologies could allow the 
selection of fetal cells by the methods of cell isolation described 
above. 

However, the markers used until now have shown to be 
rather unspecific since they are present also on a significant 
subpopulation of maternal blood cells. 

Therefore, until now it is not possible to obtain a pure 
population of fetal cells, and their identification and genetic 
analysis are complicated by the high presence of maternal 
blood cells. 

The genetic analysis of fetal cells has been mainly performed 
by PCR and FISH technologies. FISH can mainly analyze fetal 
gender and aneuploidies while PCR permits analysis of 
mutations in single-gene disorders, as well as fetal gender, 
rhesus blood type, and Mendelian diseases. 

Since Price et al. (17) reported the first case of fetal trisomy 
21 diagnosed by isolation of NRBCs from maternal blood, the 
FISH method has been used for noninvasive prenatal diagnosis 
of fetal aneuploidies, as well as fetal gender. 

However, as long as new technologies for the isolation of pure 
fetal cell population will not be developed, the genetic analysis 
will be always hampered by maternal cell contamination. 


TARGET CELLS FOR NONINVASIVE PRENATAL 
DIAGNOSIS 

Leukocytes 

Fetal leukocytes were the first type of fetal circulating material 
identified and enriched from maternal circulation. Fetal 
leukocytes were isolated by FACS with antibodies against 
paternally derived HLA-A2 antigens, and fetal gender and HLA 
type were successfully predicted (42). Despite these initial 
good results obtained, noninvasive clinical applications were 
considered unfeasible, principally due to the lack of mono- 
clonal antibodies specific to fetal leukocyte antigens. Conse- 
quently, there is the necessity of performing HLA typing of 
both parents prior to flow sorting (1). Further limitation was 
their potential longevity. Some studies have shown that fetal 
leukocytes could persist in maternal blood for a period of up to 
6 years postpartum, creating a state of long-term fetal 
microchimerism (1). This increases the risks of obtaining 
cells from previous pregnancy and therefore produces a 
confounding factor for prenatal diagnosis. 
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Trophoblasts 

Trophoblasts are the first fetal cells that have been documen- 
ted to enter into the maternal circulation at a very early stage of 
gestation, approximately from the 6th week (43). 

Trophoblast invasion involves two types of cells, interstitial 
trophoblasts, and endovascular trophoblasts. The majority of 
circulating trophoblast material is constituted by interstitial 
trophoblasts that are deported passively into the maternal 
circulation by the shedding of syncytial fragments. The release 
of trophoblast material from placental villi is due to an 
apoptotic mechanism of normal turnover of this epithelium. 
Therefore, multinucleated syncytiotrophoblast cells cannot be 
recognized as circulating fetal cells because the structure is not 
as a cell but rather as a fragment of a multinucleated 
syncytium. These syncytial fragments can be detected in the 
uterine vein and peripheral circulation, but their isolation 
appears difficult since they are immediately trapped and 
destroyed by maternal pulmonary circulation as a conse- 
quence of their large size. 

The other and predominant cell type of trophoblasts that 
circulates in the maternal blood is the HLA-G-positive 
uninucleate endovascular trophoblast. The cells, located in 
the lumen of spiral arteries, are in direct contact with maternal 
blood (25,44). 

Since the release of trophoblast material occurs through an 
apoptotic mechanism of the epithelium turnover, a major 
source of cffDNA circulating in maternal blood is possibly of 
trophoblastic origin, and although the quality of this DNA is 
limited (because it is apoptotic), the amount is much higher 
and is suitable for fetal genomic analysis by PCR-related 
methods (45). 

Trophoblasts have been isolated from maternal blood by 
several different methods related to surface antigen expression, 
for example, HLA-G, and cell size and proof of fetal origin 
were accomplished with FISH and PCR-related methods (44). 
However, the use of these cells for noninvasive prenatal 
diagnosis has encountered several difficulties. Common to all 
circulating fetal cells studied until now is their extremely low 
number in maternal blood. This is principally due by the fact 
that multinucleated syncytiotrophoblast cells are rapidly 
cleared by maternal pulmonary circulation (46) and by the 
lack of specific monoclonal antibodies against trophoblast 
surface antigens that allow the isolation of a pure cellular 
fraction without the contamination of maternal cells. 
Furthermore, the syncytiotrophoblast cells are multinucleated 
(2-80 nuclei) and not suitable for chromosomal analysis when 
FISH is used. Another disadvantage of using these cells is the 
extra embryonic origin that could imply a discrepancy 
between fetal and placental karyotypes because trophoblasts 
could exhibit confined chromosomal mosaicism in around 
1% of cases (47). 

However, despite these obstacles, the HLA-G-positive 
uninuclear endovascular trophoblasts appear to be the most 
amenable kind of trophoblast cell type for the purpose of 
noninvasive prenatal diagnosis. The HLA-G antigen recog- 
nized by monoclonal antibody (McAb) G233 is expressed only 
by endovascular trophoblasts, and using this antibody for 
immunocytochemical identification followed by XY-FISH, 
van Wijk et al. (48) demonstrated the presence of these fetal 
cells in maternal blood. Moreover, the same authors 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


established the frequency of these cells on average of about 
one fetal trophoblast expressing HLA-G per mL of maternal 
blood between 9 and 13 weeks of gestation. Furthermore, the 
same isolation and detection procedure has been used for 
prenatal diagnosis of Down syndrome and allowed confirma- 
tion of the presence of a partial hydatidiform mole (49). 
Hawes et al. have also accurately detected a fetal beta- 
globin mutation in trophoblasts present in maternal blood. 
Vona et al. (37) developed a strategy called ISET that is able to 
enrich circulating trophoblasts from maternal blood since they 
are larger than the peripheral blood cells. The isolated cells are 
individually microdissected with a laser microscope and their 
fetal origin was confirmed by genotyping using short tandem 
repeat markers. Furthermore, this method was applied to 
12 pregnant women at risk of having a child affected by spinal 
muscular atrophy and 3 mothers were identified who were 
carrying an affected fetus (50). 

In order to overcome the problem of the low number of 
these cells, Guetta et al. (19) studied the possibility to expand 
in vitro the trophoblasts expressing HLA-G cells in order to 
improve their number and possibly enable metaphase 
chromosome analysis. After sorting, the cells were analyzed 
directly or after culture. The confirmation of fetal origin was 
achieved by XY-FISH in samples of pregnant women carrying 
male fetus predicting fetal gender. The authors reached a 
significant fivefold increase in the yield of fetal cells compared 
with the sample directly analyzed. The gender prediction was 
successful in 93%. This approach might represent an 
important progress in this field. 


Fetal Erythroblasts or NRBCs 
NRBCs are mononuclear and relatively well-differentiated 
cells (51). 

They are abundant in the fetal circulation during early 
pregnancy since they are the first hematopoietic cell lines 
produced during fetal development (52). They have a short life 
span compared with fetal lymphocytes given their limited 
proliferative capacity (53), making them unlikely to persist 
after pregnancy. 

Fetal NRBCs carry a representative complement of fetal 
karyotype without mosaic characteristic, unlike trophoblast 
cells, and are consistently present in maternal blood during 
pregnancy. Kleihauer et al. (54) were the first to describe this 
effect in 1957, by developing a staining procedure specific for 
fetal hemoglobin, and successively Clayton et al. (55) 
confirmed the observation in 1964. However, only in 1990 
Bianchi et al. (15) provided the definitive proof of fetal origin 
of erythroblasts by isolating them from maternal blood and 
enriching them using FACS with antibodies specific for 
transferrin receptor (CD71) and by evidencing the presence 
of male DNA. 

This last discovery was important since in that period it was 
thought that NRBCs were rare in adult peripheral blood (56) 
and consequently the most of erythroblasts present in maternal 
circulation should have been of fetal origin. However, cell 
enrichment systems developed later demonstrated that a large 
population of NRBCs circulate during pregnancy, but most of 
them are of maternal origin (57). This evidence was confirmed 
by others, such as Troeger et al. (58), which using single-cell 
PCR analysis on single micromanipulated NRBCs identified by 
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May-Grunwald—Giemsa staining, demonstrated that only half 
of NRBCs in maternal blood were of fetal origin. 

Nevertheless, the characteristics of NRBCs make them 
particularly suitable for the development of noninvasive 
prenatal diagnostic tests as proved by others, who assessed 
the potential of these cells by using a general setup based on 
enrichment, isolation, and genetic analysis as described above 
for the other cell types. 

From the first isolation and enrichment methods developed 
by Bianchi et al. (15), other methods were designed based on 
density gradient centrifugation and on the presence of specific 
erythroblast surface antigens (17,59,60). These approaches 
based on the presence of specific surface antigens such as 
CD71, CD36 (thrombospondin receptor), and GPA (glyphor- 
in A) allowed fetal NRBC isolation from blood samples of all 
pregnancies and not only from HLA-informative couples, such 
as for the lymphocytes. Among these surface antigens, CD71 
was the most utilized and in particular the research was 
focused on the development of several anti-CD71 monoclonal 
antibodies and on the optimization of protocols for the 
isolation of NRBCs from peripheral maternal blood. An 
attempt was conducted by Alvarez (61), who developed a 
specific erythroblast antibody, named 2F6.3, and compared it 
with a commercial anti-CD71 antibody by using blood 
samples from pregnant women suffering from pregnancy- 
induced hypertension and in a control group of pregnant 
women without clinical features suggesting an increased risk of 
developing pre-eclampsia. They demonstrated that the anti- 
body 2F6.3 succeeded in isolating a significantly higher 
number of erythroblasts with less maternal cell contamination 
than the commercial antibody in both women with 
pregnancy-induced hypertension and the control group. 

More recent strategies of NRBC enrichment were based on 
the adsorption of these cells to slides containing galactose sites 
by galactose-bearing conjugation via soybean agglutinin, a 
galactose-specific lectin (62), and on microfluidic approach 
that consisted of microfluidic chip size—based cell separation 
and a magnetic device for hemoglobin-based cell isolation (63). 

The possibility to enrich fetal NRBCs from maternal blood 
opened new perspectives of genetic analysis for noninvasive 
prenatal diagnosis. The main technologies used for genetic 
analysis were FISH (64) and PCR (65), as for the other cell 
types. Another molecular-cytogenetic approach employed 
with NRBCs was the comparative genomic hybridization (66), 
which allows the analysis of copy number changes (gains/ 
losses) in the DNA content of a given subject by using 
fluorescently labeled DNA in order to detect unbalanced 
chromosome changes. 

The development of all these strategies could improve the 
NRBC utilization in noninvasive prenatal diagnosis, even if 
their genetic analysis shows considerable challenges, given 
their limited number. 

Many attempts have been performed in order to quantify 
fetal erythroblasts present in maternal blood because they are 
considered one of the most suitable target cells for developing 
noninvasive prenatal tests. The first studies performed in order 
to establish the number of fetal erythroblasts in 
maternal blood were carried out by Bianchi et al. (15) and 
Price et al. (17) analyzing flow-sorted erythroblasts on the 
basis of CD71-positive cells and using PCR and FISH 


techniques to identify Y sequences. They obtained a ratio of 
fetal erythroblasts to maternal cells of 1:10’ to 1:10° showing the 
reliability of isolating fetal cells from maternal blood although 
their number was extremely low. Moreover, the study 
conducted by Price et al. gave the first demonstration of the 
feasibility of performing prenatal detection of fetal aneuploidies 
on flow-sorted erythroblasts and chromosome-specific probes. 

However, some recent results revealed that the analysis by 
FISH of fetal erythroblasts enriched from maternal blood 
gave low levels of diagnostic sensitivity due to the inability 
of detecting fetal erythroblasts by this technique. This thesis 
was explained by the demonstration that NRBCs have 
an abnormally dense nucleus with an apoptotic character, 
which renders it impervious to hybridization by FISH 
probes (62). 

This finding did not dissuade the researchers from the study 
of the potential implications of NRBCs in noninvasive prenatal 
diagnosis since many clinical trials have been performed by 
using this kind of cells. 


Hematopoietic Stem Cells and Progenitor Cells 

As the other typologies of circulating fetal cells, hematopoietic 
stem cells and progenitor cells (HSPCs) enter into maternal 
circulation after accidental breakage of the villi, where it is 
supposed are encapsulated, or by conditions that promote 
exposure of the fetal endothelium and subsequent vessel 
breeching (25). 

In reference to phenotype, stem cells express different 
antigenic surface markers, but the antigen mainly expressed in 
several stem cells lineage is the “hematopoietic” CD34 antigen. 
Therefore, hematopoietic CD34+ cells are the most represen- 
tative cells in stem cell population. The CD34+ antigen, an 
integral membrane glycoprotein of 90 to 120 kD, functions as 
a regulator of hematopoietic cell adhesion to stromal cells of 
the hematopoietic microenvironment (67,68). 

First-trimester fetal blood contains a higher frequency of 
hematopoietic CD34+ stem cells and the number circulating 
in fetal blood peaks in the second trimester. Hematopoietic 
CD34+ stem cells together with the mesenchymal stem cells 
represent about 0.4% of circulating cells in fetal blood during 
the first trimester of pregnancy in humans (23). Several 
reports have demonstrated the presence of circulating fetal 
hematopoietic CD34+ stem cells (fetal CD34+ cells) in 
maternal blood during pregnancy. Besides, it has been 
demonstrated that these cells have a clonogenic capacity of 
colony formation, since this type of cell can be induced to 
divide and proliferate in vitro. The clonogenic capacity of 
isolated fetal CD34+ cells from maternal circulation has been 
demonstrated through the formation of typical colonies such 
as fetal colony-forming unit—erythroid (CFU-E), erythroid 
burst-forming units (BFU-E), and granulocyte—erythrocyte— 
megakaryocyte-monocyte colony-forming unit (CFU- 
GEMM) by several authors (6,20,69). For this reason, among 
circulating fetal cells, fetal CD34+ cells appear to be one of the 
most promising candidate cell of fetal origin for noninvasive 
prenatal diagnosis. By this way, it is possible to increase the 
quantity of fetal material, overcoming the scarcity of the cells, 
for a reliable genetic analysis. 

The first attempt to demonstrate the presence of these cells 
and their number in maternal circulation during pregnancy 


60.6 


was done by Hall and Williamsons (70), who developed a 
purification method using an antibody directed against CD34; 
fetal cells were present in a range of 1/4.75 x 10° to 1/6 x 10’ of 
the nucleated cell fraction of maternal blood. Successively, 
Little et al. (6) quantified fetal CD34+ cells present in maternal 
blood of women bearing a male fetus. After a FACS and a 
Y chromosome-specific probe identification, they detected a 
range of 0 to 7 male fetal CD34+ cells in 20 milliliter of 
maternal blood. More recently, other investigators (71,72) 
established the number of these cells by using the MACS 
enrichment approach and the CD34 antibody coupled with the 
FISH analysis and the Y chromosome-specific probe. The 
results of the studies were very promising because they 
confirmed the presence of these cells in maternal blood, also if 
the number was low as that observed for the other categories of 
circulating fetal cells. 

Several groups have conducted studies for identification of 
these cells present in maternal blood and their potential 
expansion. 

The first evidence of feasibility of culturing fetal erythroid 
cells with clonal properties was achieved by Lo et al. (73). They 
demonstrated the selective enhancement of fetal erythroid cells 
with a purity rate of 0.01% to 0.25% after a coculture of male 
fetal liver—derived hematopoietic cells, with a ratio of fetal/ 
maternal cells ranged from 1/400 to 1/9500. 

After this pioneering study, other investigators, using 
different antibodies against fetal clonogenic cells and semisolid 
medium for their expansion, confirmed the capacity of 
expandability of fetal cells isolated from maternal blood. 
Valerio et al. (69) used peripheral blood from pregnant 
women and enriched erythroid cells by MACS coupled with a 
biotin-labeled erythropoietin antibody. They identified 
fetal colonies after cultivation reaching a fetal colony purity 
rate of 18%. 

Later, fetal CD34+ cells in maternal blood were quantified 
in first-trimester samples by Little and colleagues (6). These 
authors studied the frequency of CD34+ cells of fetal origin in 
maternal blood and their in vitro proliferation. After 5 days of 
culture, a slight but significant expansion of fetal cells 
was observed. The number of cultured fetal cells ranged from 
0 to 35 fetal cells in 20 milliliter of maternal blood. The fetal 
origin was confirmed using FISH and probes specific for 
chromosomes X, Y, and 21. 

A further definitive confirmation of the clonogenic potential 
of fetal CD34+ cells was acquired by our group (20). We 
cultured in a semisolid culture medium, unenriched periph- 
eral blood mononuclear cells, and enriched hematopoietic 
CD34+ cells by MACS from maternal blood of women bearing 
male fetus. Cells were then cultured for 14 days and 
frequencies of the expanded fetal cells were established 
by the use of XY-FISH. The numbers of BFU-E/CFU-E and 
CFU-GM colonies obtained by enriched cellular fraction were 
increased by 33 and 16 times respectively to unenriched 
cellular fraction. By FISH, we identified a suitable number of 
male fetal cells and a good fetal/maternal ratio even in normal 
pregnancies. Others studies from Tutschek et al. (74), 
Campagnoli et al. (75), and Guetta et al. (72) have positively 
raised the interest about the prospect of using fetal cell culture 
expansion for genetic testing. They showed, with different 
methodological approach, the successful clonal expansion of 
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fetal cells combining micromanipulation and fluorescent PCR 
or FISH technique alone. In particular, Guetta et al. (72) 
demonstrated a significant 2.4-fold increase in the number of 
fetal cells detected by FISH, after culture with respect to 
samples directly analyzed after CD34+ cell sorting. 

In contrast to these attempts, others have not confirmed the 
potential for generating pure fetal hematopoietic colonies. 
Chen et al. (76) cultured erythroblasts from 16 maternal blood 
samples in a semisolid medium with and without prior 
enrichment by MACS using an erythropoietin antibody. They 
were not able to demonstrate a conclusive fetal colony by PCR 
for either Y-specific sequences or autosomal microsatellite 
markers. 

In the studies of Zimmermann et al. (77) and Manotaya 
et al. (78), the demonstration that maternal blood contains 
fetal clonogenic erythroid cells failed; they were not able to 
expand fetal cells because, after culture, any colonies among 
those isolated and analyzed by PCR and FISH technique were 
of fetal origin. 

Unfortunately, a direct comparison of results among all 
these contrasting studies is not possible principally due to the 
differences in the methods employed for sample processing 
and analysis utilized by different authors. 

Several authors have reported that some types of circulating 
fetal cells, in particular cells with stem cell-like properties, as 
the fetal CD34+ cells, can persist in the maternal circulation 
for decades after delivery, creating a state of long-term fetal 
microchimerism (23,79-81). 

This fact has, to date, limited their use in the development of 
noninvasive testing, as they could still be present in the 
maternal circulation and potentially create a confounding 
factor for prenatal diagnosis. In other words, incorrect 
interpretation of the prenatal tests in parous women could 
be possibly due to circulating fetal cells from previous 
pregnancies. 

Many researchers have focused their attention on this 
observation. Recently, we performed a study to verify whether 
the culture expansion could increase the number of these 
persisting CD34+ cells from previous pregnancies and whether 
their expanded number could interfere with a subsequent 
prenatal diagnosis (82). The results demonstrated that the 
presence of cells from previous pregnancies does not affect 
prenatal fetal diagnosis in current pregnancies. 


Clinical Trials for Detection of Fetal Aneuploidies 

The main advantage of using fetal cells enriched from 
maternal blood with respect to cffDNA is that they potentially 
offer a source of complete fetal genetic material (7) for a 
noninvasive prenatal diagnosis; this is an essential prerequisite 
for genetic diagnosis of the main fetal pathologies, as the fetal 
trisomies, which cannot be easily met via the analysis of 
cffDNA. For this reason, the use of fetal cells appears the only 
way for reaching the goal of the detection of fetal aneuploidies 
in a noninvasive manner. 

Several investigators have developed and pursued strategies 
for detecting fetal aneuploidies within fetal cells isolated 
from maternal blood. For the first time, in the year 1992, 
Elias et al. (18) diagnosed a fetal trisomy 21. One year later 
Ganshirt-Ahlert et al. (83) confirmed the feasibility to 
diagnose fetal aneuploidies on enriched fetal erythroblasts. 
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They correctly diagnosed 5 cases of trisomy 18 and 10 cases of 
trisomy 21. After these first observations, several other 
investigators confirmed this diagnostic approach and also 
demonstrated that it is possible to diagnose several other fetal 
chromosomal disorders as fetal trisomy 13, fetal triploidy, and 
sex chromosome mosaicism. 

Reports of identification of aneuploid fetal cells in 
“clinical” series are present in the scientific literature and 
results varied widely on the consistency with which they may 
be found in maternal blood (Table 1). 

The National Institute of Child Health and Human 
Development Fetal Cell Isolation Study was the first 
prospective multicenter clinical project, started in 1994, with 
the aim of examining the feasibility of using fetal erythroblasts 
from maternal blood for the detection of fetal aneuploi- 
dies (84). The study was performed enrolling 2744 pregnant 
women considered at high risk for fetal aneuploidies. The 
NRBCs were isolated from maternal blood and enriched in 
part by FACS and in part by MACS technology and their 
interphase nuclei were analyzed by FISH using probes specific 
for 13, 18, 21 X, and Y chromosomes. The data of FISH 
analysis were compared with fetal karyotype obtained by 
amniocentesis or CVS. From these findings, it was evident that 
target cell recovery and fetal cell detection were better obtained 
using MACS than FACS technology. Blinded FISH assessment 
of samples from women carrying singleton male fetuses found 
at least one cell with an X and Y signal in 41.4% of cases with a 
false-positive rate in gender detection of 11.1%. The diagnostic 
sensitivity in fetal aneuploidy diagnosis was 74.4%, with a 
false-positive rate ranging between 0.6% and 4.1%. The results 
of this clinical trial were not excellent, since the sensitivity in 
noninvasive prenatal diagnosis of fetal aneuploidies was 
comparable with that of a single marker prenatal serum 
screening. A possible limitation of this study could have been 
multiple processing protocols, which could have affected the 
diagnostic sensitivity in fetal aneuploidy detection. 

Another study, carried out to analyze the potentiality of 
fetal trisomy detection by using fetal NRBCs from maternal 
blood (85), was performed on a large scale by testing a unique 
standardized protocol, overcoming in this way the limitation 
of the previous trial. The authors enrolled 230 pregnant 
women at 10 to 14 weeks of gestation, isolated NRBCs by 


triple-density centrifugation and by anti-CD71 magnetic cell 
sorting and performed FISH analysis for fetal trisomy 
detection. Fetal karyotype was normal in 150 cases and 
abnormal in 80 cases, including 36 cases with trisomy 21. 
From the analysis of the study results, it was evident that the 
cutoff setting was of crucial importance for establishing the 
diagnostic performance of the protocol. In fact, while using a 
21 chromosome-specific probe, three-signal nuclei were 
present in at least 5% of the enriched cells from 61% of the 
trisomy 21 pregnancies and in none of the normal pregnan- 
cies, for a cutoff of 3% of three-signal nuclei, the sensitivity for 
trisomy 21 was 97% with a false-positive rate of 13%. Similar 
values were obtained in trisomies 18 and 13 using the 
appropriate chromosome-specific probe. Therefore, this study 
showed that the examination of fetal NRBCs from maternal 
blood could provide a noninvasive prenatal diagnostic test for 
trisomy 21 with the potential of identifying about 60% of 
affected pregnancies. 

Although the research group of Al-Mufty performed a trial 
using a standardized protocol, it is clear that it did not reach 
optimal results. This fact could be explained by the poor 
efficiency of MACS enrichment protocol. In fact, a study 
carried out by Parano et al. (86) achieved promising results 
employing a novel procedure for NRBCs separation, which 
involved direct micromanipulator isolation of histochemically 
identified fetal hemoglobin—positive nucleated cells to obtain 
fetal NRBCs of high yield and purity. Using this technique, 
followed by cell-by-cell multicolor FISH analysis of purified 
fetal erythroblasts, they were able to detect Down syndrome, 
Klinefelter syndrome, and Patau syndrome, in 33 pregnant 
women. The procedure provided complete concordance with 
the results of amniocentesis. 

The results obtained from this last study were encouraging, 
but clinical trials on large scale using this approach were not 
performed, most probably because this protocol would have 
been too much complex and time consuming to be introduced 
in clinical routine. 

Therefore, until now the relative rarity of fetal NRBCs in 
maternal blood and the difficulty to establish their fetal origin 
remained the two principal problems hindering the successful 
spreading of noninvasive prenatal diagnosis based on fetal cells 
in maternal blood. 


Table 1 Principal Reports Present in the Scientific Literature Focusing on Prenatal Diagnosis of Fetal Abnormalities Using Fetal 


Cells in Maternal Circulation 


Aneuploidies Detection 
Date Author Target cell Methodology diagnosed rate (%) 
1994-2002 Bianchi NRBCs MACS or FACS + FISH Trisomies 13, 18, and 21 74,4 
1999 Al-Mufty NRBCs MACS + FISH Trisomies 13, 18, and 21 60 
2001 Parano NRBCs Direct micromanipulator Trisomies 13, 21, and 100 
isolation of histochemically Klinefelter syndrome 
identified hemoglobin-positive 
nucleated cells + FISH 
2000 Valerio Hematopoietic Double-density gradient Trisomy 18 100 
progenitor cells centrifugation + culture + FISH 
2001 Coata Hematopoietic MACS + culture + FISH Trisomies 18, 21, and 100 
CD34+ cell Klinefelter syndrome 
2006 Di Renzo Hematopoietic MACS + culture + FISH Trisomies 13, 18, and 21 100° 
CD34+ cell 


“Data not published. 
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To test the feasibility of using expanded fetal stem and 
progenitor cells isolated from maternal circulation in clinical 
practice, some researchers performed a study aimed to verify 
their applicability in the detection of fetal trisomies by 
interphase cytogenetic diagnosis. As it occurs for the other 
fetal cell types, detection of aneuploid cells is facilitated by the 
increased number of fetal cells detectable in the mother 
bearing a chromosomally abnormal fetus. 

In several original reports, Valerio et al. (69,87,88) 
demonstrated the practicability to sort fetal hematopoietic 
progenitor cells from the maternal blood of all aneuploid 
pregnancies and successfully expand them in culture. By this 
way, the authors obtained an acceptable fetal cell purity that 
allowed them to diagnose all the cases of aneuploid 


N 


N 
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pregnancies investigated. It was possible to detect six fetal 
trisomy 21, three fetal trisomy 18, and one trisomy 13. Fetal 
trisomies were documented by FISH analysis with appro- 
priate chromosome-specific probes and confirmed by fetal 
karyotype. 

Another study adding possibility of culturing fetal CD34+ 
cells was obtained by our group. We confirmed the feasibility 
of utilizing fetal CD34+ cells isolated from maternal blood 
between 11 and 16 weeks of gestation and before any invasive 
procedures, for the prenatal diagnosis of fetal aneuploi- 
dies (20,71). In the first report we were able to diagnose two 
fetuses with trisomy 21 and we found a considerable number 
of trisomic fetal cells after expansion, with a ratio of 1/34 and 
1/12 between fetal to maternal cells (Fig. 1). In the second 


A 


Figure 1 The figures show fetal nuclei presenting a trisomy 21 indicated by white arrows. In the nuclei, the three red signals represent chromosome 21. 


Figure 2 (A1 and A2) The figures show fetal nuclei presenting a trisomy 18 indicated by white arrows. In the nuclei, the three red signals represent chromosome 


18. (B) The figure shows a metaphase presenting a trisomy 18. 
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study, we correctly detected three fetal trisomies 21, one fetus 
with Klinefelter syndrome and one fetal trisomy 18. For the 
first time, we were able to document the fetal origin of the 
expanded cells in culture by a fetal metaphase of trisomic 
nuclei from the fetus with a trisomy 18 (Fig. 2). 

Since 2006, our group has been performing a clinical trial 
with estimated completion date on 2010. The purpose of this 
study is to validate our developed combined methodology for 
noninvasive prenatal identification of fetal aneuploidies and 
fetal gender with blood samples from pregnant women who 
are scheduled to undergo an amniocentesis or CVS procedure. 
The obtained results are then comparing with those obtained 
by fetal karyotype. The enrollment criteria of pregnant women 
are very strict and include only those women at high risk for 
fetal chromosomal abnormalities, providing written informed 
consent. 

The study design involves the isolation of fetal CD34+ cells 
from maternal blood, the in vitro cell expansion, and FISH 
analysis for recognizing and counting chromosomes 13, 18, 
and 21 and sex chromosomes. 

Our preliminary results, based on the analysis of 500 blood 
samples, have shown a sensibility of 100% for the identifica- 
tion of each studied trisomy, while the specificity have varied 
from 94% and 96% for trisomy 13 and 21 respectively and to 
100% for the trisomy 18. 

In the same context, we evaluated whether the effect of the 
delay in the initial fetal cell enrichment processing of maternal 
blood samples from blood sampling could compromise the 
ability to recover fetal cells. We analyzed 45 maternal blood 
cells after one or more days from blood sampling. 
We observed a significant reduction of the CD34+ cells with 
respect to those samples immediately processed (usually 
within 1 hour). The reduction of these cells was more than 
50% and this was very dangerous for our test because the fetal 
cells of our interest are present in this subset of cells. 
Consequently, we obtained a very low sensibility and specificity 
of the test (less than 90%), with false-positive and false-negative 
results (data not yet published) in the detection of fetal 
trisomies. From this observation, it is essential to process 
immediately the maternal blood samples (within 1 hour from 
the sampling) in order to avoid the loss of fetal cells when we 
have to utilize them for the noninvasive genetic tests. 


CONCLUSION 

Since the demonstration of fetal cells and fetal nucleic acids 
in the maternal circulation, the aim of many research 
laboratories around the world has been to isolate fetal material 
for applying to genetic analysis. Nowadays, we may state that 
fetal nucleic acids can be reliably utilized for rapid gender 
detection (89-91), RhD status (92,93), and some monogenic 
disorders, but the application for the detection of aneuploidies 
although positively attempted (94-96) is still far behind. 
Instead the use of fetal cells and particularly erythropoietic 
stem cells looks as the most promising approach for the 
detection of aneuploidies at least limited to chromosomes 13, 
18, 21, X, and Y, which represent the vast majority of fetal 
chromosomopathies amenable of a meaningful prenatal 
diagnosis. Our studies and our preliminary results are 
positively showing that in this direction we are pretty close 
to offer a reliable noninvasive diagnostic test. 


However, the definitive answer will come when we will be 
able to develop a surface monoclonal antibody toward a fetal 
specific antigen, which will allow us to obtain a population of 
fetal cells free of maternal background to which genetic 
analysis can be applied. 
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61 Recent developments in fetal therapy 


Gihad E. Chalouhi and Yves Ville 


The developments of ultrasound imaging prenatally as well as 
the implementation of ultrasound screening in pregnancy in 
most developed countries lead to an increasing number of 
fetal anomalies to be diagnosed before birth. The issue of fetal 
treatment is raised when the anomaly is diagnosed at an early 
stage and when its natural history suggests that the most likely 
outcome is either perinatal death or severe handicap 
irrespective of pediatric management. The management of 
fetal anomalies is ruled in each country by different laws 
regulating the indications for termination of pregnancy 
(TOP). Since many women wish to carry on with their 
pregnancy and TOP cannot be performed either at all or above 
a certain gestational age, fetal therapy has gradually developed 
since the early 1980s. Fetal therapy or surgery can be 
implemented with the aim to stabilize the effects of the 
anomaly on fetal development or to cure the disease itself (1). 
This might be either by anatomical correction of the 
malformation or by arresting the progression of the disease, 
delaying its definitive repair until after birth (2). 

Only few examples fulfill these criteria (Table 1) (2,3). Since 
most attempts of fetal surgery concern treating rare and severe 
fetal conditions, they carry a large component of medical 
innovation, scientific research, as well as technical prowess, 
which unfortunately sometimes leads to procedure-related 
complications. 

The first invasive fetal intervention began in 1963 with 
Liley (4). It was a blind intrauterine intraperitoneal blood 
transfusion. The evolution of fetal surgery has progressed since 
then with historical surgeries and a countless number of 
animal experiments. Fetal surgery is now a clinical reality (3) 
validated by randomized trials for a number of fetal 
pathologies but remains investigational for many others. The 
concept of fetal surgery is subjected to skepticism due to lack 
of clinical evidence, ethical issues, and public perception (5). 
Clinical trials are ethically challenging and difficult to organize 
and finance. This, however, should be no excuse to address all 
pertaining relevant issues appropriately (6). 


MULTIPLE MONOCHORIONIC PREGNANCIES 

Specific complications related to monochorionicity are 
based on hemodynamic imbalance between the twins, which 
are essentially normal as in twin-to-twin transfusion 
syndrome (TTTS) or in cases with a normal twin and its 
abnormal co-twin with the extreme form of the acardiac 
twin (7). When TTTS develops in the second trimester, the 
natural history leads to intra- or perinatal death in 90% of 
the cases, and up to 50% of the survivors show impaired 
neurologic development as a consequence of the death of 
their co-twin in utero or in the context of extreme 
prematurity. In all cases, intrauterine fetoscopic selective 
occlusion of the vascular anastomoses is attempted on the 


chorionic plate (Fig. 1). In more severe forms where one 
twin is normal and the other shows severely impaired 
development, selective feticide using umbilical cord occlu- 
sion of the affected twin appears to be the safest method to 
protect the normal twin (8-10). 

The technique of selective laser coagulation of placental 
vessels has paved the way for fetal surgery in a minimally 
invasive way for the pregnant woman. Initially performed 
using a 5-mm hysteroscope inserted through a purse-stringed 
hysterotomy after exposure of the uterus with a small 
laparotomy (11), the technique was greatly simplified by a 
minimally invasive percutaneous approach under ultrasound 
guidance and under local or epidural anesthesia that has 
transformed the prognosis of the disease (8,12—-15). An 
endoscope of 1.3 to 2mm in diameter is introduced in a 
3-mm trocar. A Nd:YAG or diode laser fiber is passed 
through the operative channel of the endoscope. It allows 
coagulation of the anastomotic vessels joining the two feto- 
placental circulations (Fig. 2). This technique has been 
developed over 15 years and has proven to be the best first- 
line treatment with the highest degree of evidence, leading 
to survival rates of around 75% with severe morbidity in 
less than 10% of the survivors (9). These results are 
stable through to long-term follow-up and up to the age of 
6 years (16). 

Several techniques for selective feticide of a monochorionic 
fetus have been described and used, including ultrasound- 
guided fetal cord ligation or compression (17), bipolar 
coagulation, laser coagulation, transection with harmonic 
ultrasound scalpel (18), thermocoagulation (19), and radio- 
frequency ablation (20). Bipolar coagulation technique 
remains a gold standard for cord coagulation (21) because of 
the short duration of the surgery, its relative technical 
simplicity, and availability (21). 

Bipolar umbilical cord coagulation is performed using a 
bipolar forceps (2.5-mm diameter). The procedure aims at 
coagulating the cord at placental or abdominal insertions, 
depending on their accessibility. A longitudinal portion of the 
cord is exposed to the bipolar forceps with its jaws 
perpendicular to the cord. After grasping the cord, an initial 
coagulation is performed using 15 W for 15 to 60 seconds. The 
efficacy of the procedure is judged by the appearance of 
echogenic steam bubbles and increased echogenicity of the 
coagulated portion of the cord. In the absence of bubbles, the 
power is increased in 5-W increments up to a maximum of 
50 W. When the appropriate power is obtained, the coagula- 
tion is continued for 1 or 2 minutes, without releasing the 
cord. A second segment of the cord is then systematically 
coagulated following the same procedure. The interruption of 
blood flow in the coagulated cord is checked by ultrasound 
during the procedure. 
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Table 1 Criteria for Fetal Surgery (2,3) 


1 Accurate diagnosis and staging possible, with exclusion of 
associated anomalies 

2 Natural history of the disease is documented, and prognosis 
established 

3 Currently no effective postnatal therapy is available 

4 In utero surgery proven feasible in animal models, reversing 
deleterious effects of the condition 

5 Interventions performed in specialized multidisciplinary fetal 
treatment centers within strict protocols and approval of 
the local ethics committee with informed consent of the 
mother or parents 
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CONGENITAL DIAPHRAGMATIC HERNIA 

Thoracic anomalies are the most illustrative to view fetal 
surgery in both historical and technical perspectives. These 
anomalies have in common to interfere with lung develop- 
ment through the mass effect leading to pulmonary hypoplasia 
that is often lethal when compression develops during the 
second trimester of pregnancy (22). Ultrasound screening in 
the second trimester depicts the majority of these severe 
anomalies at an early stage that is potentially amenable to fetal 
surgery. Thus fetuses with the most severe forms of congenital 
diaphragmatic hernia (CDH) can also benefit from intrauter- 
ine fetal surgery (10). 


Figure 1 Vascular anastomoses between the circulations of the two twins in a monochorionic diamniotic pregnancy complicated: (A) and (C) nonselective 
anastomoses passing under the amniotic membrane; (B) and (D) selective. Laser fiber can be visualized at 12 o’clock in (A) and (B). 


Figure 2 Selective laser coagulation of placental vessels in a twin-to-twin transfusion syndrome. Donor stuck twin in anhydramnios (A, B, C). Vascular 


anastomoses (D, E, F) coagulated with a laser fiber seen at 12 o’clock (D, F). 
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Figure 3 “Plug the lung until it grows” strategy. Fetoscopic access to the fetal trachea (A, B) reaching the carina (C), and inflating a balloon, 1cm above the carina 


(D, E, F). 


CDH of intra-abdominal organs in the thorax, when it is 
not associated with other anomalies, allows survival between 
0% and up to 85% of the cases depending upon the degree of 
lung development. Prenatal evaluation of the volume of the 
contralateral lung has been the subject of continuous research 
for the last 20 years. To date, the simplest evaluation of the 
relative size of the lung mass to the head circumference [lung- 
to-head ratio (LHR)] has the best prognostic value. When 
expressed as a proportion compared with what is expected in a 
normal fetus (observed/expected LHR), this prediction is 
independent of gestational age (23). The presence of the liver 
in the thorax is another independent factor of poor prognosis. 
Fetuses with CDH and LHR < 1 with liver up in the thorax are 
almost certainly destined to die in the perinatal period despite 
advanced neonatal care (24). 

History of fetal CDH surgery begins with pediatric surgeons 
who operated newborns. The initial prenatal approach 
consisted of patch closure of the diaphragmatic defect 
(25,26). Fetal surgery followed the rules of neonatal surgery 
with the aim of curing the defect through very invasive 
modalities for the pregnant woman, including laparotomy, 
hysterotomy, and aggressive tocolysis. Delivery was then 
doomed also to be performed by cesarean section at any 
gestational age, owing to the recent uterine scar, whether the 
child was dead or alive (27). This approach was based on 
successful sheep experimental surgery for 10 years but failed 
20 years later for the very reason that the human uterus is far 
more sensitive to preterm labor triggered by uterine surgery 
than sheep. The natural history of yet another congenital 
malformation, tracheal atresia, showed the rationale for 
palliative intrauterine surgery in CDH. This condition causes 
pulmonary hyperplasia by increasing bronchial pressure 
and the possibility of a temporary obstruction proved 
successful to stimulate the growth of hypoplastic lungs in a 
sheep model (28). 

Tracheal occlusion was first clinically achieved by lapar- 
otomy, hysterotomy, neck dissection, and tracheal clip- 
ping (29) with impressive results on lung growth in a subset 


of fetuses but with a low survival rate. The first percutaneous 
endoluminal occlusion was reported by Quintero et al. (30). 
Unfortunately, the device failed to occlude and the baby died 
in the postnatal period. 

In Europe, a clinical technique via a 3.3-mm percutaneous 
access was developed with balloon removal initially at the 
time of an ex utero intrapartum treatment (EXIT) proce- 
dure (31,32). General anesthesia was used at first but was soon 
replaced by regional and local anesthesia with fetal sedation 
and immobilization. This approach is often referred to as the 
“plug the lung until it grows” strategy (33). This surgery 
consists of accessing the fetal trachea using a 1.2-mm 
endoscope as described in placental surgery (see above) and 
inflating a balloon in the fetal trachea, 1cm above the carina 
(Fig. 3). This is usually performed at 26 to 34 weeks and the 
balloon is removed 8 weeks later. Removal can either be 
performed following the same procedure, be deflated by 
needle puncture under ultrasound guidance or following 
neonatal intubation immediately after birth. Preliminary 
results in over 200 human fetuses with a poor prognosis 
where the expected survival xas around 10%, the observed 
survival was 55% (24). The results depend upon estimated 
fetal LHR to reach 78% for LHR between 0.8 and 1 (34). 
However, although uterine tolerance to endoscopic fetal 
surgery is good, the risk of preterm rupture of the membranes 
in up to 20% before 32 weeks remains a challenge to the 
development of this surgery, which has to address at least two 
other issues: (1) to establish itself through a randomized 
study against postnatal management only. (2) to evaluate 
later intervention in the forms with less severe prospect based 
on LHR> 1 in order to decrease prematurity-related risks. In 
the latter group, a previous randomized study with suboptimal 
design suggested that prenatal management was not beneficial, 
but the suboptimal design significantly biased the result of the 
trial (35). 

Jani et al. (36) recently reported results of 210 severe CHD 
treated with fetal endoscopic tracheal occlusion. They 
concluded that their treatment is associated with a high 
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incidence of preterm premature rupture of fetal membranes 
(PPROM) (16.7% cases) and preterm delivery (30.9% of 
patients delivered before 34 weeks) but a substantial improve- 
ment in survival. Forty-eight percent of infants were 
discharged from the hospital alive. They therefore increased 
survival in severe cases with left-sided CDH from 24.1% 
to 49.1%, and in right-sided CDH from 0% to 35.3% 
(p<0.001) (37). The strongest predictors of survival are 
observed/expected LHR prior to the procedure, the absence of 
PPROM, and gestational age at delivery. 

Although many recent nonrandomized reports of success 
with balloon tracheal occlusion (and release) are promising, 
prenatal therapy should not be widely adopted until a well- 
designed prospective randomized trial demonstrating efficacy 
is performed (38). 

This surgery has also demonstrated that the fetal airways 
were directly accessible to prenatal local administration of 
drugs opening new perspectives for gene therapy in congenital 
severe respiratory diseases such as cystic fibrosis. 


FETAL LOWER URINARY TRACT OBSTRUCTION (39) 
Lower urinary tract obstruction (LUTO) encompasses differ- 
ent malformations of the urethra including posterior urethral 
valves (PUV) (60%), urethral agenesis, and atresia (40%) and 
has a prevalence of around 2/10,000 births. The related 
mortality and morbidity are high and related both to 
progressive renal dysfunction and/or to dysplasia secondary 
to parenchymal compression and pulmonary hypoplasia 
related to oligoanhydramnios in cases with complete urethral 
obstruction. 

Symptomatic fetal treatment should optimally rely on 
vesico-amniotic shunting, as it proved to work in animal 
models. The use of a double pigtail catheter placed into the 
fetal bladder as a temporary therapeutic intervention to allow 
obstructed urine to flow into the amniotic space has met with 
inconsistent success. Anhydramnios often found in LUTO 
presents a technical challenge when placing a vesico-amniotic 
shunt because the distal end of the shunt catheter needs to be 
placed into a pocket of amniotic fluid. Amnioinfusion allows 
to re-expand the amniotic cavity with fluid for successful shunt 
placement. 

Technically, the placement of a vesico-amniotic shunt is 
done under local anesthesia and continuous ultrasound 
guidance. The two-pushrod shunt procedure, which we 
describe here, is the most used technique nowadays. The 
fetal bladder is accessed lateral to the midline below the 
abdominal cord insertion. Doppler is used to localize 
the umbilical arteries and confirm that the trocar will not 
injure them on passage through the abdominal and bladder 
walls. 

First, the trocar is introduced into the amniotic space close 
to the lower fetal abdomen. An adequate pocket of amniotic 
fluid needs to be present in which to drop the distal end of 
the double pigtail catheter on exiting the fetal abdomen. 
As indicated above, an amnioinfusion is done in case of 
anhydramnios or insufficient fluid space. The trocar is then 
inserted into the bladder and positioned into a central 
location. The double pigtail catheter is then completely 
threaded into the trocar sheath. A short push rod is intro- 
duced and used to push the proximal pigtail of the catheter 
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into the bladder. The shorter push rod is then removed 
and a long push rod is gently introduced until it comes in 
contact with the distal tip of the shunt catheter within the 
trocar sheath. The push rod is then held in place while the 
shaft of the trocar sheath is slowly pulled back about 2cm. At 
this point, the trocar sheath should lie just outside the fetal 
abdomen, with the straight segment of the shunt catheter 
traversing the region of abdomen between the bladder and 
amniotic space. The trocar sheath is then tilted to direct it away 
from the insertion site and the long push rod advanced to 
displace the distal pigtail of the catheter into the amniotic 
space (40). 

Although the overall benefit of bladder shunting seems to 
translate into increased survival (OR 2.5; 95% CI, 1.0—5.9; 
p<0.03) especially in the most severe cases (OR 8; 95% CI, 
1.2-52.9; p< 0.03) (41), this hardly translates into improved 
renal function. Several potential explanations have recently 
been identified: 


1. Shunting is performed under local anesthesia to the 
mother as well as fetal analgesia and curarization. 
Shunts most commonly used are 2.5mm in 
diameter and placed through a 3.5mm trocar 
introduced percutaneously into the uterus and into 
the fetal bladder. It is not an easy procedure to 
perform and one-fourth to one-third of shunts get 
displaced. 

2. Shunting should optimally be performed when renal 
function is still normal. The best single parameter 
seems to be beta-2-microglobulin in fetal blood 
since fetal urine analysis and ultrasound assessment 
of the kidneys have a poor predictive value. 

3. The diagnosis of PUV is the only one amenable to 
significant improvement in survival and renal 
function. However, the diagnosis is rightly made 
in only around 60% of the cases in experienced 
hands. 

4. Overall, it is likely that shunting is too often being 
placed to late in the course of the natural history of 
the disease. 


LUTO is yet another example of failed open surgery that has 
been abandoned in the late eighties. The encouraging results 
from meta-analysis on bladder shunting are calling for a 
randomized controlled trial that has been initiated as the 
PLUTO trial (percutaneous shunting in lower urinary tract 
obstruction: www.pluto.bham.ac.uk). Recruitment is slow and 
it is hoped that 200 cases could be included over a 5-year 
period to compare outcomes in fetuses with normal renal 
function and oligohydramnios at less than 26 weeks following 
either early bladder shunting or expectant management in 
utero. 

A recent advance in this respect is in utero cystoscopy (42). 
Ruano et al. (43) recently reported a large series of PUV treated 
with fetal cystoscopy and laser fulguration. They proved it to 
be feasible and suggested that it might prevent renal function 
deterioration. 

The same technique of shunt placement is also used for 
some compressive thoracic processes such as congenital 
hydrothorax or macrocystic congenital cystic adenomatoid 
malformation (CCAM) (40). 
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COMPRESSIVE FETAL PLEURAL EFFUSION AND 
OTHER COMPRESSIVE LUNG MALFORMATIONS 

Fetal pleural effusions have a prevalence of 1/10,000 to 
1/15,000 births. Irrespective of the underlying etiology, around 
one-fifth resolve spontaneously. However, compressive pleural 
effusion that is characterized by either mediastinal shift or 
compression in unilateral and bilateral effusions, respectively, 
is associated with a poor prognosis when it leads to poly- 
hydramnios through esophageal compression and hydrops 
through impaired venous return and cardiac tamponade. 
Indeed, unilateral effusions, with spontaneous resolution and 
absence of hydrops, are associated with 100% survival but 
progressive hydropic cases are associated with less than 50% 
survival. Furthermore, other malformations can be found in 
25% of the cases and prolonged compression during the 
canalicular phase can lead to pulmonary hypoplasia (44,45). 

Although no randomized studies have been published, 
thoracocentesis or thoracoamniotic shunting are likely to 
benefit hydropic cases by increasing survival in hydropic 
fetuses from roughly 40% to over 60% (46-48). This should 
apply at any gestation in order to facilitate neonatal 
resuscitation, even late in the third trimester. For non- 
hydropic fetuses, the benefit of shunting is less clear (49,50). 

The technique is similar to that described for vesico- 
amniotic shunting in this chapter. Fetal anesthesia is 
mandatory and paralysis is optional. Ideally, the trocar should 
be inserted perpendicularly through the fetal chest wall into 
the effusion as close as possible to the mid-axillary line at the 
level of the base of the scapula. This should best prevent active 
removal of the catheter by the fetus. One half of the catheter is 
placed inside the effusion and the other half is left in the 
amniotic cavity. 

In case of bilateral effusions, an attempt to rotate the fetus 
using the trocar loaded with a blunt stylet is made in order to 
avoid a second insertion in the maternal abdomen and uterus. 
The lower the gestational age, the easier this is (51). 

Weekly ultrasound surveillance is recommended following 
shunt insertion. Technical failures are reported in 20% to 25% 
of the cases, including removal by the fetus within days after 
the procedure. Repeating the procedure may be justified in a 
large proportion of cases. 

Macrocystic forms of congenital adenomatoid malfor- 
mations of the lung when they are compressive are often 
associated with hydrops although does not usually develop 
when it is not present at the time of diagnosis. In these hydro- 
pic cases of CCAM, survival is around 25% if untreated, and 
nonrandomized studies suggest that cyst aspiration/shunting 
procedures could improve survival dramatically (52-54). 

Although less frequent in cases of bronchopulmonary 
sequestration (BPS), shunting of the compressive associated 
pleural effusion also seems beneficial (55). In addition, two 
hydropic fetuses with large BPSs have been treated by 
ultrasound-guided Nd:YAG laser ablation of the feeding 
vessels with subsequent resolution of hydrops and delivery 
of healthy infants at term (56). 


MYELOMENINGOCELE 

Intrauterine surgery requesting maternal open surgery has not 
taken off anywhere in the world outside the United States not 
only in view of the poor results of CDH programs but also due 
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to the obvious conflict of interest between the pregnant 
woman and her fetus. This conflict relies largely on the risk of 
severe maternal morbidity in balance with mainly poor 
perinatal outcomes. It is also related to the laws regulating 
TOP for fetal indications in most countries. It is not surprising 
that this technique remains in a country where all forms of 
TOPs cannot be performed after 24 weeks, especially when 
fetal therapy has been initiated. Enrollment of women in 
these fetal surgery programs could be motivated by the 
potential fetal benefit, but the contradictory hope for the loss 
of a severely affected fetus cannot be entirely ruled out. 

This apparent ambiguity is particularly questionable in a 
nonlethal condition such as spina bifida with an often-dismal 
neurologic motor development (57) and little prospect of 
improvements in postnatal management. 

The rationale for in utero intervention is based on the “two- 
hit hypothesis” (58,59) that states that primary congenital 
abnormalities in anatomic development allow a relatively 
normal spinal cord to become secondarily damaged by 
amniotic fluid exposure, direct trauma, hydrodynamic pres- 
sure, or a combination of these factors. It is this secondary 
damage that may be ameliorated by early fetal surgical 
repair (60). 

The National Institute of Child Health and Human 
Development decided to sponsor the Management Of 
Myelomeningocele Study (MOMS) trial, which involves three 
clinical centers: the Children’s Hospital of Philadelphia, 
Philadelphia, Pennsylvania; the University of California at 
San Francisco, San Francisco, California; and Vanderbilt 
University Medical Center, Nashville, Tennessee (61). The 
future of open fetal surgery is therefore largely dependent 
upon the results of this unblinded randomized controlled trial 
(www.spinabifidamoms.com). This is evaluating the benefits 
of palliative intrauterine surgery covering the neural tube 
defect in order to protect the nerves from amniotic fluid 
detrimental effects (62). 

Preliminary studies suggested that fetal surgery results in 
reversal of hindbrain herniation (the Arnold—Chiari malfor- 
mation), a decrease in shunt-dependent hydrocephalus, and 
possibly improvement in leg function, but these findings 
might be explained by selection bias and changing manage- 
ment indications. The current study is experiencing difficulties 
to recruit patients due to the alternative of TOP but suggests 
that maternal morbidity can be safely handled. However, this 
study is somehow challenging several ethical principles 
including the confusion between evaluation and direct benefit 
when advertising for the study and therefore influencing 
the emotional component of the women’s decision to 
participate (63). If the “MOMS?” trial demonstrates a decreased 
morbidity in survivors, open fetal surgery will inevitably be put 
back on the European agenda. 

In brief, this fetal surgery is performed between 19 and 
25 weeks of gestation. In the operating room, after laparotomy 
and hysterotomy, the fetus is positioned with the myelome- 
ningocele (MMC) lesion visible through the uterine incision. 
The cystic membrane of the MMC is carefully excised and the 
attachments of the meninges to the skin and soft tissues are 
detached. If possible, native dura alone is closed over the spinal 
cord as a first layer, followed by closure of paraspinal 
myofascial flaps, and then the skin surrounding the lesion is 
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carefully mobilized and closed over to complete the repair. 
When the skin cannot be closed primarily, acellular human 
dermis graft can be used to complete the closure (60). 

As an unanticipated side effect, the MOMS trial apparently 
slowed down the clinical development of minimally invasive 
techniques to perform this operation in the United States (3). 
Nevertheless, endoscopic coverage of the defect is currently 
explored by several teams, experimentally and also clini- 
cally (64,65). 


CRITICAL AORTIC AND PULMONARY STENOSIS 
Severe and complex cardiac malformations are among the 
most difficult situations to handle antenatally in making the 
diagnosis, in assessing the prognosis, and in the perspective of 
continuing the pregnancy with the prospect of difficult and 
often multiple surgical interventions that often lead to 
palliative care. 

Left or right heart hypoplasias are currently associated with 
a 60% survival rate at 5 years with mostly univentricular 
cardiac function. A well-recognized common pathway leading 
to these conditions is the critical stenosis of the aorta or the 
pulmonary artery respectively. Although postnatal dilatation 
of the stenotic vessel improves the prognosis, the hypoplastic 
ventricle remains nonfunctional and a univentricular cardiac 
function is the rule. The hypoplasia-related hypertrophy of the 
affected ventricle alters the coronary circulation and pulmon- 
ary venous return, weighing heavily on the overall prognosis. 
The first attempt to catheterize a fetal critical aortic stenosis 
dates back to 1991. Since then, around 30 cases have been 
reported with much heterogeneity in the case-selection 
process as well as in their management and success rates 
(66,67). All procedures were performed no sooner than early 
third trimester, which is probably too late in the natural 
history of most cases but is the result of a technical 
compromise that is required to access the affected vessel and 
to keep procedure-related mortality and morbidity to an 
acceptable level (68). 

Pulmonaty or aortic valve perforation or dilation can be 
performed under local or general maternal anesthesia. The 
latter performed with inhalational agents promotes uterine 
relaxation and facilitates fetal manipulation for positioning. 
The fetus is premedicated with intramuscularly administered 
analgesics and curarization. Under continuous ultrasound 
guidance, manual version is performed to optimize the fetal 
position. If the optimal position is not achieved or imaging is 
inadequate, some authors perform a limited maternal 
laparotomy without uterine exteriorization or incision (69). 
The right ventricle (RV) or left ventricle (LV) outflow tract is 
accessed through direct puncture, by using a 19-gauge ultra- 
thin-walled cannula. With the cannula tip in the RV or LV 
outflow tract, the atretic valve is perforated with the stylet of a 
19-gauge cannula. A 0.014-inch floppy-tipped guidewire is 
then positioned, and a coronary angioplasty balloon is inflated 
across the valve. After the final balloon deflation, the wire, 
balloon, and cannula are removed. Color Doppler ultrasound 
flow imaging demonstrates the success of the valvuloplasty 
with an antegrade jet of flow across the patent valve. 

This form of minimally invasive surgery is however 
questioning the issue of the learning process inasmuch as that 
of defining clear and indisputable indications (69). Answers 
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should ideally be reached through an exemplary collaboration 
between fetal medicine specialists and interventional pediatric 
cardiologists. This would ensure appropriate fetal access as 
well as adapted pediatric follow-up within an optimally run 
specialized perinatal network. Rather than await a proliferation 
of such procedures at centers that are unlikely to amass a 
critical volume of experience to ensure clinical competence, a 
prospective multicenter trial should be considered to address 
the nuances of technical performance of the procedure, to 
evaluate the short- and midterm results, and to compare these 
results with those of children undergoing various forms of 
palliation for hypoplastic left heart syndrome (70). Moreover, 
the perceived benefits of prenatal treatment have to be weighed 
against steadily improving postnatal surgical and hybrid 
procedures, which have been shown to reduce morbidity 
and mortality for these complex heart defects (71). 

Furthermore, criteria to define a successful intrauterine 
procedure are still unclear: permeability demonstrated by 
Doppler flow through the valve is an immediate but 
incomplete one that hides somehow the significant periopera- 
tive short- and mid-term mortality and morbidity. Less than 
30% of the cases reported to date following critical aortic 
stenosis dilatation in utero have a biventricular cardiac 
function. However, owing to the high incidence of TOP 
following prenatal diagnosis of these conditions, comparative 
studies are going to be difficult to set. 


EXIT PROCEDURES 

The EXIT procedure can somehow be considered as a fetal 
surgery. It is a procedure performed while the baby is still on 
placental support. Initially described in 1997 for the reversal of 
tracheal occlusion at the time of delivery in fetuses that had 
undergone in utero tracheal occlusion for severe CDH (72,73), 
its use has expanded to convert an emergent crisis (airway 
obstruction mainly) into a controlled situation (74). Its 
indications include now not only fetal neck masses, congenital 
high airway obstruction but also large thoracic lesions, 
CDH, conjoined twins, unilateral pulmonary agenesis, and 
cardiac lesions where neonatal resuscitation may be compro- 
mised (75-78). 

In brief, a multidisciplinary team is implicated in an EXIT 
procedure (pediatric surgeons, obstetrician, neonatologist, 
anesthesiologist, and nurses). 

In the EXIT procedure (74), high concentrations of 
inhalational anesthetics and additional tocolytics, if necessary, 
are used to provide uterine relaxation and preserve placental 
perfusion. The time between induction of anesthesia and cord 
clamping is kept as long as it is clinically required. A low 
transverse maternal laparotomy incision is performed allowing 
a quick assessment of placental position with a sterile 
intraoperative ultrasound. While one assistant stabilizes fetal 
position, hysterotomy is performed. Only the fetal head and 
upper torso are delivered through the hysterotomy in order to 
maintain uterine volume. Amniotic fluid volume is main- 
tained with the infusion of warm Ringer’s lactate. Fetal well- 
being is continuously monitored by a pulse oximeter and by 
continuous echocardiography. Fetal venous access can be 
obtained with a peripheral intravenous line for fetal volume 
loading or drug administration. The procedures that can be 
performed on the fetus during EXIT range from direct 
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laryngoscopy, rigid bronchoscopy, tracheostomy to secure the 
fetal airway, to resections of neck masses and thoracic masses, 
to the placement of extracorporeal membrane circulation 
cannulas. Prior to clamping of the umbilical cord and delivery 
of the baby, communication between the surgical and 
anesthesia teams is essential to prevent uterine atony and 
excessive maternal hemorrhage. The inhalational agent is 
decreased and oxytocic bolus followed by a continuous 
infusion is administered and titrated to uterine tone, and 
the umbilical cord is then clamped and divided and the 
newborn taken to a separate operating room for further 
management. 


OPEN FETAL SURGERY 

CCAM, bronchopulmonary sequestration (BPS), and sacro- 
coccygeal teratoma (SCT) are most frequently benign lesions 
managed expectantly during the prenatal follow-up. At 
present, the development of early fetal hydrops is considered 
by some authors to be the only criterion for fetal open surgery, 
because it is a predictor of extremely poor prognosis (55). For 
the fetus with a life-threatening malformation, the risk of the 
procedure is small when compared with the potential benefit 
of salvage. The risks and benefits for the mother are more 
difficult to assess. We provide in the following a general 
description of open fetal surgery as described by Adzick (79). 

Patients are admitted immediately prior to the operation for 
obstetric monitoring and initiation of tocolysis. Indomethacin 
and antibiotics are given preoperatively. Maternal general and 
epidural anesthesia provides anesthesia for the mother and the 
fetus and ensures good uterine relaxation. The uterus is 
exposed through a low transverse abdominal incision. Sterile 
intraoperative ultrasound is used to delineate the fetal position 
and placental location. The position and orientation of the 
hysterotomy is planned to stay parallel to, and at least 6cm 
from, the placental edge and still allow exposure of the 
appropriate part of the fetus. For the fetal portion of the 
procedure, the fetus is positioned with the appropriate fetal 
anatomy visible through the uterine incision. Intraoperative 
fetal monitoring is provided by a miniaturized pulse oximeter 
and continuous intraoperative fetal echocardiography. The 
fetus is kept warm in the uterus by the continuous 
administration of 38-40°C Ringer’s lactate solution. A fetal 
intravenous line is placed for infusion of fluid, blood, and/or 
medications. After the fetal procedure, a watertight two-layer 
uterine closure is performed with double-armed full-thickness 
0 PDS interrupted stay sutures followed by a running 2-0 PDS 
suture. Approximately 400mL of warmed Ringer’s lactate 
containing 500mg of oxacillin is instilled into the amniotic 
cavity just prior to completing the running layer and is 
continued until sonography shows an adequate amniotic fluid 
volume (79). 

In SCTs, open fetal resection of predominantly extra-pelvic 
tumors has been reported in five cases (80). Mean age at birth 
was 30 weeks and four survived long term. There is also 
anecdotal experience of less invasive techniques, arresting flow 
in feeding vessels either by fetoscopic laser (81), interstitial 
thermocoagulation (82), or radiofrequency ablation (83). 
Needle-guided intravascular embolization with alcohol or 
histoacryl or coils has been reported, but without measurable 
success (84). 
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FETAL ANALGESIA 

The issue of fetal analgesia touches on the surgical approach 
itself as much as the “primum non nocere” principle (85). It is 
well established that very preterm neonates experience pain, 
and related autonomous neural connections are operating 
from around 22 weeks of gestation. It is therefore important 
and beneficial that any directly invasive fetal procedure be 
preceded by appropriate fetal analgesia (86). Sufentanyl is the 
drug of choice and can be administered under ultrasound 
guidance either intravascular in the umbilical cord or 
intramuscular. Dose regimens are established in relation to 
fetal estimated weight. This should be considered indepen- 
dently of curarization that can be requested for technical 
considerations but is totally ineffective in relieving fetal pain or 
awareness in these situations (87). 
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INTRODUCTION 

Invasive prenatal diagnosis methods have gradually seen their 
importance grow to advances in embryo-fetal medicine, 
ultrasound imaging, cytogenetic analysis, and molecular 
biology. Such progress has deeply impacted reproduction 
behavior for couples at high risk for genetic pathologies. 

Information from such methods can reassure couples 
carrying a pregnancy or, in cases of a positive diagnosis, put 
the couple in a position to achieve the most appropriate 
decision, including voluntary pregnancy interruption, fetal 
therapies, delivery timing and method, and postnatal inter- 
ventions. 

The most widespread invasive techniques employed in 
prenatal diagnosis centers are chorionic villus sampling (CVS), 
amniocentesis, and cordocentesis. Each of the techniques has 
its own advantages and disadvantages, including a miscarriage 
risk. This risk is related to operator expertise, the method itself, 
the equipment employed, the sampled quantity, the gesta- 
tional age at sampling, and maternal age (1-5). 


HISTORICAL ASPECTS OF CVS 
Research studies of the 1960s and 1970s showed that the 
chorion could be biopsied through a catheter and that enough 
placental cells could be obtained so as to allow specific genetic 
analyses to be done earlier in pregnancy than through 
amniocentesis. In 1968, in Scandinavia, Mohr made the first 
attempts of early antenatal genetic diagnosis using sampled 
chorionic villi (6). He performed a transcervical biopsy of the 
chorion under direct endoscopic visualization using a straight 
6-mm diameter fiber optic device and a sharp blade. The 
sample was often mixed with amniotic membranes and blood, 
but it was suitable for chromosomal analysis. Despite his report 
of a 96% success rate in obtaining chorionic material, this 
approach was abandoned because of an unacceptably high 
miscarriage rate and the difficulty in growing chorionic villi 
cells. Later, fetal chromosome analysis from transcervical 
placental biopsy prior to termination in early pregnancies was 
reported by Kullander and Sandahl in 1973 and Hahnemann in 
1974 (7,8). In 1975, researchers at the Tietung Hospital in 
Anshan, China, announced the first successful prenatal 
diagnostic use of CVS. In an essentially blind approach, the 
CVS was performed through transcervical aspiration using a 
3-mm metal cannula. After its insertion, when soft resistance 
was encountered, a smaller internal tube was further advanced, 
and placental material was acquired by syringe suction. Fetal 
sex was established from chorionic villi cells in early pregnancy 
according to the presence or absence of sex chromatin (the Barr 
body) for the purpose of sex preselection. Prenatal losses and 
spontaneous abortion occurred in 4% to 5% of the cases (9). 
Many researchers attempted to sample chorionic villi 
under endoscopic visualization for first-trimester antenatal 


diagnosis, but it was the arrival of real-time ultrasound 
and the advancement in molecular genetics that rekindled the 
desire for earlier and safer antenatal diagnosis of genetic 
diseases. 

In 1980, for the first time reported in the literature, Kazy 
et al. described using ultrasound guidance during chorion 
sampling (10). Adopting either an endoscopic or an ultra- 
sound-guided approach, they performed fetal sexing and 
biochemical analyses on chorion tissue biopsied at 6 to 
12 weeks of gestation. Instead of cannulas, they used biopsy 
forceps. 

Improved methods for culturing fibroblasts from tropho- 
blast villi were reported by Niazi et al. in 1981 at the St. Mary’s 
Hospital, London (11). 

Old et al., from Great Britain, announced using real- 
time ultrasound and a 1.5-mm biopsy instrument for CVS 
for diagnosing hemoglobinopathies through molecular 
methods (12). 

In 1983, Ward in London carried out transcervical 
chorionic sampling with ultrasonic guidance applying a 
1.5-mm soft polyethylene catheter and syringe suction (13). 
His group declared a sampling success rate of 67%, including 
seven patients for hemoglobinopathy diagnosis through 
molecular methods. 

The success rate of obtaining chorionic material rose from 
75% to 96% under ultrasonic guidance, as was demonstrated 
by Brambati et al. in Milan in 1983. Brambati used a 1.5-mm 
polyethylene tube with a soft, stainless-steel, malleable 
obturator inserted into the 1-mm internal barrel. For many 
years, this device has been the most common design in 
use (14,15). 

Other researchers, such as Dumez in Paris, used a 2-mm 
rigid biopsy forceps (16). 

In 1983, Simoni et al. in Milan described a technique from 
first-trimester chorionic villi that could be used for direct 
chromosome preparation and karyotyping as well as for 
enzyme analyses without needing preliminary culture (17). 
Chorionic villi were obtained by aspiration or through biopsy 
from the chorion frondosum, at the edge of the placental disk. 
With the technique they proposed, in the freshly sampled 
villus, the inner cytotrophoblast layer (containing actively 
mitotic cells) could be separated from the outer syncytio- 
trophoblast cells. All analyses could be performed from these 
fresh whole villi. 

In 1984, transabdominal fine-needle villus aspiration under 
ultrasound guidance was introduced by Smidt-Jensen and 
Hahnemann in Copenhagen (18). They registered consider- 
able success in acquiring samples at the first attempt, thus 
preventing further infective complications and pregnancy loss. 

CVS has achieved significant improvements since then, 
including perfecting the instruments so that they are relatively 
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easy to manipulate. In addition to advancements in sample 
acquisition, laboratory techniques have evolved, including 
those for direct karyotyping, tissue culture, and molecular and 
biochemical assays of chorionic villi. 

The transabdominal approach instantly proved easy to 
learn and relatively safe. While it registered a higher detection 
rate, it also guaranteed comfort and privacy to the women 
undergoing the procedure. It could be practiced at any 
gestational age, thus spreading quickly in many centers and 
becoming today the most popular approach of chorion 
sampling. One particular advantage of CVS is the possibility 
of performing the procedure very early in pregnancy, starting 
from the 6th week (although it is generally recommended 
from the 10th to 12th week). In this way, it is a method that 
is highly accepted by couples and one apt to diminish 
physical and psychologic issues related to late diagnosis and 
eventual voluntary pregnancy interruption due to genetic 
diseases (19). 


INDICATIONS 

CVS was initially applied for fetal sexing and prenatal 
diagnosis of hemoglobinopathies by DNA analysis. However, 
since then, cytogenetics and DNA analysis techniques have 
shown serious advances and broadened the number and types 
of genetic conditions detectable in the antenatal period. As a 
consequence, the demand for CVS in first-trimester prenatal 
diagnosis is accordingly making a steady increase. 

At present, the primary indications of CVS are chromoso- 
mal studies, DNA analysis of genetic disorders, and 
the prenatal diagnosis of inborn errors of metabolism 
(Table 1). 

Regarding chromosomal studies, CVS is primarily indicated 
for advanced maternal age (35 years or more), a previous 
pregnancy with a chromosomal abnormality, a previous 
pregnancy with multiple anomalies, X-linked diseases, parents 
with balanced chromosome rearrangements (translocations 
and inversions), parents with aneuploidies, a past history of 
recurrent miscarriages, an abnormal ultrasound scan, and 
oligo—anhydramnios. 

It should be noted that the demand for CVS is greater than 
ever now that first-trimester screening methods for the 
detection of fetal chromosomal anomalies are developing. As 
a matter of fact, the risk for fetal aneuploidies related to 
advanced maternal age remains a common indication for CVS, 
but the CVS indication has expanded to be employed for 


Table 1 Main Indications for Chorionic Villus Sampling 


Advanced maternal age 

Positive ultrasound and biochemistry first-trimester aneuploidy 
screening 

Parents with chromosomal anomalies 

Previous child with chromosomal anomaly 

Previous child with plurimalformations 

High risk of single-gene disorders 

Oligo/anhydramnios 

Fetal anomalies detected by ultrasound 

X-linked diseases 

Inborn errors of metabolism 

Infectious diseases 
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quickly confirming an abnormal karyotype in the first- 
trimester fetus if a chromosomal abnormality has been 
suggested by ultrasound and/or biochemical screening. In 
the last 20 years, the screening of women for fetal Down 
syndrome has progressed to the evolution of numerous 
proficient and complex screening strategies that provide the 
advantages of allowing both superior detection and lower 
false-positive rates at earlier gestational ages. First-trimester 
risk assessment of chromosomal defects by the ultrasound 
measurement of fetal nuchal translucency and the evaluation 
of the nasal bone (Fig. 1), combined with a biochemical test 
(pregnancy-associated plasma protein-A, free beta human 
chorionic gonadotropin), reach a very high detection rate at 
more than 90% (20-26). Therefore, the choice that patients 
make should be based on the risk that screening tests generate 
and not on their age alone (27,28). 

In a report in January 2007, “Screening for chromosomal 
abnormalities,” the American College of Obstetricians and 
Gynecologists (ACOG) Practice Bulletin advised new guide- 
lines that seek to offer risk evaluation and invasive genetic 
diagnosis of fetal karyotype to all pregnant women requiring 
prenatal care before 20 weeks of gestation, regardless of 
maternal age (29). Among such less common indications for 
fetal karyotyping are maternal anxiety, polyabortivity, and 
assisted reproductive techniques by intracytoplasmic sperm 
injection (30). 

The DNA-based diagnoses of single-gene disorders such as 
cystic fibrosis, hemophilia, muscular dystrophy, and hemo- 
globinopathies form a group that is expanding with the 
advance of technology and knowledge of the human genome. 
About 1% of live births is affected by single-gene disorders, 
which may be autosomal recessive, autosomal dominant, or 
X-linked recessive. They imply a high risk of recurrence and 
are often inadequately treated so that prenatal diagnosis with 
termination of affected pregnancies is a significant option for 
couples at risk. 

The purpose for prenatal diagnosis of genetic disorders is to 
determine the carrier status in order to help with genetic 
counseling of at-risk couples. Most carrier recognition and 
genetic counseling are retrospective, that is, after the birth of 
an affected child. Nonetheless, several programs related to 


Figure 1 Fetal facial profile at 11 weeks: absent nasal bone. 
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carrier screening have been launched for populations known 
to be at risk for specific disorders, as is the case of beta- 
thalassemia in the Mediterranean area. Beta-thalassemia is the 
most common single-gene disorder among Italians, where 
13% of the people on the Sardinia Island are healthy carriers. 
Ongoing programs of screening have proved quite effective, 
and they have resulted in a noticeable decline in the incidence 
of thalassemia major. Screening programs for Sardinians are 
based on carrier detection by employing hematologic 
methods, and genetic diagnoses can be made by identifying 
specific mutations through DNA analysis in carrier couples. In 
this way, prenatal diagnosis can be accomplished by mutation 
analysis on PCR-amplified DNA from chorionic villi (31). 
Because of advances in molecular techniques, the number of 
single-gene disorders offered for wide-based population 
screening will undoubtedly grow. 

Ultrasound screening of Down syndrome in the first 
trimester of gestation may sometimes reveal several fetal 
abnormalities. Holoprosencephaly, omphalocele, cystic hygro- 
ma, diaphragmatic hernia, and megacystis are widely recog- 
nized features either of aneuploidies or of certain syndromes. 
When these are detected in the first trimester, taking 
advantage of CVS can prompt fetal karyotyping or defini- 
tive DNA studies (32). 

The inborn errors of metabolism form a vast group of 
disorders that are individually rare, yet all together embody a 
major source of human disease and suffering. The majority of 
these are caused by defects in single genes responsible for 
encoding enzymes that facilitate conversion of various 
substrates into different products. Usually, the basis of the 
problems is the accumulation of substances that are noxious or 
hamper the normal function as well as the effects of inability to 
synthesize essential compounds. The basic biochemical 
defect has been so far identified in more than 300 different 
inborn errors of metabolism. The greater part of these 
conditions are indeed rare and new prenatal diagnosis 
methods for specific disorders are continually being presented; 
therefore, it is recommended to check with a specialist referral 
center on the current availability and preferred prenatal 
diagnosis method. Usually, family history of the disorder with 
a well-established primary diagnosis in the index case is the 
indication for prenatal diagnosis but in some cases ultrasound 
recognizable fetal features may also prompt the prenatal 
diagnosis. 

Sometimes, the chorion tissue must undergo various 
preparations because more than one analysis is required. 
Taking into account that chromosome abnormalities are 
discovered in approximately 1 in 156 live births, and in about 
50% of first-trimester spontaneously aborted fetuses, fetal 
chromosome investigations are an important matter. How- 
ever, there are cases in which the villi are sampled for other 
indications (33). As a matter of fact, fetal karyotyping is 
quite often necessary in addition to the most significant test, 
even in the absence of specific indications for chromosomal 
analysis. 

Fetal HLA typing could likewise be done in pregnancies of 
couples at high risk of diseases amenable of treatment by stem 
cell transplantation, as with beta-thalassemia. In some cases, 
an alternative to pregnancy termination in the case of an 
affected fetus could be the prospect of bone marrow 
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transplantation with an HLA well-matched sibling (34). 
By CVS, certain congenital infections can be detected 
such as rubella, toxoplasmosis, cytomegalovirus, and parvo- 
virus (35-37). 

Practicing CVS by any means should be a choice contingent 
on the possible benefits overcoming risks linked to the 
procedure. 


COUNSELING 

Before any CVS procedure, adequate genetic counseling is 
mandatory in order to inform the couple about prognosis, 
treatment, possible outcomes, complications, and recurrence 
risks associated with the genetic disease under investigation. In 
particular, the geneticist or obstetrician should detail advan- 
tages and disadvantages in terms of risks associated with the 
procedure itself, with mention of the abortivity measured in 
the prenatal diagnosis center providing the care and the one 
reported in the literature. Information should be included on 
diagnostic accuracy (ie., false positives, false negatives, and 
misdiagnoses), timeline of diagnostic response, gestational age 
at sampling, success and fail rate of sampling, and all other 
possible complications. Consent, preferably written, will be 
given by a woman only after comprehensive, informative, and 
nondirective counseling. 


SAMPLING PROCEDURE 

Performing CVS must always be under direct ultrasound 
visualization through the vagina and the cervix (transcervical, 
TC-CVS), through the vagina only (transvaginal, TV-CVS), or 
through the maternal abdomen (transabdominal, TA-CVS) 
(Table 2). 


Transcervical Route 

A Chinese group reported success of fetal sexing achieved by 
transcervical withdrawal of chorionic villi, and this encouraged 
the development of a number catheters or cannulas for 
transcervical insertion, all different in material (silver or 
polypropylene), flexibility, and handling. The instruments 
employed have gone through variations and there have been 
alternative methods of obtaining villi; currently, the most 
common are under transabdominal ultrasound guidance by 
means of aspiration, by either a cannula or a catheter, and by 
means of rigid biopsy forceps (38). 

For the transcervical procedure, the woman is set in the 
lithotomy position with comfortable leg supports. The 
woman’s vulva, perineum, and vagina are cleansed with an 
antiseptic solution. A sterile speculum (or valve) is inserted 
into the vagina and opened, and the cervix is swabbed with the 
same solution. With the speculum in situ, the course of the 
cervical canal and a more detailed location in the sagittal and 
transverse view of the uterus is achieved. During the 
procedure, the assistant (or the operator himself) takes care 


Table 2 Chorionic Sampling Approach Under Ultrasound 
Guidance 


Transcervical Chorionic Villus Sampling TC-CVS 
Transvaginal Chorionic Villus Sampling TV-CVS 
Transabdominal Chorionic Villus Sampling TA-CVS 
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Figure 2 Transcervical chorionic villi sampling. 


to establish the placental site and its relation to the cervical 
canal, so as to guide the instrument toward the site of 
sampling. Sometimes it is necessary to use a tenaculum or a 
vulsellum for steadying the cervix and passing through the 
cervical canal. 

The aspiration technique represents maybe the most 
common method of TC-CVS (Fig. 2). It is carried out using 
a 1.5-mm (16-gauge) cannula of polyethylene with a 1-mm 
malleable stainless-steel or malleable stylet. To facilitate the 
transcervical passage into the uterus, the distal 3 to 5cm of the 
cannula is slightly curved. The cannula must be passed 
through the cervix without touching the vaginal walls, and 
sometimes it is required to steady the cervix until any loss of 
resistance is perceived at the internal os. The cannula tip is 
visualized at this point by real-time ultrasound and is 
advanced under direct visualization into the chorion frondo- 
sum. The cannula is positioned parallel to the axis of the 
developing placenta and advanced almost to its distal end. The 
metallic obturator (stylet) is then removed, and a 20-ml 
syringe containing 5ml of growth medium with heparin is 
attached to the end of the cannula. Chorionic villi are finally 
aspirated by applying negative pressure with the syringe while 
moving the catheter several times through the placenta in the 
longitudinal axis. The cannula and the attached syringe are 
then withdrawn. The syringe is to maintain suction through- 
out sampling and the withdrawal of the catheter to favor villi 
removal (14). 

For sampling with rigid forceps, the woman should be in the 
same lithotomy position. After thorough local cleaning and 
accurate ultrasound evaluation, the forceps are introduced 
under direct transabdominal ultrasound monitoring. They are 
then gently directed to the sampling site, away from the 
choriodecidual junctions and margins of the chorionic plate 
(Fig. 3). The diameter of the forceps is only 2mm, so care must 
be taken to constantly visualize the forceps tip, the chorionic 
plate, and the amniotic sac in order to avoid creating a false 
passage. Once the site is reached, the sampling itself is performed 
by opening the jaws and advancing the forceps further into the 
placenta. They are then closed, and the forceps are slowly 
withdrawn. Chorion biopsy can be performed using a number of 
different forceps devices (15). In Europe, a 2-mm straight rigid 
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Figure 3 Chorionic villi sampling by rigid forceps. 


forceps (Storz) and a thin-gauged transcervical round-tip steel 
biopsy forceps with a curved shank (snake forceps, 1.9mm in 
diameter, 25cm in length) are mostly employed. 


Transvaginal Route 

Transvaginal sampling by a needle guide attached to the 
vaginal ultrasound probe has also been used. The preparation 
of the woman is the same as for transcervical sampling. A 
vaginal 5- to 7.5-MHz ultrasound probe enwrapped in a sterile 
envelope is inserted into the vagina and connected to a sterile 
needle guide. Chorionic villi sampling is then accomplished by 
either a 20-gauge needle with a stylet or a double-needle 
system, which are transvaginally and transmurally pushed 
forward into the chorion frondosum and moved to and fro. 
A target line on the ultrasound monitor sets the puncture 
depth and ensures reaching the desired biopsy site. Such 
transvaginal techniques were mostly adopted from vaginoso- 
nographically guided puncturing of follicles for oocyte 
harvesting. They allegedly prove more practical in cases of a 
fundal placenta with a retroverted uterus; however, this 
technique is found altogether less advantageous than TA- 
CVS and transabdominally guided TC-CVS (39). 


Transabdominal Route 

In the mid-1980s, the transabdominal approach was intro- 
duced using either a double- or a single-needle technique, and 
nowadays, it has become the most widespread technique. The 
woman should lie on her back on an examining table. The 
specific area on the woman’s abdomen must be adequately 
cleansed with an aqueous betadine solution (antiseptic). 
A sterile oil is used so as to allow scanning by the transducer 
probe, which is commonly wrapped in a sterile drape or glove. 
The needles and the syringes need to be heparinized prior to 
skin puncture. 

For the double-needle system, special needle guide adapters 
are necessary. They are available from ultrasound manufac- 
turers and can be coupled with specific probes where the 
needle passes through a fixed path, either parallel or at an 
angle to the ultrasonic beam (Fig. 4) (18). First of all, a needle 
of 1.2mm outer diameter (18 gauge) is inserted into the needle 
guide up to the basal plate of the placenta. After that, the stylet 
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Figure 4 Transabdominal chorionic villi sampling by double-needle system. 


Figure 5 Transabdominal chorionic villi sampling by freehand technique. The 
needle is inserted longitudinally to the probe. 


is removed and an aspiration needle of 0.9 or 0.8mm 
(20 or 21 gauge) is introduced into the first needle and 
pushed forward into the chorion. 

Regarding the single-needle technique, a suitable place of 
chorion must be identified on the scanner monitor. The 
puncture is then done freehand by a single 20-gauge spinal 
needle, inserted tangentially to the greater side of the probe, 
simultaneously visualizing the needle tip going into the 
placenta and straight through the shortest route so that only 
the needle tip is displayed (Fig. 5) (40,41). An oblique 
insertion, needling at the extremity of the probe, allows 
observing fully the needle throughout sampling but implies a 
lengthy course (Fig. 6). Newer needles have a special external 
coating and emit echo-luminance so as to enhance needle 
placement. 

By adopting the freehand technique, after having reached 
the sampling site, the needle is connected to a 2.5-mL 
syringe with a small amount of culture medium or sterile 


Figure 6 Transabdominal chorionic villi sampling by freehand technique. The 
needle is inserted tangentially to the probe. 


solution. The displayed needle tip is moved up and down 
5 to 10 times in order to favor detachment and suction of 
villi. All the while, negative pressure must be applied 
by manual aspiration through the syringe, which is 
maintained throughout sampling and withdrawing. Some 
operators use a 30-mL syringe mounted on a holder as an 
alternative (42). 

The need for the transducer probe to be manipulated by the 
same operator must be emphasized because it results in better 
hand-eye coordination and the reduction in the number of 
multiple insertions and the failures associated with the 
procedure. The single-operator freehand technique necessi- 
tates the same operator holding both the probe and the needle 
during insertion, thus having the sensibility to direct the 
proper placement of the needle. Sonographic guidance is 
crucial, but tactile sensation is important as well. 

In fact, most procedures require at least three hands. Some 
operators actually need an assistant to hold the transducer 
during the connection of the syringe and after withdrawal, 
while they verify the sampling adequacy and the patient is 
waiting on the examination table. Other operators hold the 
transducer in their own hand and ask for assistance for 
drawing up the tissue. 

If obtaining an adequate sample fails, a second insertion is 
performed. It is important to point out that the procedure is 
not to be carried out unless the operator is sure of the safe 
access to the intended chorion site. When difficulties are 
anticipated, the opinion of a more experienced physician 
should be sought. 

Complications increase significantly if three or more 
insertions are attempted; therefore, no more than two needle 
insertions should be performed per session. 

According to our own experience, a second attempt to 
obtain villi is rarely necessary. When the procedure seems too 
hard and an adequate sample is still not obtained after 
repeated passes, it may be wise to postpone it to the following 
days or week. An experienced operator should be consulted for 
any of these procedures if two attempts at uterine insertion fail 
to produce an adequate sample for analysis. 
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CVS Setting 

CVS, in any employed route, is generally performed in an 
outpatient facility or the health-care provider’s office. Local 
anesthesia is not required since it does not deal with sources 
of pain in the peritoneum and the uterine wall; neither any 
preoperative nor postoperative medical treatment is usually 
necessary. Before the CVS procedure, the woman can eat and 
drink as usual. She may need her partner or another close 
contact to accompany her to the appointment and support 
her emotionally or to drive her home afterwards. Based on 
the clinical experience at our institution, the procedure 
proves more expeditious if the woman is at ease. The 
complex range of various psychologic issues related to genetic 
diagnosis and emotional needs of a woman experiencing CVS 
requires that the team who performs CVS also develops great 
sensitivity to the patient’s apprehension and anxiety. It 
appears very helpful to actively involve the woman and 
maintain a dialogue between her and the operators during 
the procedure and the fine-tuning of the technical aspects of 
the CVS, as this minimizes the discomfort and ensures a 
trusting environment. 

During transcervical CVS, the passage of the instrument 
through the cervix and the suction of villi may prove a cause 
for cramping, a pinching feeling, and general discomfort 
(nausea and anxiety). After the sampling, women may 
experience mild to moderate spotting for the first week. 

Regarding TA-CVS, the entire procedure is completed in 
approximately 10 minutes. Most of the time is usually 
dedicated to the ultrasonographic investigation and sampling 
set preparation while the needle insertion itself lasts for a 
maximum of 10 seconds. On rare occasions, women complain 
of a rapidly resolving stinging sensation or cramping with the 
needle penetrating the skin and the uterus. A higher level of 
pain is likely to be experienced by patients with a thicker 
abdominal wall (greater than 40mm). At the end of the 
procedure, all symptoms are resolved. CVS may generate 
considerable anxiety, but most women find the pain equivalent 
to that of an intramuscular puncture. A recent study evaluating 
the woman’s experience of pain during TA-CVS reports that 
the sampling procedure seems most painful at the approach 
of thicker needles, so the need to use a 19-gauge needle is 
questioned as acceptable results are obtained with a 20-gauge 
needle as well (43). 

Particular angles of access are also recommended by some 
experts but the data gathered so far are not exhaustive enough to 
guide practice. A randomized trial by van Schoubroeck et al. 
showed that injection of local anesthetic did not reduce pain 
scores as reported by women undergoing transabdominal 
punctures (44). 

Rhesus status must be considered in every case. According 
to the guidelines of the ACOG (2001), Rhesus prophylaxis 
with anti-D immunoglobulin (200-300ug), intramuscularly, 
should be offered to Rh-negative unsensitized women after 
each procedure (45,46). However, in cases of being already 
sensitized, the CVS is contraindicated. 

Normally, in a few hours after the sampling, the woman will 
likely be able to resume normal activities and return home. 
They are counseled to contact medical staff only if they 
experience pain, heavy bleeding, or febrile episodes. An 
ultrasonographic follow-up is recommended when the 
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diagnostic result is available so as to verify the fetus’s 
well-being and to exclude chorionic hematomas. 


MULTIPLE PREGNANCIES 

Multiple pregnancies are not, as a general rule an impediment 
to CVS, but they require a greater amount of expertise and 
manual skills in order to insure that all fetuses are correctly 
sampled. Sampling is straightforward when placentas are well 
separate, but in cases of close proximity, it becomes more 
complex, as needles need to be serially in all placentas, possibly 
close to the umbilical cord insertion, in order to insure 
complete sampling without double passing across the 
same chorion point. Needles need to be replaced for each 
sampling (47,48). 

In pregnancies with high genetic risk, CVS is better suited 
than amniocentesis, as an eventual procedure of selective fetus 
reduction is much simpler and less risky when performed 
during the first trimester of pregnancy. Careful evaluation and 
documentation of gestational sacs, fetuses, placentas, and 
umbilical cords are mandatory when CVS is performed to 
correctly identify the fetuses when discordant results are 
obtained and the patient desires selective termination. 
Sampling error in multiple pregnancies is between 0% and 
10% and depends critically on the expertise of the operator. 
Miscarriage risk is 2% to 4% (49-54). 


CONTRAINDICATIONS 

Absolute contraindications to TC-CVS are vaginismus and 
major anomalies of the cervical canal. Cervical polyps and 
large myomas of the lower uterine segment may represent an 
important obstacle to the cannula or biopsy forceps. Likewise, 
a fundal placenta or a posterior placentation in a retroverted 
uterus may be very difficult to sample by this approach. The 
transcervical route should be considered a risk of ascending 
infections in women with active genital infection, even if 
appropriately treated. 

Conversely, it is almost always possible to obtain a sample 
by the transabdominal route. Actually, there are no valid 
contraindications to TA-CVS. An appropriate scanner pres- 
sure and an accurate bladder filling may favor reaching the 
sampling site and avoiding intestinal loops in front of the 
uterus. Myomas may be avoided by real-time guide of needle 
insertion. In cases of uterine retroflexion, a gentle cervico- 
vaginal manipulation of the uterus by an assistant may be 
needed (Fig. 7). 

Uterine contractions are occasionally seen, which can 
interfere with sampling; it is advisable to wait for 10 to 
20 minutes for these contractions to cease, even through the 
help of an antispastic drug. 

Some contraindications are common for either TC-CVS or 
TA-CVS. 

In any case of active vaginal bleeding, it is advisable to 
reschedule any sampling procedure to a few days after the 
bleeding has stopped. 

The occurrence of areas of retrochorionic hemorrhage at 
ultrasonic examination before CVS usually prompts extreme 
care to avoid it by the cannula or needle. 

In cases of preoperative abundant sub-chorionic hemor- 
rhage, deferral is mandatory until after a well-established 
resolution or to amniocentesis in the second trimester. 
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Figure 7 Cervico-vaginal manipulation in cases of uterine retroflexion. 


Systemic maternal diseases do not represent a contra- 
indication to CVS. 

In the presence of inherited bleeding disorders, as in cases of 
hemophilia carriers with less than 50% factor VIII coagulant 
activity, prophylactic intravenous infusion of desmopressin 
(1-deamino-8-D-arginine vasopressin) just before CVS can be 
offered. This synthetic analog of vasopressin causes an 
immediate increase in the plasma concentration of factor 
VIII, von Willebrand factor, and platelet adhesiveness thus 
preventing abnormal bleeding with few side effects except mild 
facial flushing and headache (55). 

A potential risk exists for maternal—fetal virus transmission 
as well as patient—clinician transmission in cases of women 
with blood-borne virus. The fairly small studies available for 
hepatitis B show no evidence of a transmission risk so that the 
risk is expected to be very low. The “e” antigen status is likely 
to be significant for maternal—fetal transmission (56). 
Although most studies examining human immunodeficiency 
virus (HIV) suggest that invasive testing may be a risk factor in 
transmission and recommend avoidance, several authors more 
recently have suggested that the current risk of HIV vertical 
transmission associated with early invasive diagnostic techni- 
ques is lower than previously reported, provided that 
antiretroviral therapy is being used (57). 


COMPLICATIONS 

TA-CVS has a reported abortivity risk around 1%, when 
performed by an expert hand. Randomized clinical trials have 
reported a similar fetal loss rate after CVS in the first trimester 
when compared with amniocentesis at the 16th week. In 
evaluating the fetal loss rate, spontaneous abortivity in the 
general population between the 10th and 12th week always 
needs to be taken into account. Post-procedural complications 
are highly dependent on the operator’s expertise, gestational 
age, maternal age, the amount of chorion tissue sampled, the 
number and duration of needle insertions, bleeding prior to 
the procedure, and concomitant uterine pathologies. 

Minor complications have been reported, like bleeding, 
spotting, intracervical hematoma, but without sizeable effects 
on perinatal outcome. In the early 1990s, fetal limb reduction 
defects have been reported after CVS performed before the 


10th week in centers without a proven track record that did 
not employ standardized techniques. Wider studies on 
reference centers have however reported rates of limb 
reduction defects for CVS after the 9th week that are similar 
to the rates for the general population (5.4/10,000). Accord- 
ingly, the WHO-sponsored committee concluded that there is 
little evidence to suggest a significant risk of congenital defects 
when CVS is carried out after the 8th completed gestational 
week and recommended that CVS be performed in referral 
centers following 9 weeks after the last menstrual period by 
qualified operators who are adequately trained (58-65). 


ANALYSIS 
Diagnostic procedure is correlated to the level of expertise of 
the operator, the cytogeneticist, and the molecular biologist. 

The sample of chorionic villus should contain enough 
material for genetic analysis, generally around 20 to 30mg. The 
sample of chorionic tissue should be placed in nutrient 
medium if cytogenetic analysis has been planned and in a 
sterile hydro-saline solution for other analyses. The specimen 
might be mailed to be analyzed but never frozen and should be 
examined within 24 to 48 hours. Sampled villi need to be 
examined under an inverted microscope to detect contamina- 
tion with maternal decidua, which need to be separated so as 
not to affect diagnosis with unwarranted interpretations. 

Two methods are currently available to fully evaluate the 
fetal karyotype from a CVS specimen: the direct (or short- 
term) method and the indirect or culture method. 

Chorionic villi consist of two cells types: cytotrophoblast 
cells and mesenchymal core cells. In freshly sampled chorion 
tissues, the villus inner cytotrophoblast layer beneath the outer 
syncytiotrophoblast layer contains mitotically active cells, 
which are rapidly dividing cells, many of which are already 
in metaphase. These cytotrophoblast actively mitotic cells 
would provide a reliable means of predicting the fetal 
karyotype for direct metaphase analysis, without culture. 
Although the direct analysis of cytotrophoblasts can provide 
welcome rapid results (24-72 hours), the quality of meta- 
phases obtained is usually less than that obtained by culture. 

To enhance the accuracy of CVS results, it is a good practice 
that villi tissue be analyzed by both the direct (or short-term) 
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and the indirect (long-term or cultural) method. The first 
method allows analysis in a few hours, although an incubation 
of at least 24 hours is recommended with a diagnostic response 
in 3 to 5 days. The second method analysis is completed after 
7 to 10 days. 

Currently, confined placental mosaicism is considered the 
main cause of ambiguous results, which might result in false- 
positive diagnoses. Following the direct analysis, the majority 
of discordant findings between chorionic villus samples and 
the fetus have been false-positive results (1-2%) and only very 
few have been false negative (1/3000). 

With the use of both direct and cultured villus analyses, the 
incidence of true false-positive results can be greatly reduced 
(to 1/20,000) and that of true false-negative results can be 
eliminated. However, when a mosaicism is found after CVS, 
follow-up amniocentesis and/or cordocentesis is required to 
clarify results. 

Fluorescence in situ hybridization (FISH) can also be 
performed on noncultured chorion cells following CVS, by 
using chromosome-specific probes to determine the aneu- 
ploidies of chromosomes 13, 18, 21, X, and Y. This has allowed 
a rapid diagnosis of some selected chromosomal anomalies. It 
has also enabled the detection of subtle cytogenetic aberrations 
with a resolution equal to the size of the probe (50-200 Kb) 
that are associated with a clinical phenotype (66,67). Despite 
the high sensitivity and specificity of interphase FISH for 
trisomy 13, 18, 21, and sex chromosome aneuploidy (99%), 
culture failure or noninformative results occur in up to 5.7% 
of cases and false-positive and false-negative results, although 
rare, have been reported. For that reason, the American 
College of Medical Genetics does not recommend therapeutic 
action on the basis of the results of FISH alone. 

An implementation of the chromosomal evaluation in 
chorion tissue, in the 1990s, was the quantitative fluorescence 
polymerase chain reaction (QF-PCR), which was derived from 
the association of techniques of molecular biology to FISH. 
The technique is based on the amplification of chromosome- 
specific highly polymorphic DNA short tandem repeats, using 
fluorescence primers and PCR on chromosomes 13, 18, 21, X, 
and Y. The QF-PCR, which has comparable sensitivity to the 
FISH, consents easier identification of maternal contamina- 
tion and is much less expensive because it is almost entirely 
automated. QF-PCR is now more common than FISH and 
many European laboratories consider it the method of choice 
for rapid aneuploidy testing complementary to full karyotype 
analysis and, in some specific cases, as an alternative to 
conventional cytogenetics analysis. 

FISH and QF-PCR allow only the detection of aneuploidies 
involving chromosomes that are specifically tested, usually 
trisomies of chromosome 13, 18, 21, and sex chromosomes. It 
means that aneuploidies involving other chromosomes and 
balanced chromosomal rearrangement can be missed. By 
using QF-PCR as a stand-alone test, the chances of missing the 
most common, and the only chromosome anomalies that do 
not increase in frequency with maternal age, are approximately 
1 in 150 abnormal karyotypes, or 1 in 10 to 30,000 samples, 
based on age distribution; these error rates may be acceptable, 
although most structural anomalies will be missed (68). 

Since chorionic tissue cells provide large sources of DNA 
suitable for DNA analyses, consequently, CVS is at present the 
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technique of choice for prenatal diagnosis of genetic diseases 
with known molecular defects or when a linkage analysis is 
feasible (i.e., thalassemia, cystic fibrosis, Duchenne muscular 
dystrophy, hemophilia A, fragile X). 

When a specific molecular defect is already known, the 
research of the defect is performed by different methods using 
the DNA extracted from villi and amplified by PCR (69). 

For DNA-PCR diagnosis of disorders like B-thalassemia, a 
very small specimen of 1 to 3mg of chorionic tissue, supplying 
approximately 1 to 3ug of DNA, will suffice, but at least 3mg 
of chorionic villi is requested to reduce the risk of co- 
amplifying the DNA from maternal decidua. 

These techniques of PCR-DNA analyses, which enable 
reliable analysis of a small specimen of villi in 1 to 2 days, are 
highly efficient and accurate. Misdiagnosis and diagnostic 
errors are very uncommon (less than 1 in 10,000) in qualified 
centers when well-defined methods such as variable number 
tandem repeats are applied to rule out contamination by 
maternal decidua and blood (31,70). 

In utero infections can be documented for agents such as 
rubella, toxoplasma gondii, cytomegalovirus, varicella zoster, 
and parvovirus. Diagnosis can be made by extraction of DNA 
or RNA from chorionic villi and amplification of some well- 
recognized genes of the suspected infectious agent (35-37). 


GUIDELINES 

In conclusion, the CVS procedure, when performed by 
experienced hands, is associated with an approximately 1% 
to 2% pregnancy loss rate. Adjusting for confounding factors 
such as gestational age, the procedure-related miscarriage rate 
following CVS at 10 weeks or later, in very experienced hands, 
is the same as midtrimester amniocentesis (at best 1 in 300). In 
less experienced hands, the risk may be higher. 

CVS is presently recommended through the transabdom- 
inal route after the 9th week of pregnancy with an experienced 
operator and after genetic counseling. An operator is 
considered an expert when performing at least 100 samples 
per year. The training period comprises at least 50 samples 
under the supervision of a senior tutor. Each operator should 
undergo yearly audits to verify success rates of samples, fetal 
loss rate, diagnostic accuracy, and neonatal outcome. Data 
should be compared with what is reported in literature for 
reference centers. The analysis laboratory should also ensure 
an adequate number of exams in order to guarantee the 
highest degree of certainty (71-73). 
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63 Amniocentesis 


Aris Antsaklis and Marianna Theodora 


HISTORY 

Amniocentesis is the oldest invasive procedure for prenatal 
diagnosis. It was first used toward the end of the 19th century 
for evacuative paracentesis in pregnancies complicated by 
hydramnion (1). At the beginning of the 1950s, it was used to 
determine the amniotic fluid composition in cases of Rhesus 
isoimmunization (2). However, amniocentesis was used for 
diagnostic reasons in the 1950s, as a method for sex 
determination by the identification of Barr bodies in the 
noncultured amniocytes (3). About 10 years later, the karyotype 
of the embryo was determined through an amniotic fluid cell 
culture (4). Since then, amniocentesis has been established as a 
basic invasive method for the prenatal diagnosis of various 
pregnancy-related conditions, such as fetal karyotyping, 
diagnosis of metabolic or enzymatic diseases, assessment of 
the severity of hemolytic disease, establishment of lung 
maturity, and diagnosis of fetal infections. Additionally, 
amniocentesis is used for the infusion of various drugs into 
the amniotic cavity, determination of the composition of the 
amniotic fluid, and finally for evacuation of hydramnion. 


INDICATIONS 
Amniocentesis is used for both prenatal diagnosis and fetal 
therapy (Table 1). 


Chromosome and DNA Analysis 
Examination of the number and structure of fetal chromosomes 
(fetal karyotyping) is the main indication for amniocentesis. It is 
offered to women in cases when the risk for fetal aneuploidies is 
high such us advanced maternal age (traditionally 235 years), 
previous fetal aneuploidy, parental balanced translocation, 
positive screening test in the first or second trimester, 
identification of aneuploidy markers in genetic sonogram, and 
so on. Another indication is an ambiguous result from a previous 
test such as karyotype mosaicism obtained by the chorionic 
villus sampling (CVS). Fetal karyotype is examined either in 
cultured cells or with PCR technology. However, the result of 
the latter technique should always be confirmed with culture. 
Fluorescent-labeled in situ hybridization allows for DNA 
study, with direct probing, and therefore the diagnosis of 
fetuses with gene diseases such as hemophilia, b-thalassemia, 
cystic fibrosis, and so on. 


Fetal Infection 

Diagnosis of fetal infection from Toxoplasma gondii, cytomega- 
lovirus, and so on, in cases of maternal seroconversion is possible 
by examination of amniotic fluid with PCR-based technologies. 


Lung Maturity 
Fetal lung maturity can be assessed indirectly using both 
qualitative and quantitative characteristics of amniotic fluid. 


Pulmonary maturity can be assessed by the measurement of 
lecithin/sphingomyelin ratio or the concentration of phos- 
phatidylglycerol in amniotic fluid. Similarly, the detection of 
lamellar bodies and the study of other characteristics of the 
amniotic fluid may give information about lung maturity. 
However, the improvement in neonatal care and the accurate 
confirmation of gestational age with ultrasound early in 
pregnancy have diminished the need for examination of 
amniotic fluid and thus amniocentesis in order to confirm 
lung maturity. 


Chorioamnionitis 

Premature rupture of the membranes (PROM) and preterm 
labor have been associated with amniotic fluid bacterial 
colonization (5). Amniocentesis and gram stain, microscopy, 
and culture of the amniotic fluid have been advocated in cases 
of premature rupture of membranes or premature labor. 
Researchers who advocate for amniocentesis state that early 
diagnosis and management are possible and may result in 
better perinatal outcome. However, spontaneous labor within 
24 hours after membrane rupture is very common and thus 
there are no data to support amniocentesis as a clinical 
standard in cases of PROM. 


Biochemistry 

Amniotic fluid collection and estimation of enzyme level were 
used in order to diagnose metabolic diseases and other 
conditions such as cystic fibrosis or congenital adrenal 
hyperplasia before DNA techniques were applied. This practice 
has been replaced by the most accurate detection of gene 
mutation responsible for the disease in fetal cells collected by 
amniocentesis or CVS. 

Another past indication of amniocentesis is the evaluation 
of fetal hemolytic anemia in cases of Rhesus alloimmunization. 
Amniocentesis and amniotic fluid spectrophotometry are 
performed less since middle cerebral artery Doppler veloci- 
metry has been proposed as a routine test for the evaluation of 
hemolysis and fetal anemia. 


Obstetric Cholestasis 

Amniocentesis is used in obstetric cholestasis in order to 
diagnose meconium-stained amniotic fluid, which is a 
common complication of this pregnancy-related disorder 
and related to intrauterine fetal demise. However, improve- 
ments in understanding both the pathophysiology of the 
disease and the management of these cases have led to 
decreased need for amniocentesis in this context. 


Fetal Therapy 
Amniocentesis is used for uterine decompression in case of 


hydramnios and twin-to-twin transfusion syndrome in 
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Table 1 Indications for Amniocentesis 


Chromosome analysis 
Advanced maternal age 
Abnormal biochemical screen 
Ultrasound findings 
Family or personal history of trisomy 
Abnormal parental karyotype 

DNA analysis 
Genetic testing 
Endocrine disorders 

Suspected fetal anemia 
Rhesus sensitization 
Fetal hydrops 

Fetal infection 

Lung maturity 

Chorioamnionitis 

Biochemistry 

Obstetric cholestasis 

Fetal therapy 


monochorionic (MC) twins. Amnioinfusion has been used in 
cases of severe oligohydramnios, but research is needed in 
order to define both the indications and the outcome of such 
an intervention. Finally, thyroxin has been injected into the 
amniotic sac to treat goitrous hypothyroidism of the fetus. 


TECHNIQUE 

Amniocentesis is mainly performed during the second 
trimester but can be performed also during the third trimester 
when certain indications stand. Amniocentesis for prenatal 
diagnosis of genetic diseases of the fetus is traditionally carried 
out between 15 and 18 weeks of gestation when the fundus of 
the uterus is easily accessible. Additionally in this gestational 
age, the volume of amniotic fluid is 150 to 200mL, which 
permits the removal of 15 to 20mL of amniotic fluid, which is 
adequate for this test without creating problems. Moreover, at 
this gestational stage, the relationship between the viable and 
nonviable cells of the amniotic fluid is the optimal in order to 
have results. For the above reasons, amniocentesis should be 
carried out at this time (6). Early amniocentesis (between 11 
and 14 weeks) has been associated with increased risk of fetal 
malformations, mainly clubfeet, and has been abandoned. 

In any case, before amniocentesis is performed, pregnant 
women should receive appropriate genetic counseling con- 
cerning the risks, the limitations, and the benefits of the 
procedure and the tests. Informed consent should be obtained 
before the procedure. A detailed ultrasound examination must 
be done in order to determine the number of fetuses, gestation 
age, cardiac function, possible abnormal formation, amniotic 
fluid quantity, position of the placenta, existence of fibromas 
in the uterus, existence of adnexal masses, and finally possible 
cervical inadequacy. When this ultrasound examination has 
been completed, the entry site of the needle into the amniotic 
cavity is determined (7,8). Preferred pockets are located away 
from the fetal face. Sites that must also be determined and 
avoided as much as possible during amniocentesis is the 
umbilical cord—depending on its position—and the placenta. 
However, none of these is absolutely necessary to obtain 
amniotic fluid safely. The skin around the entry site of 
the needle is carefully cleaned with an antiseptic solution. 
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Figure 1 Amniocentesis in singleton. Note that the whole length and the tip of 
the needle can be identified when the procedure is done under ultrasound 
guidance. 


A disposable 22-G spinal needle (Fig. 1) is carefully guided into 
the amniotic cavity under continuous ultrasound monitoring. 
When the needle enters the corresponding area, the inner 
needle is removed and a syringe is attached to the needle hub. 
If freely flowing fluid is not obtained, the needle is then 
repositioned. Failure to aspirate amniotic fluid is most 
commonly due to membrane tenting. When this occurs, the 
needle appears inside the amniotic cavity, but the needle tip 
has not actually penetrated the amniotic sac. This usually 
occurs when an early amniocentesis is carried out, when the 
amnion and the chorion have not yet fused. In this case, it is 
recommended that the inner needle is replaced and the 
needle’s entry point to the amniotic cavity is carefully changed 
so as to avoid injuring the fetus or the umbilical cord. Another 
reason for failing to take a sample of amniotic fluid is when the 
fetal membranes plug up the opening of the needle, due to the 
negative pressure that is exerted here. If this occurs, we then 
slightly change the needle site without exerting negative 
pressure. The first 1 to 2 cc of amniotic fluid that is aspirated is 
discarded because in theory it may contain maternal cells and 
thus gives us inaccurate results. An amount of approximately 
20-cc amniotic fluid is considered to be enough for the results 
we require when amniocentesis is carried out between the 
15th and 20th weeks of gestation. An ultrasound examination 
is performed after the amniocentesis is completed to 
document fetal cardiac activity and to look for evidence of 
bleeding into the amniotic cavity. The pregnant woman is then 
advised to rest and avoid intercourse for 15 days and informed 
about possible complications, such as persistent uterine 
cramping, fever, bleeding, or leakage of the amniotic fluid, 
which she must report timely. 


AMNIOCENTESIS COMPLICATIONS 

Amniocentesis is an interventional procedure, and since the 
feto-maternal unit is injured, a number of complications can 
ensue. Maternal complications are rare and include perfora- 
tion of the intra-abdominal viscera with subsequent 
intra-abdominal infection, sepsis, bleeding, blood group 
sensitization, and uterine contractions (9). On the other hand, 
fetal complications are more of a concern and include fetal 


AMNIOCENTESIS 


Table 2 Fetal Loss Rate in Review by Seeds (15) 


Ultrasound use Preamniocentesis scan 


All studies 

Losses (n/N) 

Amniocentesis 714/33,975 (2.1%) 
Control subjects 88/6457 (1.4%) 
Difference (%) 0.74 

p Value <0.0001 

95% CI for difference 0.37, 1.1 


Only controlled studies 
Losses (n/N) 


Amniocentesis 170/8607 (2.0%) 
Control subjects 88/6457 (1.4%) 
p Value 0.0042 

Odds ratio 1.46 

Difference (%) 0.6 

95% CI for difference 0.19, 1.03 


Source: From Ref. 15. 


loss, needle puncture injuries, placenta abruption, preterm 
labor, injury due to withdrawal of amniotic fluid (e.g., amniotic 
bands), and rupture of the membranes. Amniocentesis may also 
cause intra-amniotic infections through the introduction of 
microorganisms into the amniotic cavity via the needle. This 
may eventually lead to the abortion or death of the fetus. In 
order to eliminate the possibility of an infectious complication, 
rules of aseptic procedures, which apply in all surgical 
procedures, must be applied here, such as the aseptic cleaning 
of the skin and using septic gloves and needles. However, 
endometrial infections are not always related to amniocentesis, 
but may exist before the prenatal intervention (10,11). 


Fetal Loss 

Fetal loss is the major risk of second-trimester genetic 
amniocentesis. When amniocentesis was first introduced in 
the clinical practice, the risk of miscarriage related to the 
procedure was not clear mainly because there was lack of 
ultrasound guidance and lack of determination of fetal viability 
before the procedure. Since fetal miscarriage does not occur 
only in association with amniocentesis, it is essential to take 
into consideration the background loss rate, which is 
associated with the gestation age, parity, and any other 
underlying risk factors such as pathologic conditions of the 
mother (e.g., uncontrolled diabetes mellitus, severe hyperten- 
sion induced by lupus, etc.) and the fetus (e.g., structural 
anomalies, chromosomal abnormalities, etc.) as well. Gesta- 
tional age at the procedure is an important determinant of the 
observed fetal loss rate, since the earlier the pregnancy, the 
greater is the pre-procedural risk of miscarriage. 

The safety of amniocentesis has been evaluated by several 
series from single centers and a number of multicentric studies. 
The difficulties in evaluating the procedure-related loss rate 
have been shown by the controversial results of these studies. 

In 1976, the National Institute of Child Health and Human 
Development conducted a case-control/cohort study to 
evaluate the safety and accuracy of second-trimester amnio- 
centesis for prenatal diagnosis and reported that the study 
group that underwent amniocentesis had a 3.5% total loss rate 
while the controls had 3.2% (9). The authors also concluded 
that the loss risk was unrelated to previous miscarriage, 
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Concurrent ultrasound guidance p Value 


478/34,144 (1.40%) <0.0001 
130/12,097 (1.08%) NS 
0.33 

<0.0007 

0.09, 0.56 


191/11,372 (1.68%) NS 
130/12,097 (1.08%) NS 
<0.0001 

1.57 

0.6 

0.31, 0.9 


volume of aspirated fluid, or number of attempts. In the same 
year, the Canadian Collaborative Study reported a loss rate of 
3.2%, but there were no controls (12). In this study, an 
increased risk of loss was reported in cases of failed attempts 
and large bore needles (>19). The third collaborative case- 
control study was conducted by the British Working Party on 
amniocentesis in 1978 (13) and the writers reported a loss rate 
of 1.5% related to amniocentesis. They reported a 2.4% fetal 
loss rate <28 weeks in the study group and 1.2% in controls. 
This study however was strongly criticized mainly on the 
selection of control individuals who were recruited in 
the study later in gestation and on the replacement of some 
of the matched controls who had aborted. 

The only randomized trial for the estimation of 
miscarriage risk related to amniocentesis was done in 
Denmark in 1986 (14). This study randomized 4606 low-risk 
women aged 24 to 35 years to have or not to have an 
amniocentesis, which was carried out using a 20-gauge needle 
under real-time ultrasound guidance. Most procedures were 
performed between 16 and 18 weeks of gestation. The 
amniocentesis group had a loss rate, which exceeded the 
control group by 1% (1.7% and 0.7% respectively), a figure 
which has often been quoted in counseling. More than half of 
the procedures were performed by one operator and the rest 
by four less experienced operators. The placenta was avoided 
whenever possible but was perforated in 15% of cases and the 
study indicated that perforation of the placental was associated 
with a relative risk of 2.6 for miscarriage. 

Since then, a lot of studies reported amniocentesis-related 
fetal loss rate between 0.2% and 0.9%. 

In 2001, Seeds performed a systematic review of 29 
controlled and uncontrolled studies with a total of 68,119 
amniocenteses (15) and he concluded that amniocentesis with 
concurrent ultrasound guidance in controlled studies appears 
to be associated with a procedure-related rate of excess 
pregnancy loss of 0.6% (95% CI, 0.31, 0.90) (Table 2). The use 
of concurrent ultrasound guidance appears to reduce the 
number of punctures and the incidence of blood-stained fluid 
and eliminates the direct fetal needle trauma. Finally, the 
review did not substantiate an increased rate of pregnancy loss 
if placental puncture is required. 
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In 2006, another trial was published in order to quantify the 
contemporary procedure-related loss rate after midtrimester 
amniocentesis using a database generated from patients who 
were recruited to the First- and Second-Trimester Evaluation 
of Risk for Aneuploidy trial (16). A total of 35,003 unselected 
patients from the general population with viable singleton 
pregnancies were enrolled in this trial and 3096 of them 
underwent midtrimester amniocentesis. The total sponta- 
neous fetal loss rate less than 24 weeks of gestation in the study 
group was 1.0% and was not statistically different from the 
background 0.94% rate seen in the control group (p =0.74, 
95% CI, 0.26%, 0.49%). The researchers stated that the odds 
of pregnancy loss were actually lower in patients who 
underwent amniocentesis because of advanced maternal age 
or screen positive results compared with those who did not. 
They concluded that this is likely due to the fact that 
spontaneous pregnancy loss is so strongly associated with 
aneuploidy, and patients who have an amniocentesis would 
presumably terminate aneuploid fetuses in most cases before a 
spontaneous loss could occur. They stated that it is not 
surprising that patients in these categories who elected not to 
undergo amniocentesis had a higher rate of spontaneous loss 
because they were carrying a higher proportion of aneuploid 
fetuses. 

Recently, Mujezinovic and Alfirevic compiled a systematic 
review of complications related to genetic amniocentesis and 
CVS to provide benchmark data for counseling and perfor- 
mance assessment of individual operators (17). Twenty-nine 
articles of amniocentesis were included and pooled pregnancy 
loss within 14 days was 0.6% (95% CI 0.5-0.7), rising to 0.9% 
(95% CI 0.6-1.3) for pregnancy loss before 24 weeks and 1.9% 
(95% CI 1.4-2.5) for total pregnancy loss (Table 3). However, 
the authors noted that since most of the reviewed studies do 
not take into account the background risk and therefore do 
not address the issue of added procedure-related risk, these 
figures may be useful only for counseling purposes in a broad 
sense. The authors identified five studies that have included 
control groups in order to quantify the background risk. 
Overall, these studies reported higher pregnancy losses 
compared with uncontrolled case series and the pooled results 
showed a relative increase of 25% for total pregnancy loss after 
amniocentesis and 46% for pregnancy losses before 24 or 28 
weeks of gestation. However, the results for the latter were 


Table 3 Pregnancy Loss After Amniocentesis 
Type of pregnancy loss 


Less than 20 weeks of pregnancy 22/2133 
More than 20 weeks of pregnancy 17/1775 
Less than 24 weeks of pregnancy 122/14,057 
More than 24 weeks of pregnancy 57/4195 
Less than 28 weeks of pregnancy 283/14,915 
More than 28 weeks of pregnancy 134/14,596 
Less than 14 days after AC 102/17,047 
Less than 30 days after AC 85/10,727 
Less than 60 days after AC 66/9406 
Total pregnancy loss 627/49,413 
Multiple insertions 226/12,142 
Bloody or discolored tap 468/10,908 


Combined total (n/N) 
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quite heterogeneous, resulting in very wide, statistically no 
significant confidence intervals. The absolute risk difference 
between cases and controls was quite similar, showing that 
second-trimester pregnancy loss and total fetal loss after an 
amniocentesis increase by approximately 0.6%. The reviewers 
noted that although the risk of pregnancy loss is relatively low, 
lack of adequate controls tends to underestimate the true 
added risk of prenatal invasive procedures. 

Midtrimester amniocentesis does not appear to further 
increase the already increased risk for second-trimester 
spontaneous abortion in women with uterine myomas (18). 


Preterm Delivery 

The association of second-trimester amniocentesis and 
delivery before 37 weeks was evaluated by a case-control study 
in 2003 by the EUROPOP Group (19). During 1994 to 1997, 
3091 preterm births and 5298 controls randomly selected from 
singleton births born at term were analyzed. An increased risk 
of preterm delivery was found in women having second- 
trimester genetic amniocentesis after taking into account 
other risk factors and confounding variables (OR 1:59, 95% 
CI 1.31-1.92). The association was statistically significant and 
similar for spontaneous preterm delivery and induced preterm 
delivery. Since the data are limited, further research is needed 
on the causative role of amniocentesis. 


Fetal Trauma 

The risk of direct fetal needle injury often is presumed to 
be reduced with the use of simultaneous ultrasound guidance, 
but several case reports document or attribute cases of fetal 
injury to the amniocentesis needle, despite the use of 
simultaneous guidance for the procedure (15). Although 
several case reports document or attribute cases of fetal injury 
to the amniocentesis needle (20—22), the attribution has been 
generally by association only and not on the basis of direct 
evidence (21,23-31). 


Alloimmunization 

Feto-maternal hemorrhage occurs in approximately 50% of all 
women (32) and during amniocentesis on one out of six (33). 
The attributed risk is 1% greater than the background risk of 
1.5% (34). As for preventing the Rhesus sensitization of the 
mother and when the husband is Rhesus positive, every 


Combined proportion % 95% CI 
ill 0.7-1.5 
0.9 0.5-1.4 
0.9 0.6-1.3 
1.0 0.5-1.8 
1.7 1.3-2.2 
0.9 0.7.7-1.2 
0.6 0.5-0.7 
0.8 0.4-1.2 
0.7 0.5-0.9 
IL) 1.4-2.5 
2.0 0.9-3.6 
4.1 1.1-8.7 


Abbreviations: CI, confidence interval; AC, amniocentesis. Source: From Ref. 17. 
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Rhesus-negative mother must be given 300-ug anti-D 
immunoglobulin after amniocentesis, provided of course the 
indirect Coombs is negative (35,36). 

Other means to minimize the risk is the use of small-gauge 
needles and to avoid transplacental approach (36). 


Respiratory Distress 

A significant although small increased risk of neonatal 
respiratory distress was noted in some studies but not in 
others (9,37). This complication has been attributed to chronic 
oligohydramnios, which might follow amniocentesis. 


Orthopedic Abnormalities 

The British collaboration study (13) implied that amniocent- 
esis is associated with talipes equinovarus, congenital disloca- 
tion, and subluxation of the hip. This trend was not confirmed 
by other studies. This complication has been attributed to 
chronic oligohydramnios, which might follow amniocentesis. 


Transmission of Viral Diseases 

Before antiretroviral therapy (ART) use, maternal HIV 
infection was considered a relative contraindication for 
amniocentesis and invasive prenatal procedures. Since mater- 
nal ART has been used, amniotic fluid viral load is usually 
undetectable even if the virus was detectable in maternal blood 
samples. This finding raises the possibility to perform 
amniocentesis, when it is indicated, to provide the mother 
with an adequate antiretroviral treatment (38). 


Leakage of Amniotic Fluid and Vaginal Bleeding 

Uterine contractions and vaginal spotting are quite common 
(2-3%) after amniocentesis; however, they are almost always 
transient and self-limited. Leakage of amniotic fluid occurs in 
1% of women who underwent second-trimester amniocent- 
esis. It is usually small amount and the outcome is normal in 
90% of the patients who experienced fluid leakage (39). 


SPECIAL CIRCUMSTANCES 

Discolored Amniotic Fluid 

The presence of blood in the amniotic fluid occurs in a very 
small number of cases. It is usually of maternal origin and 
under no circumstances does it affect the culture or multi- 
plication of the cells. However, the presence of blood in the 
amniotic fluid is related to the increased possibility that 
the outcome of the pregnancy will not be good. Thus, the 
percentage of fetal losses in these cases reaches 33% of all losses 
(40-42). If at the same time the blood-stained or discolored 
amniotic fluid is accompanied by increased levels of alpha- 
fetoprotein (AFP), then in almost all instances the prenatal 
results will not be good. 


Amniocentesis in the Presence of Bleeding 
The fetal loss following amniocentesis in women who had 
bleeding before the procedure is probably increased. Antsaklis 
et al. found an excess loss rate of 0.6% in women who had 
experienced bleeding before amniocentesis (43). 

History of bleeding is not a contraindication for the 
procedure but patients should be counseled about the risks. 
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AMNIOCENTESIS IN MULTIPLE GESTATIONS 
Amniocentesis has been recognized as a relatively safe 
procedure for prenatal diagnosis in singletons. It has been 
a common practice to extrapolate data derived from 
singletons to multiples. However, implementation of invasive 
prenatal diagnostic modalities in twins or higher order 
pregnancies seems to be more complex. Amniocentesis can 
be safely performed on twins or higher multiple gestations as 
long as the sacs have been defined through ultrasound 
examination. The management and the prenatal diagnosis of 
a multiple pregnancy are challenging, not only related to the 
number of fetuses, but also strongly influenced by 
chorionicity. Chorionicity refers to the placentation whereas 
zygosity implies the genetic profile of the pregnancy and 
therefore determines the degree of risk and whether or not 
the fetuses may be concordant or discordant for chromo- 
somal abnormalities. 

The amniocentesis technique in multiple gestations is 
different from that used in a single gestation and therefore 
women should be referred to experienced centers. The 
number of fetuses, their positions, the number of gestation 
sacs and placentas, the gender, the age and the degree of 
development of each fetus, and finally the fetal anatomy are 
all-important and necessary elements of the ultrasound 
examination that precedes amniocentesis. An important 
element before amniocentesis is determining the position of 
each fetus, which is achieved by mapping the site of the 
placenta that is feeding the specific fetus, because the position 
of the placenta changes very little over time while the position 
of the fetus never remains stable. Consequently, in the case 
where after amniocentesis the problem of selective feticide 
arises due to an abnormal result, we must know which is the 
specific fetus in question and its reference point so that we can 
pinpoint it. This is nothing more than determining the 
position of the placenta, as determined by the mapping that 
was carried out before amniocentesis. 


The Risk of Aneuploidy in Multiple Gestations 

As far as zygosity represents the genetic makeup of the 
developing entity, accurate determination of this parameter is 
considered a prerequisite in multiple pregnancy prenatal 
screening for aneuploidies. In the clinical setting, zygosity is 
usually inferred from the ultrasound diagnosis of chorioni- 
city (44), the latter best achieved in the first trimester. In 
diamniotic (DA) pregnancies with fused placentas, measure- 
ments of the thickness of the dividing membrane using a cutoff 
value of 2mm can differentiate MC from dichorionic (DC) 
twinning, though a high inter- and intra-observer variability 
has been reported. Sonographic detection of the “lambda” or 
“twin peak” sign is reported as a more reliable indicator of DC 
placentation with an accuracy of 100% in 10 to 14 weeks of 
gestation (45). Delayed sonographic evaluation in the second 
trimester is associated with a 10% to 12% chorionicity 
misinterpretation rate (46,47), while after 20 weeks of 
gestation, the determination may turn out impossible. There- 
fore, in the absence of the “lambda” or “twin peak” sign in a 
DA twin pregnancy, single placentation and monozygosity is 
concluded, when the rare cases of MC-DZ (dizygotic) 
gestations following ART reported are not taken into 
consideration. However, when a single amniotic sac is 
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detected, monochorionicity is indisputable. Given that the 
great proportion (80-90%) of DC twins are DZ (48,49), 
chorionicity may roughly correspond to zygosity (50). 

Monozygotic (MZ) twins are always of the same sex and 
genetically identical and therefore the risk for chromosomal 
abnormalities does not differ from that in singletons. Very 
infrequently, mutations can cause genetic discordance 
between MZ siblings, involving mosaicism, skewed X- 
inactivation, differential gene imprinting, and small-scale 
mutation (51). Heterokaryotypia is used to define the rare 
karyotypic discordance, most commonly expressed by one 
fetus affected by Turner syndrome whereas the other presents 
either a normal male or normal female karyotype (52-54). MZ 
discordance for trisomy 21, Klinefelter syndrome, Patau 
syndrome, trisomy 21, and 22q11 deletion syndrome has also 
been described (54—58). 

However, these unusual discrepancies are not taken into 
consideration when calculating aneuploid risk, though should 
always be assumed when invasive prenatal diagnosis is 
performed dictating sampling from both sacs. 

In DZ twins, each embryo has an independent risk for 
aneuploidy and therefore the risk that at least one fetus being 
affected will be almost twice the maternal age risk for a 
singleton. The probability of both fetuses being involved is 
minimal (59). In cases with uncertain chorionicity and thus 
zygosity, aneuploidy risk assessment requires an estimation of 
the most likely zygosity, which may vary according to maternal 
age and race. In general, given that one-third of all twin pairs 
are MZ, the risk for one twin being aneuploid in case of 
unknown zygosity is calculated to five-thirds that of the 
singleton risk (46,50). 

Based on these estimations, a 33-year-old woman bearing 
twins has a risk for at least one aneuploid offspring, 
comparable with the risk of a 35-year-old woman bearing a 
singleton. On this assumption, such women should be offered 
prenatal testing (60). However, despite these aspects, reported 
series show a lower risk for fetal chromosomal abnormalities 
in live-born twins and this fact is probably due to the higher 
incidence of spontaneous loss of fetuses with aneuploidy. 


Technique 

Three methods of tapping multiple sacs have been described so 
far. The first and most common one, initially described by 
Elias et al. in 1980, involves two or more needle insertions, one 
for each sac, also called the technique of double amniocentesis 
(61-63) (Fig. 2). In a twin or higher order multiple pregnancy, 
two or more 22-gauge 3.5-inch spinal needles are separately 
and sequentially inserted transabdominally under ultrasound 
visualization into each sac and about 20 mL of amniotic fluid is 
readily aspirated and sent for cytogenetic evaluation or fetal 
karyotyping. A problem not infrequently faced with this 
technique is erroneously sampling the same amniotic sac 
twice. In order to eliminate this possibility, the sampled sac is 
marked with a blue dye ensuring that the sac is tapped only 
once. For this purpose, indigo carmine has been successfully 
used without any adverse effects (64), though a mild 
vasoconstrictive effect following intravenous injection has 
been described. However, the instillation of a foreign 
substance into the amniotic cavity is of concern. A technical 
disadvantage with the instillation of indigo carmine is that the 
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dye tends to concentrate at the bottom of the sac taking some 
time before the stained fluid surrounds the fetus. Methylene 
blue used as a marker dye in the past has been linked to certain 
toxic manifestations such as fetal hemolysis, fetal small bowel 
atresias, and fetal death (65-70). Nevertheless, the high- 
resolution ultrasound equipment currently available, in expert 
hands, may ensure accurate sampling from each sac (71,72), 
reserving the installation of dye for cases of amniotic volume 
discordance where detection of the septum is uncertain or 
high-order pregnancies where documentation and “labeling” 
of sacs turn out insecure (73). 

An alternative approach first described by Jeanty et al. in 
1990 is the single-needle insertion technique (74). The needle 
entry is made into the proximal sac near the insertion of the 
dividing membrane and 20 mL of amniotic fluid is retrieved. 
After the stylet is replaced, the needle is advanced through the 
second sac under direct ultrasound guidance. In order to avoid 
contamination, the first few milliliters of amniotic fluid are 
discarded and aspiration of 20mL from the second sac 
integrates the procedure. Many advantages linked to this 
technique have been reported: requiring only one needle 
insertion and being swifter and shorter reduces woman’s 
discomfort as well as the risk of post-procedural complica- 
tions. Moreover, advancing the needle through the septum 
between the two sacs under ultrasound guidance provides 
positive proof of tapping both of them, diminishing the need 
for dye insertion. However, potential disadvantages render this 
approach less popular. Possible contamination of the second 
sample with amniotic fluid and fetal cells from the first one 
may lead to an incorrect diagnosis of mosaicism in the second 
fetus. This complication can be avoided by strictly adhering to 
the technique, by replacing the stylet prior to intertwin 
membrane penetration and by discarding the first few 
milliliters from the second sac. Besides, the possibility of 
converting DA to pseudo-MA twin pregnancy with the 
correspondence risks for cord entanglement and the forma- 
tion of the amniotic band syndrome cannot be precluded (75). 
In addition, a technical difficulty in penetrating a “tenting” 
dividing membrane has been reported. 


Figure 2 Amniocentesis in twin gestation, which is performed on each 
gestation sac separately and sequentially (white arrow pointing tip of the 
needle in one sac and red arrow pointing septum). 
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Another approach called double simultaneous amniocentesis 
was introduced by Bahado-Singh et al. in 1992 (76). This 
technique involves two needles inserted separately into 
the amniotic sacs under ultrasound visualization like in the 
technique of double amniocentesis. The difference is that after 
aspiration of the amniotic fluid from the first sac, the needle is 
left in place indicating the sampled cavity and the second 
insertion is made into the other sac. The main advantage 
seems to be the documentation of correct sampling from each 
sac. However, it is not widely used mainly because it is more 
time consuming and thereby the experience with this 
approach is limited. 

Amniocentesis, like all prenatal diagnostic invasive proce- 
dures, must be preceded by a detailed ultrasound evaluation of 
the multiple pregnancy involving chorionicity and amnioni- 
city determination and documentation of the location of the 
placenta(s). Moreover, relative position, size, and anatomy of 
each fetus should be specified and “labeling” of the multiples 
using text and diagram should be performed to ensure correct 
sampling from each of them. Recently, the role of amniotic 
fluid alpha-fetoprotein values was evaluated in confirmation of 
both sacs in a dichorionic pregnancy being sampled (77). 

Concern regarding potential post-amniocentesis increase in 
fetal loss rate in multiples has led to a plethora of studies 
evaluating this parameter. 

The percentage of total fetal loss, as expressed by 
spontaneous abortions, stillbirths, and neonatal deaths, is 
approximately 10.8%, a percentage that is almost the same as 
the statistical miscarriage percentage that is observed in every 
twin gestation after the 17th week of gestation (42,78). 

Early reports suggested a higher fetal loss rate in twin 
pregnancies than in those with singletons (79-81). However, 
these studies did not take into account the possibility that the 
increased fetal wastage might be attributed to the twin 
pregnancy itself rather than the invasive procedure. Later on, 
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it was reported that the maternal history of twins per se carries 
a pregnancy loss rate up to 24 weeks of about 6.3% and 
severe prematurity (24-28 weeks) rate of about 8% (82). 
Most series of pregnancy outcome following second- 
trimester amniocentesis report loss rates before 20 weeks of 
gestation of between 1% and 2.5% and a much higher loss rate 
before 28 weeks. In a multicenter European study, the 
pregnancy loss rate was estimated to be 2.3% and 3.7% before 
20 and 28 weeks of gestation respectively (83). In a case- 
control study, a similar fetal loss rate was reported between 
sampled twins and unsampled matched twin controls 
(3.5% vs. 3.2%) (84). 

According to other studies, the percentage of fetal losses up 
to the 28th week of gestation in twin gestations after 
amniocentesis ranges from 3.57% to 3.78% versus 0.6% for 
single gestations. This means that the comparatively increased 
fetal losses observed in twin gestations versus singletons after 
amniocentesis are not due to amniocentesis, but rather due to 
the normally increased statistical percentage for abortions seen 
in twin gestations. 

In a recent review by Weisz and Rodeck (85), the pooled 
data regarding the pregnancy loss rate after amniocentesis are 
comparable with these background loss rates for twin 
pregnancies (Table 4). 

Finally, amniocentesis post multifetal pregnancy reduction 
(MFPR) does not seem to significantly increase the rate of fetal 
loss. However, one group has shown that amniocentesis post 
MFPR was significantly associated with increased risk of 
preterm delivery at 25 to 28 weeks (86). 


Early Amniocentesis 

Early amniocentesis was thought as an alternative option for 
early prenatal diagnosis in centers in which CVS was not 
offered. It was suggested to be performed between the 
12th and 15th gestational weeks. The technique used for 


Table 4 Fetal Loss Rate in Twin Pregnancies Following Amniocentesis 


Fetal loss (%) 


No. of twin <20 weeks of 
References pregnancies gestation 
Anderson et al., 1991 (81) 339 — 
Beekhuis et al., 1992 (98) 63 — 
Pruggmayer et al., 1991 (83) 529 I 
Ghidini et al., 1993 (84) 101 — 
Wapner et al., 1993 (99) 81 — 
Tabsh and Theroux, 1995 (100) 39 — 
Sebire et al., 1996 (101) 176 DBS 
McLean et al., 1998 (102) 79 5.6 
Zoppini et al., 1993 (103) 50 2 
Horger et al., 2001 (104) 71 — 
Yukobowich et al., 2001 (105) 476 BAS 
Antsaklis et al., 2002 (71) 347 - 


Abbreviations: CVS, chorionic villus sampling; MFPR, multifetal pregnancy reduction. 


Total fetal Control 
loss (%) group (%) Comment 

IDN - Compared with 0.6% miscarriage 

4.0 - A study evaluating maternal Hb as 
marking dye 

8.7 - 

3d aye Control group of twins without 
amniocentesis 

95 - Compared with 3.9% fetal loss rate 
after CVS 

9.4 - All amniocentesis post-MFPR 

4.0 -= Single-needle technique. Total loss 
attributed to procedure: 2.8% 

- - All amniocentesis post-MFPR 

7.6 - 

Va 0.63 Two control groups. Twins, 
without amniocentesis and 
singletons 

8.77 - 


Source: From Ref. 85. 
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performing early amniocentesis is similar to that used in 
classical amniocentesis and the amount of amniotic fluid 
removed is equal in milliliters to the weeks of gestation (87). 
Failure or difficulty in taking out the sample was due to 
tenting of the membrane caused by the needle (88). Since 
amniocentesis was performed quite early, it was thought 
that it could give the opportunity to examine the karyotype 
of the fetus and determine the AFP and acetylcholinesterase 
for the early detection of those cases that show increased risk 
for nervous system abnormalities (89-91) with the same 
safety as midtrimester amniocentesis. These expectations 
were confirmed by observational studies although definite 
conclusions could not be drawn because of the small 
numbers (92). 

The safety of early amniocentesis was not completely clear 
until the Canadian trial. In two randomized studies (93,94), 
fetal loss rate was significantly higher for early amniocentesis 
when compared with transabdominal CVS (TA-CVS). In 
another randomized trial (95), which compared the first- 
trimester and midtrimester amniocentesis, fetal losses were 
more frequently observed after first-trimester than after 
midtrimester amniocentesis. Additionally, early amniocentesis 
had a significantly higher rate of amniotic fluid leakage than 
TA-CVS and midtrimester amniocentesis. 

Excessive risk for talipes equinovarus has been uniformly 
observed in all early amniocentesis studies, with an even 
greater likelihood when physician confirms amniotic fluid 
leakage (17.7% vs. 0.5%) (93). Talipes can occur without 
apparent leakage of amniotic fluid, which likely results from a 
reduced amniotic fluid volume via transfer of amniotic fluid to 
the extra-embryonic coelomic space. TA-CVS did not have 
any effect on malformation rate. The Canadian study therefore 
indicated that early amniocentesis should be performed only if 
there is no alternative. 

In 2005, Alfirevic et al. conducted a systematic review (96) 
for the Cochrane collaboration, and the pooled total 
pregnancy loss after early amniocentesis was 7.6% compared 
with 5.9% after midtrimester amniocentesis. Similarly, the 
number of talipes equinovarus was higher in cases of early 
amniocentesis (1.3% vs. 0.09%). In the same review, 
combined total loss of pregnancy after early amniocentesis 
was 6.3% compared with 5% after CVS. 

It is therefore justified to say that early amniocentesis should 
be performed only in extenuating circumstances, especially 
since TA-CVS has undoubtedly been proved a safe and more 
effective alternative (97). 
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INTRODUCTION 

Two-dimensional (2D) ultrasound imaging of the fetal heart 
has been steadily evolving since its original descriptions in the 
early 1980s (1,2). Using current ultrasound platforms, it is 
now possible to image the fetal heart with a high degree of 
spatial and temporal resolution, which allows clinicians to 
make precise anatomic and functional diagnoses in the fetus 
with acquired or congenital heart disease (CHD). Use of color 
flow and pulsed-wave Doppler techniques in fetal cardiac 
imaging has further augmented the diagnostic capabilities of 
fetal echocardiography, to the point where diagnostic accuracy 
in many regards rivals that of trans-thoracic echocardiogra- 
phy. Understanding the capabilities and limitations of fetal 
cardiac assessment is particularly important in the current era, 
where the possibility of fetal therapy is now possible. It is also 
important in the current era to understand the broadening 
indications for fetal echocardiography, particularly as it 
pertains to fetal therapy. 

It is the purpose of this chapter to review the current status 
of fetal echocardiography with regard to (i) indications for and 
timing of fetal cardiac evaluation, (ii) standard imaging views 
and anatomic assessment, (iii) methods of assessing fetal 
cardiac function and rhythm, (iv) counseling the patient with 
fetal heart disease, and (v) highlight some of the newer 
advances and innovation in fetal echocardiography and fetal 
cardiology. 


INDICATIONS FOR FETAL ECHOCARDIOGRAPHY 

Cardiac defects in fetuses are one of the most frequently 
missed findings on prenatal ultrasound evaluation with 
significant complex consequences. This is partly related to 
the experience of the scanning examiner, capability of the 
scanning equipment used, natural history of evolution of 
CHD, and the number and timing of the scan. Therefore, 
specific indications for a detailed fetal echocardiographic 
evaluation at centers with appropriate expertise and facilities 
to screen for cardiac anomalies in fetuses at high risk have 
evolved. Although most of the infants are born to mothers 
who have no known risk factors, the yields of detection of 
CHD in fetuses in high-risk groups have been significantly 
higher than those in low-risk groups (3). A detailed fetal 
echocardiographic evaluation has been indicated in high-risk 
conditions (Table 1). The yield for the detection of CHD is 
variable with different indications. The family history as 
indication has 2% to 10% yield for detecting fetal heart defects, 
depending upon the number of previous siblings affected, type 
of CHD in the index sibling, associated syndrome, extracardiac 
malformations with CHD in the siblings, or parental heart 
defects (4,5). In contrast to this low-yielding indication, an 
abnormal obstetric sonogram suspecting anomalies of cardiac 
position or structures on screening examination has the 


highest yield of 50% to 60% as an indicator (6). Fetal 
arrhythmias and extracardiac anomalies of gastrointestinal 
system and genitourinary system have intermediate yield of 
25% to 30% as indicators (7,8). Nuchal translucency thickness 
of more than 5.5mm (above 95th percentile) has a prevalence 
of major CHD ~20% (9). Table 1 does not include the 
indications for fetal echocardiography in low-risk groups. Fetal 
echocardiographic screening in low-risk groups has been 
undertaken in some centers and countries with conflicting 
results. With advancement in screening program in all groups, 
early detection of CHDs in fetuses may prove beneficial in 
terms of outcomes of fetal cardiac intervention in the future. 

Early fetal echocardiography with the use of high-resolution 
transvaginal ultrasound between 13 and 16 weeks of gestation 
has provided the capability to demonstrate all cardiac 
structures and the majority of major CHDs. However, the 
reported sensitivity for detection of CHDs by early fetal 
echocardiography is up to ~65% (10). Limitation to the 
detection of some CHDs such as ventricular septal defect 
(VSD), double-outlet right ventricle (RV), as well as late-onset 
appearance of cardiac anomalies such as hypoplasia of one 
cardiac chamber/great artery in the presence of outflow tract 
obstruction and cardiac tumors suggest that early screening by 
transvaginal echocardiography should be followed by mid- 
gestational transabdominal echocardiography, which may 
yield an additional ~20% detection of CHDs (10). 


STANDARD IMAGING VIEWS AND ANATOMIC 
ASSESSMENT OF THE FETAL HEART 
Fetal echocardiography is commonly performed between 
18 and 22 weeks of gestational age (11). In later gestation, 
imaging may be more difficult due to increasing calcification of 
fetal ribs and a relative decrease in amniotic fluid volume. High- 
resolution ultrasound equipment with transducer frequencies 
from 5 to 7MHz should be used, with capabilities to perform 
M-mode, color Doppler, and spectral Doppler interrogation. 
A comprehensive fetal echocardiogram includes 2D imaging 
of the cardiac anatomy, spectral and color Doppler assessment 
of blood flows, and evaluation of cardiac function and rhythm. 
Multiple tomographic planes used to image the fetal 
cardiovascular system have been described (11,12) (Figs. 1,2). 


Fetal Position and Abdominal Situs 

The first step in the evaluation of the fetal heart is to establish 
fetal position within the maternal abdomen (vertex, breech, 
transverse, supine, prone) and to establish fetal left and right 
sides. From a transverse section of the fetal abdomen, visceral 
situs is assessed by demonstrating the relative position of the 
stomach, hepatic vessels, abdominal aorta, and inferior vena 
cava (IVC). Normal abdominal situs (situs solitus) is 
characterized by the stomach bubble on the fetal left side, 
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Table 1 Indications for Fetal Echocardiography in 
Subpopulation at High Risk for Congenital Heart Disease 
(CHD) 


Increased risk based on family history 
Positive family history of CHD in previous child/children and 
parents 
Positive family history of syndromes or malformations 
associated with CHD 
CHARGE, DiGeorge, Holt-Oram, Marfan, Noonan, 
Williams—Beuren 
Increased risk due to maternal conditions 
Maternal diseases 
Diabetes mellitus 
Phenylketonuria 
Collagen vascular disease 
Exposure to teratogens in pregnancy 
Teratogenic drugs: alcohol, amphetamine, anticonvulsants, 
lithium, retinoic acid, warfarin 
Intrauterine infections 
Rubella, myocarditis from cytomegalovirus, coxsackievirus, 
and parvovirus 
High doses of ionizing radiation 
Increased risk due to fetal conditions 
Documented fetal anomaly 
Abnormal obstetric sonogram 
Suspected cardiac anomaly, abnormal cardiac position 
Extracardiac malformations frequently associated with cardiac 
anomaly 
Ectopia cordis, microcephaly, VACTERL, omphalocele, 
horseshoe kidney, single umbilical artery 
Arrhythmia 
Bradyarrhythmia 
Tachyarrhythmia 
Complete heart block 
Nonimmune hydrops fetalis 
Nuchal edema or hygromata, increased thickness of nuchal 
translucency 
Amniotic fluid abnormality 
In utero diagnosed chromosome anomaly 
Twin gestation 
Monozygous twin 
Conjoint twin 
Abbreviation. VACTERL, vertebral abnormalities, anal atresia, cardiac 


abnormalities, tracheoesophageal fistula and/or esophageal atresia, renal 
agenesis and dysplasia, and limb defects. 


liver with hepatic vessels on the right side, abdominal aorta to 
the left of the fetal spine, and IVC to the right of the fetal spine 
and slightly anterior to the aorta (Fig. 3). In situs inversus, 
there is a mirror-image arrangement of these organs and 
vessels. Situs ambiguous denotes when neither situs solitus nor 
inversus is present; this is also referred to as heterotaxy and is 
commonly associated with complex congenital heart defects 
and splenic abnormalities (asplenia or polysplenia). 


Four-Chamber View 

Moving the transducer cephalad from the abdominal trans- 
verse view to a transverse view of the fetal chest should 
demonstrate the heart in the left hemithorax with the apex 
pointing to the left (levocardia). Also with this sweep, entrance 
of the IVC into the right atrium (RA) is demonstrated. 
Dextroposition of the heart is present when the fetal heart is 
found in the right hemithorax, such as when the heart is 
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externally shifted to the right by a left-sided diaphragmatic 
hernia or cystic adenomatous malformation, or when 
hypoplasia of the right lung is present; however, the cardiac 
apex still points to the left. The term “dextrocardia” denotes 
the apex of the heart is pointed to the right. Dextrocardia in 
the presence of normal situs solitus is associated with CHD in 
95% of cases (13). By contrast, in situs inversus totalis, where 
both stomach and heart are on the right side, heart defects 
are rare. 

A transverse section of the fetal chest provides a four- 
chamber view of the heart, and this is usually easily obtained 
(Fig. 4). The heart should fill about one-third of the thoracic 
area or about half the thoracic circumference (14,15). Cardiac 
axis refers to the angle between a line along the interventricular 
septum and the thoracic anteroposterior midline and is 
normally around 45° + 20° (16-18). Significant levorotation 
of the cardiac axis is often the first clue to the presence of a 
congenital heart defect (17,18). 

In the normal four-chamber view, the RA and left atrium 
(LA) are approximately equal in size, and the RV and left 
ventricle (LV) are also approximately equal in size and 
thickness, with the RV becoming slightly larger than the LV as 
gestation progresses (14). The LA is the most posterior cardiac 
chamber and lies anterior to the descending aorta. The flap of 
the foramen ovale (septum primum) moves from the RA into 
LA, billowing about half-way into the LA, consistent with the 
right-to-left direction of foramen ovale flow in fetal circula- 
tion. The RV is the most anterior cardiac chamber and sits just 
posterior to the sternum. The LV cavity comprises the cardiac 
apex. The RV can be identified by the moderator band that 
courses across the lower part of the RV, from the 
interventricular septum to the RV free wall. The RV is also 
identified by the tricuspid valve that inserts into it. The 
atrioventricular valves are slightly offset from each other, with 
the tricuspid valve attaching slightly more apically than the 
mitral valve. From the four-chamber view, a posterior sweep 
will show the coronary sinus, which should be a thin structure 
that courses within the LA (Fig. 5). A dilated coronary sinus is 
seen when a persistent left superior vena cava (SVC) or 
anomalous pulmonary veins are present. 

Addition of color Doppler in the four-chamber view will 
demonstrate inflow from atria to ventricles. A small amount of 
tricuspid regurgitation may be seen in the normal fetus (19). 
Pulmonary venous flow is seen entering the LA; at least one 
pulmonary vein from both the left and the right should be 
demonstrated. Evaluation of atrial and ventricular septa by 
color Doppler to assess for septal defects is best undertaken in 
planes perpendicular to the septa. Foramen ovale flow is seen 
from RA to LA, and VSDs in the muscular and inlet parts of 
the ventricular septum may be seen in this view. Small 
muscular VSDs may be seen throughout gestation, and many 
spontaneously close prior to delivery. 

In addition to VSDs, other heart defects may be identified in 
the four-chamber view (20). Ebstein’s anomaly of the tricuspid 
valve is characterized by apical displacement of the septal 
leaflet of the tricuspid valve with associated tricuspid 
regurgitation and atrialization of the RV. Atrioventricular 
canal (endocardial cushion) defects result in a spectrum of 
defects ranging from a primum atrial septal defect (ASD) with 
cleft mitral valve, to a complete atrioventricular canal defect 
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Figure 1 Illustration of the tomographic planes used to image the fetal cardiovascular system. 1, apical (four-chamber) view; 2, apical (four-chamber) view angled 


toward the aorta; 3, long-axis view of the left ventricular outflow tract; 4, long-axis view of the right ventricular outflow tract; 5, short-axis view at the level of the 
great vessels; 6, short-axis view with caudad angling at level of ventricles; 7, caval long-axis view; 8, ductal arch view; 9, aortic arch view. Source: From American 


Society of Echocardiography. 


with a single common atrioventricular (AV) valve, primum 
ASD, and inlet VSD. A primum ASD is seen when the inferior 
aspect of the atrial septum is deficient. An inlet VSD is seen 
when the ventricular septum adjacent to the AV valves is 
deficient. An atrioventricular canal defect should be suspected 
when the AV valves appear at the same level in the four- 
chamber view, without the usual offset of tricuspid and mitral 
valves. 

Ventricular hypoplasia or dilation is easily appreciated in 
the four-chamber view. A hypoplastic RV is seen in tricuspid 
atresia and in pulmonary atresia with intact ventricular 
septum. A small LV is seen in hypoplastic left heart syndrome; 
this is characterized by severe stenosis or atresia of the mitral 
and aortic valves and severe hypoplasia of the aortic arch. 
Other complex, functionally single ventricle lesions include 
double-inlet LV and unbalanced atrioventricular canal defects 
with hypoplasia of either ventricle. The latter are commonly 
associated with heterotaxy syndromes (situs ambiguous with 
asplenia or polysplenia) (13). 

Ventricular dilation may signify the presence of regurgita- 
tion of the respective AV valve or obstruction of the respective 


proximal outflow tract, and the addition of color and spectral 
Doppler should be used to assess these areas. RV dilation with 
RA dilation and tricuspid regurgitation is seen when there is 
obstruction to the ductal arch (e.g., premature ductal closure) 
or aortic arch (e.g., coarctation of the aorta). 

Importantly, the four-chamber view is inadequate for 
excluding transposition of the great arteries and conotruncal 
defects such as tetralogy of Fallot and truncus arteriosus. 


Long-Axis View 

While the four-chamber view is the only view of the heart 
required for standard second-and third-trimester fetal exam- 
inations, the addition of outflow tracts has been shown to yield 
higher detection of congenital heart anomalies than the four- 
chamber view alone (21-23). From the four-chamber view, 
sweeping cephalad will demonstrate the ventricular outflow 
tracts and the relationship of the great arteries. The aorta arises 
from the posterior LV and aims toward the fetal right shoulder 
(Fig. 6). The pulmonary artery (PA) arises from the anterior 
RV and courses leftward and posteriorly, crossing the aorta, 
extending to the ductus arteriosus, which then meets the 
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Figure 2 Illustrations of the anatomical correlates for each of the designated tomographic imaging planes used for imaging the fetal cardiovascular system. Each 


numbered view relates to the clockwise illustration of the fetal heart in Figure 1. 
ventricle; MV, mitral valve; PA, pulmonary artery; PD, patent ductus; RA, right atrium; RV, right ventricle; SVC, superior vena cava. 


Society of Echocardiography. 


descending aorta. Continuity between the mitral and aortic 
valves is demonstrated in this view, and the anterosuperior 
aspect of the ventricular septum can be interrogated to rule out 
a VSD. Discontinuity of the mitral and aortic valves is 
characteristic of double-outlet RV lesions. 

An aorta that overrides a large malalignment VSD is seen in 
tetralogy of Fallot, where there is associated pulmonary 


Abbreviations: Ao, Aorta; IVC, inferior vena cava; LA, left atrium; LV, left 
Source: From American 


outflow tract obstruction, and in truncus arteriosus, where 
there is a single semilunar (truncal) valve and the branch 
pulmonary arteries usually arise from the ascending aorta. 
The subaortic area is also visualized in the long-axis view. 
Posterior malalignment of the ventricular septum produces a 
VSD and crowding of the left ventricular outflow tract 
producing varying degrees of subaortic obstruction. In these 
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Figure 3 Abdominal situs. Transverse view of abdomen. Abbreviations: St, 
stomach; Ao, Aorta; IVC, inferior vena cava; Sp, spine. 


Figure 4 Four-chamber view. Abbreviations: RA, right atrium; RV, right 
ventricle; LA, left atrium; LV, left ventricle; Ao, aorta; Sp, spine. Note the 
moderator band traversing the inferior aspect of the RV. 


instances, obstruction or interruption of the aortic arch may 
also be present. 

If the anterior vessel is the aorta, then transposition or 
malposition of the great arteries is present. D-Transposition of 
the great arteries is recognized by the anterior RV giving rise to 
the aorta and the PA arising from the LV. The outflow tracts 
do not cross normally and instead travel in a parallel fashion. 
VSDs may also be seen with transposition of the great arteries. 

In the normal fetal heart, the pulmonary valve and PA are 
slightly larger than the aortic valve and proximal aorta, and 
normal reference values based on gestational age have been 
reported (24). If the PA is hypoplastic, pulmonary stenosis or 
tetralogy of Fallot should be suspected, and the valve 
morphology and Doppler gradient be carefully evaluated. 
The aorta is often dilated in tetralogy of Fallot and truncus 
arteriosus. If the aorta is small, aortic stenosis and/or other left 
heart obstructive lesions such as coarctation of the aorta or 
interrupted aortic arch may be present. 


Figure 5 Coronary sinus. Abbreviations: RA, right atrium; RV, right 
ventricle; LV, left ventricle; CS, coronary sinus. 


Figure 6 Slight cephalad angulation from the four-chamber view shows the 
left ventricular outflow tract. Abbreviations: RA, right atrium; RV, right 
ventricle; LA, left atrium; LV, left ventricle; Ao, aorta; Sp, spine. 


Three-Vessel View 

Sweeping further cephalad in a transverse plane will produce 
the three-vessel view. This is a cross-sectional view at the level 
of the superior mediastinum, displaying the normal relation- 
ship and size differences of the PA, aorta, and SVC (Fig. 7). 
The PA is seen in long axis in this view and is the larger, most 
anterior, and leftward vessel; the aorta is slightly smaller, to the 
right, and posterior to the PA; and the SVC is the smallest, 
most posterior, and rightward vessel. Discrepancies in the size 
of the PA and aorta may signify subtle pathology of the outflow 
tracts or arches, and a dilated SVC may be seen when an 
interrupted IVC with azygous continuation or vein of Galen 
aneurysm is present (25). 


Short-Axis View 

The short-axis view is obtained by rotating perpendicular to 
the long-axis view. This view is important in confirming the 
normal relationship of the great arteries. The aorta is seen in 
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Figure 7 Three-vessel view. Abbreviations: PA, pulmonary artery; Ao, aorta; 
SVC, superior vena cava; Sp, spine. 


Figure 8 Short-axis view. Abbreviations: LA, left atrium; AS, atrial septum; 
IVC, inferior vena cava; RA, right atrium; TV, tricuspid valve; RV, right 
ventricle; PV, pulmonary valve. The aortic valve is seen in cross section in the 
middle of the short-axis view. 


cross section as a circular structure, with the PA wrapping 
around the aorta as it arises from the anterior ventricle (Fig. 8). 
The main PA can be seen bifurcating into the ductus arteriosus 
and right PA and slight angulation to fetal left will show the 
left PA. 

Slight inferior angulation from the short-axis view of the 
great arteries shows the ventricles in short axis. Quantitative 
assessment of RV and LV function can be made from this view, 
and M-mode interrogation through the ventricles allows 
measurement of RV and LV systolic and diastolic dimen- 
sions (26). These dimensions can be used to quantitatively 
assess ventricular function by calculating a shortening fraction 
(end-diastolic dimension — end-systolic dimension/end- 
diastolic dimension). Normal shortening fraction for the RV 
and LV is 34 + 3% (27). 
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Figure 9 Ductal arch view. The ductus arteriosus arises from the anterior right 
ventricle and connects to the descending aorta, making a “hockey-stick” 
configuration. 


Figure 10 Aortic arch view. The aorta arises from the central thorax and 
normally gives rise to three brachiocephalic vessels. The aortic arch makes a 
“candy cane” configuration. 


Ductal View 

The ductal view is obtained in the fetal sagittal plane. The 
ductal arch has a flatter contour (“hockey-stick” shape) than 
the aortic arch as it arises anteriorly from the PA and connects 
to the descending aorta (Fig. 9). It lies more caudally than the 
aortic arch. Color Doppler interrogation demonstrates the 
normal right-to-left ductal flow (PA to descending aorta). 
Direction of ductal flow is reversed (aorta to PA) when there is 
obstruction to pulmonary blood flow, as in pulmonary atresia 
or severe pulmonaty stenosis. 


Aortic Arch View 

The aortic arch is also best viewed in a sagittal plane and is 
obtained from the ductal view by slight angulation of the 
transducer. The aortic arch arises centrally from the heart in 
the mid-thorax and aims toward the fetal head. It has a “candy 
cane” contour and is identified by the three brachiocephalic 
vessels that arise from it (Fig. 10). Color Doppler interrogation 
confirms antegrade flow through the ascending aorta and 
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Figure 11 Bicaval view. Abbreviations: IVC, inferior vena cava; SVC, 
superior vena cava; RA, right atrium; RV, right ventricle. 


aortic arch. Both spectral and color Doppler are used to assess 
for obstruction; however, even in the setting of a normal- 
appearing arch, coarctation of the aorta cannot be ruled out 
owing to the presence of a large ductus arteriosus. Retrograde 
aortic arch flow from the ductus arteriosus is seen in critical 
left heart obstructive lesions such as hypoplastic left heart 
syndrome and critical aortic stenosis. 


Caval Long-Axis View 

This view is obtained from the aortic arch view by sliding from 
the left parasagittal chest to the right. Bicaval return to the RA 
can be seen (Fig. 11). The septum primum is seen extending 
into the LA and use of color Doppler demonstrates the normal 
right-to-left flow across the foramen ovale. Reversal of 
foramen ovale flow, from LA to RA, is seen in critical left 
heart hypoplasia/obstructive lesions. The ductus venosus, a 
fetal shunt connecting the umbilical vein (UV) with the IVC, 
can be seen entering the left hepatic vein—IVC junction just 
below the diaphragm and RA. 

It is important to note than even with a comprehensive fetal 
echocardiogram, there are congenital heart defects that cannot 
be ruled out. As flow normally occurs across the atrial septum 
via the foramen ovale, the presence of an ASD cannot be 
excluded, particularly of the secundum type. Coarctation of 
the aorta may be difficult to exclude in the presence of a large 
ductus arteriosus; secondary findings of RV dilation and 
tricuspid regurgitation may be seen with a significant 
coarctation and are clues to its presence. 


FETAL CARDIAC FUNCTIONAL ASSESSMENT 

The 2D and Doppler echocardiography have become not only 
an integral component in the assessment of anatomic 
anomalies of the fetal heart, but also an important tool in 
the assessment of fetal hemodynamic status. Various techni- 
ques for assessing fetal cardiovascular function exist and can be 
utilized to assess fetuses with cardiovascular compromise due 
to a variety of cardiac and noncardiac causes (Table 2). 
As many of the conditions associated with fetal cardiac 
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Table 2 Examples of Conditions Associated with Fetal 
Cardiac Compromise 
Condition 
Cardiac disease Severe valve regurgitations 
Tetralogy of Fallot with absent pulmonary 
valve 
AV septal defect with AV valve regurgitation 
Ebstein anomaly of the tricuspid valve 
Elevated ventricular afterload 
Bilateral semilunar valve stenosis 
Constriction of the ductus arteriosus 
Fetal arrhythmia 
Fetal tachyarrhythmia 
Complete AV block 
Restrictive foramen ovale 
Volume overload/high cardiac output lesions 
Fetal anemia 
Arteriovenous fistulae 
Sacrococcygeal or cervical teratoma 
TRAP sequence 
Placental chorioangioma 
High cardiac afterload 
Recipient twin in TTTS 
Placental insufficiency 
Congenital cystic adenomatoid malformation 


Noncardiac 
disease 


Abbreviations: AV, atrioventricular; TRAP, twin reversed arterial perfusion; 
TTTS, twin-twin transfusion syndrome. 


compromise now have fetal therapeutic options, understand- 
ing and identifying fetal cardiac dysfunction in the current era 
assume even greater importance, because accurate description 
of cardiac natural history should become an important 
component in determining patient selection and timing of 
intervention. 

This section reviews common 2D and Doppler methods of 
assessing fetal cardiovascular status, describes the changes in 
these indices that are characteristic of fetal cardiac compro- 
mise, and offers a clinical approach to the comprehensive 
assessment of fetal cardiovascular function. The components 
of the complete fetal cardiac assessment are outlined in 
Table 3. 


Assessment of Systolic Ventricular Function in the Fetus 
The fetal myocardium differs maturationally from the “adult” 
state, and these features must be considered when evaluating 
cardiac function in the setting of altered loading condi- 
tions (28,29). The fetal myocardium responds to preload with 
higher resting and reduced active tension generation, due in 
part to higher concentrations of noncontractile proteins in the 
fetal versus the mature heart. The fetal response to afterload is 
also different, with a significant reduction in fiber shortening 
in the setting of increased afterload (29). These differences 
must be kept in mind when evaluating ventricular systolic 
function in settings where pathologic loading conditions 
likely exist. 


2D Assessment of Fetal Systolic Function 

In the past, assessment of fetal ventricular systolic function has 
often consisted of qualitative assessments. Current practice is 
generally more quantitative. On initial 2D imaging of the fetus, 
it is important to note the presence of hydrops fetalis and/or 
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its component findings. Overall, cardiac size is often a sign 
of altered hemodynamics in the fetus; in addition to 
qualitative assessment, the cardiothoracic ratio can be used to 
quantitatively express the degree of cardiac enlargement. In our 
lab, we utilize the ratio of the cardiac area (in the four-chamber 
view) to the thoracic area in the same view (Fig. 12), with 
normal values generally being <0.35 (30). It is also useful to 
examine why the heart is large, which may be due to ventricular 
enlargement, atrial dilation, ventricular hypertrophy, or a 
combination of these findings, as this may provide further clues 
as to the etiology of the cardiac abnormality. On 2D and/or 
M-mode imaging of the RV and LV, quantitative assessment of 
both RV and LV shortening fraction is also possible (27,31-33) 
(Fig. 12). In addition to subjective assessment of ventricular 
wall thickness, quantitation of RV and LV wall thickness is 
possible, and there are published normal values against which 
measurements can be compared (34). 


Doppler Assessment of Fetal Cardiac Function: General 
Comments 

The 2D and M-mode imaging can be limited on fetal 
echocardiography due to marginal acoustic windows or fetal 
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position, sometimes limiting the utility of these methods. 
There are now a number of Doppler indices—sometimes 
more readily obtained in the setting of marginal 2D 
imaging windows—on fetal echocardiography that describe 
systolic and diastolic cardiac functions. Classically, Doppler 
characterization of systemic venous flow—in the IVC, ductus 
venosus, UV, and artery—has been utilized to identify changes 
associated with elevations of central venous pressure and 
changes in vascular flow distribution. More recently, the 
Doppler myocardial performance index has emerged as a 
promising new index for assessment of global—systolic and 
diastolic—ventricular function. 


Doppler Assessment of Fetal Systolic Function 

Myocardial Performance Index 

The myocardial performance index (MPI) was originally 
described by Tei and colleagues in 1995 (35). The MPI is in 
actuality an index of global ventricular function, as calculation 
of the index incorporates both diastolic and systolic time 
intervals into assessment of ventricular function. The MPI is 
calculated as 


(IRT + ICT)/ET, 


Table 3 Elements of Comprehensive Cardiovascular Functional Exam in the Fetus 


General 


Echocardiographic Assessment 


Presence of hydrops fetalis 


Cardiothoracic area ratio 
Color flow Doppler evaluation of AV valve regurgitation 


Systolic function 


The 2D or M-mode assessment of RV and LV shortening fraction 


Myocardial performance index (global function) 
Ventricular dP/dt (when AV valve regurgitation present) 


Diastolic function 


Tricuspid and mitral AV valve inflow profile (E and A velocity, E/A wave 


ratio, presence of monophasic inflow profile) 
Myocardial performance index (global function) 
IVC or hepatic venous flow (ratio of reverse flow VTI and forward flow VTI) 
Ductus venosus flow (presence or absence of absent or reverse end-diastolic 
flow, increased pulsatility index) 
Umbilical venous flow (presence or absence of pulsations) 


Abbreviations: AV, atrioventricular; IVC, inferior vena cava; LV, left ventricular; RV, right ventricular; VTI, Doppler velocity—time integral. 


Circum = 7.75 cm 
Area = 4.57 cm? 


Donne 
D2 =3.92 cm 


Circum = 12.54 cm 
Area = 12.52 cm* 


CTR = 0.37 


RV SF =0.40 


Figure 12 Left panel: Assessment of cardiothoracic ratio (CTR). The cardiac area in the four-chamber view is divided by the thoracic area. In this example, the 
CTR is mildly elevated at 0.37 (normal, $0.35). Right panel: Quantitation of ventricular shortening fraction (SF). In this example, M-mode through the right 
ventricular (RV) short axis allows measurement of the RV end-diastolic dimension (solid arrow) and end-systolic dimension (dashed arrow). The RVSF is 
calculated as (RV end-diastolic dimension — RV end-systolic dimension)/(RV end-diastolic dimension). 
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where IRT is the isovolumic relaxation time, ICT is the 
isovolumic contraction time, and ET is the ventricular ejection 
time. The sum of IRT and ICT can be derived from subtracting 
the ET from the time period “A” between cessation of 
atrioventricular valve inflow and onset of atrioventricular valve 
inflow in the next cardiac cycle (Fig. 13). With systolic 
dysfunction, ICT lengthens and ET shortens; diastolic 
dysfunction will manifest as prolonged IRT. Therefore, an 
elevation in the MPI indicates ventricular dysfunction, 
although the index does not allow specific identification of 
diastolic or systolic dysfunction. Normal values for both 
RV and LV MPI have been reported. In our laboratory, normal 
RV and LV MPI are 0.32 + 0.08 and 0.33 + 0.05, respectively. 
Both Eidem and Mori et al. reported comparable normal 
values for RV MPI to be approximately 0.35 + 0.06 (36,37), 
although higher LV MPI in normal fetuses (0.55 + 0.13) has 
been reported (38). The MPI in the fetus has shown to be 
significantly elevated in a number of disease states, including 
twin-twin transfusion syndrome (39,40), fetuses of diabetic 
mothers (41), constriction of the ductus arteriosus (37), and 
cardiomyopathy (42). 


Color Flow Doppler Assessment 

In addition to the quantitative techniques described above, it 
is important to evaluate atrioventricular valve function— 
specifically, for evidence of valve regurgitation—by color flow 
Doppler imaging. Tricuspid and mitral regurgitation—with 
normal valve anatomy—often develops in the setting of fetal 
cardiac compromise (27,39,43-46) and should be evaluated 
during echocardiography in any fetus with suspected cardiac 
dysfunction. 


Assessment of Diastolic Ventricular Function in the Fetus 
Diastolic ventricular function is also “immature” in the fetal 
heart (28,47,48). Fetal ventricular relaxation is reduced in 
the fetus, although there are progressive changes in ventri- 
cular inflow Doppler patterns that demonstrate impro- 
ving ventricular relaxation throughout gestation (47,49). 
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Ventricular compliance characteristics demonstrate increased 
“stiffness” of the fetal heart (50). In fact, it is likely that 
diastolic dysfunction precedes overt ventricular systolic 
dysfunction or hydrops in a number of settings, making an 
understanding of the Doppler manifestations of fetal diastolic 
dysfunction important. For example, it has been reported that 
Doppler evidence of diastolic dysfunction will often be present 
prior to onset of ventricular systolic dysfunction in recipient 
twins in the setting of twin-twin transfusion syndrome 
(39,40), as well as in fetuses with growth restriction (31). 

Doppler assessment of diastolic function in the fetus 
consists of two primary components: (i) assessment of 
Doppler flow patterns in the fetal venous system and 
(ii) assessment of Doppler flow patterns across the atrioven- 
tricular valves. 


Assessment of Doppler Flow Patterns in the Fetal Venous System 
There is a large body of literature describing changes in fetal 
venous Doppler flow patterns in a variety of disease states. In 
all of these conditions, changes in Doppler venous flow 
patterns are felt to be a reflection of elevated central venous 
pressure related to increased ventricular filling pressures. 
The magnitude of these changes has been correlated to severity 
of compromise in several studies (51-55). 

The central finding in the compromised fetus is an increase 
in the magnitude of the blood flow away from the heart during 
atrial systole. This is manifested as changes in the Doppler flow 
profile in several important vessels: 


1. IVC/hepatic veins 
2. Ductus venosus 
3. UV 


It should be noted that as fetal cardiac compromise leads to 
elevation of central venous and ventricular filling pressure, 
venous flow reversals during atrial systole will manifest first 
proximally, in the IVC and hepatic veins. As compromise 
worsens, findings will then move distally—or “upstream”— 
into the ductus venosus and UV (43). 


Figure 13 Simultaneous pulsed-wave Doppler of left ventricular inflow (below baseline) and outflow (above baseline). The mitral valve inflow is characterized by 
an early diastolic E-wave and a late diastolic A-wave (see text). The myocardial performance index is calculated as: (A — ET)/ET (see text). 
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IVC and Hepatic Veins 

In the IVC and hepatic veins, normal venous flow consists of a 
phasic low-velocity pattern consisting of an S wave during 
ventricular systole, a D wave during passive diastolic filling, 
and a small reversal in flow—the A wave—during atrial systole 
(Fig. 14). Normal values for IVC and hepatic venous S, D, and 
A waves throughout gestation have been reported (56); 
interestingly, the magnitude of the atrial systolic flow reversal 
diminishes in the course of normal development, suggesting 
improvements in ventricular compliance (57,58). Another 
method of evaluating the magnitude of the atrial systolic flow 
reversal is as a ratio of reverse flow to forward flow. The time- 
velocity integral of both reverse and forward flow are 
measured and expressed as a percentage; it has been reported 
that ratios in excess of 7% are abnormal (43) (Fig. 14). 


Ductus Venosus 

Doppler assessment of the ductus venosus (DV) is important to 
incorporate into the comprehensive fetal echocardiogram, 
particularly if cardiac dysfunction is suspected, as changes in 
the DV and UV are reflective of the central venous and/or right 
atrial pressures. In some cases, this is not always a poor 
prognostic sign, as in the case of right heart obstructive 
lesions (59), such as tricuspid atresia or pulmonary atresia with 
intact ventricular septum, where the entire systemic and 
umbilical venous return is forced to cross the foramen ovale. In 
this setting, abnormalities of venous Doppler flow may be noted 
in a setting where fetal cardiovascular compromise is quite rare. 


The presence of umbilical venous pulsations is a finding 
associated with severe cardiovascular compromise and has 
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been correlated to poor prognosis in the setting of non- 
immune hydrops due to cardiomyopathy (44), twin-twin 
transfusion syndrome, arrhythmia, and structural heart 
disease (55,60). It has been suggested, however, that, although 
specific, UV pulsations are not sensitive enough to be clinically 
useful in identifying fetal cardiovascular compromise at a 
time when poor outcome could be avoided (61). Further 
work should probably be focused on which venous Doppler 
changes—in IVC, DV, or UV—have the greatest clinical utility 
in early identification of the fetus in distress, so that 
management may be initiated before the fetus presents in a 
pre-morbid state. 


Doppler Assessment of AV Valve Inflow Doppler Flow 
Profile 

Pulsed-wave Doppler assessment of both trans-mitral and 
trans-tricuspid flow patterns should be performed during 
fetal cardiac functional evaluation. The Doppler E-wave 
velocity reflects early diastolic ventricular filling, where the 
A wave reflects ventricular filling that occurs during atrial 
contraction (Fig. 13). In the fetus, the AV valve Doppler E- 
wave velocity is lower than the A-wave velocity. The ratio of 
E wave to A-wave velocity increases progressively during 
gestation (49,62), reflecting more rapid myocardial relaxa- 
tion in diastole. In pathologic circumstances, a number of 
changes in AV valve inflow Doppler profiles have been 
described. In twin-twin transfusion syndrome and fetal 
cardiomyopathy, the AV inflow E- and A-wave velocity 
ratio increases (39). However, in other settings, the E- and 
A-wave ratio has been noted to decrease, such as in the 
setting of intrauterine growth restriction (31,63) or fetuses 
of diabetic mothers (64). In the most severe cases of 


Figure 14 Hepatic venous Doppler evaluation. Normal hepatic venous flow (panel A) is characterized by a systolic S-wave, early diastolic D-wave, and an A-wave 
of reversed flow during atrial contraction (open arrows). The calculation of the forward and reverse (A-wave) velocity—time integral (VTI) is shown in red. With 
increasing central venous pressure, the magnitude of the hepatic venous A-wave will increase (solid white arrows, panel B). 
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ventricular dysfunction, the AV inflow profile becomes 
monophasic (Fig. 15), which is a finding consistent with 
severe diastolic dysfunction. 


Doppler Assessment of “Critical” Outflow Tract 
Obstructive Lesions 

Another “functional” aspect of fetal echocardiographic assess- 
ment is identification of critical outflow tract obstruction, for 
example, in the setting of severe pulmonary stenosis (RV 
outflow tract obstruction) or severe aortic valve stenosis (LV 
outflow tract obstruction). In these settings, identification of 
“reversed” physiologic shunting in the fetus can allow 
clinicians to make the diagnosis of critical outflow tract 
obstruction and make the appropriate perinatal management 
decisions for each case. 

In the setting of RV outflow tract—or more specifically, 
pulmonary outflow tract—obstruction, identification of 
reversed flow in the ductus arteriosus (from aorta to PA) 
heralds a fetus who will require maintenance of ductal patency 
to avoid critical hypoxemia related to pulmonary outflow tract 
obstruction after birth (65). In the setting of a left heart 
obstructive lesion such as aortic stenosis, left to right flow 
across the foramen ovale and reversal of flow in the aortic arch 
can be identified and used to confirm the diagnosis of critical 
left heart obstruction (65). In this setting, maintenance of 
ductal patency postnatally will prevent compromise of 
systemic perfusion and impending shock. 
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In all of these settings, the physiologic data obtained on 
fetal echocardiography can be used to determine severity of 
the anatomic lesion and make appropriate management 
decisions, for example, delivery at a level III perinatal center, 
institution of prostaglandin infusion to maintain ductal 
patency, and transfer to a pediatric cardiac center, in advance 


of birth. 


FETAL ARRHYTHMIAS 

The fetal arrhythmias encountered in fetal cardiology practice 
can be broadly categorized into tachyarrhythmias, bradyar- 
rhythmias, and irregular cardiac rhythms with a normal 
heart rate. 


Fetal Tachyarrhythmias 

Fetal arrhythmia causing tachycardia is an important cause of 
fetal morbidity and mortality (66-69). Fetal tachycardia is 
defined as a fetal heart rate 2200 beats per minute (bpm) (69). 
Both sustained tachycardia (present 212 consecutive 
hours) (70) as well as intermittent tachycardias are risk factors 
for fetal congestive heart failure (67,71). 

The majority of fetal tachycardias are due to supraven- 
tricular tachycardia (SVT). Characteristically, it shows 1:1 
atrioventricular contraction sequence, abrupt onset and 
termination, and minimal (within 10bpm range) or no heart 
rate variability. The fetal heart rate can range from 220 to 
300 bpm. Atrial flutter due to intra-atrial reentrant mechanism 


Figure 15 Pulsed-wave Doppler evaluation of mitral valve inflow. The Doppler sample volume is below (downstream) the mitral valve. In this fetus with severe 


biventricular dysfunction, the mitral valve inflow pattern is consistent with a narrow, monophasic Doppler flow profile (white arrows). Note the absence of a 


normal E-wave/A-wave complex (see also Fig. 12). 
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is common next to atrioventricular reentrant SVT (68). In 
atrial flutter, the atrial rate is in excess of ventricular rate. It 
ranges from 300 to 500 bpm with variable atrioventricular 
block leading to a ventricular rate ranging from normal to 
2300 bpm. The ventricular rate is often irregular in contrast to 
the minimal variability seen in SVT. 

Mechanistically, almost 90% of SVT in fetuses are due to 
atrioventricular reentrant tachycardia via common type of 
accessory pathway (67). SVT can also be due to atrioven- 
tricular nodal, permanent junctional, or multiple reentrant 
pathways as well as due to automatic ectopic focus confined to 
the atrium. These types of SVTs are much less common during 
fetal age (67,72,73). 

Junctional ectopic tachycardia and ventricular tachycardia (VT) 
are rare in fetal life. In contrast to atrial flutter, they are 
characterized by ventricular rate in excess of the atrial rate and 
are often difficult to distinguish from each other. VT is often 
seen in association with fetal long QT syndrome, which arises 
due to gene mutations coding for different proteins in ion 
channels. Measurement of the QT interval by echocardio- 
graphy is not possible, but this diagnosis can be suggested 
often by the presence of sinus bradycardia between the 
episodes of VT. 


Fetal Bradyarrhythmias 

Fetal arrhythmia causing bradycardia may be associated with 
significant fetal morbidity and mortality. Fetal bradycardia is 
defined as a persistent heart rate <100 beats/min. Most 
commonly, fetal bradycardia is due to sinus bradycardia. It 
shows 1:1 atrioventricular contraction sequence, slow onset, and 
beat-to-beat heart rate variability. It is often seen in fetuses 
suffering from significant hypoxic insult and raised intracardiac 
volume due to inhibitory vagal reflexes initiated by umbilical 
cord and other vessel compression. A sustained fetal sinus 
bradycardia with blunted or no heart rate variability is often a 
predictor of impending morbidity and mortality. Sinus brady- 
cardia is often seen in fetuses with heterotaxia syndrome with 
atrial laterality abnormalities and AV canal defect. Fetuses with 
long QT syndrome may present with sinus bradycardia (74). 

Fetuses with frequent or multiple premature atrial beats, 
which are not conducted to the ventricle, will have overall 
decreased ventricular rate and may have bradycardia due to it. 
This is a benign self-resolving condition and most of them 
resolve by the third trimester and certainly by the first weeks of 
postnatal life. Nonconducted premature atrial beats can occur 
after every two, three, or four normal beats setting up atrial 
bigeminy, atrial trigeminy, or atrial quadrigeminy patterns, 
respectively. Only occasionally, premature atrial beats can be a 
harbinger of SVT by initiating reentry mechanism in the 
presence of an accessory pathway. 

Atrioventricular block due to AV node or ventricular 
conducting pathway abnormalities are the most common 
cause of persistent fetal bradycardia. The atrioventricular block 
can be of first degree, which demonstrates prolonged AV 
interval >150 msec (75); second degree, which has a fixed 
atrioventricular conduction block (2:1 or 3:1 block) or 
progressive prolongation of the AV interval until an atrial 
beat is nonconducted (Wenckebach); or third degree, which 
has permanent atrioventricular block (complete heart block) 
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with complete dissociation between atrial and ventricular 
contractions. 

Complete heart block can occur in fetuses either with 
malformed hearts or in otherwise structurally normal hearts. 
Fetuses with malformed hearts (corrected transposition of the 
great arteries, atrial isomerism, or atrioventricular canal defect) 
and complete heart block or with a ventricular rate <55bpm 
carry a very poor prognosis (76,77). Complete heart block, 
when found beyond the stage of embryogenesis in a structurally 
normal heart, has been associated with mass lesions of the 
conducting system, or more frequently as a consequence of 
initial insult by maternal antibodies to SS-A/Ro and SS-B/La 
antigens in fetal heart and subsequently leading to degeneration 
of the conduction system. Persistent bradycardia can occur in 
fetuses with long QT syndrome due to atrioventricular block 
secondary to prolonged refractory period of the ventricle (78). 


Diagnosis of Arrhythmia by Fetal Echocardiography 

In practice, fetal arrhythmias are diagnosed by M-mode, 
pulsed Doppler, or color flow encoded M-mode fetal 
echocardiography. The M-mode, with cursor oriented across 
atrial and ventricular cavities, reveals the relationship of atrial 
and ventricular contractions and their individual rate of 
contraction. Alternatively, pulse Doppler interrogation with a 
wide sample placed at mitral—aortic continuity can be 
employed, which demonstrates the rate of and relationship 
between inflow and outflow. In normal synchronized 
atrioventricular conduction, each atrial contraction is followed 
by a ventricular contraction, and both have the same and 
normal rate. In atrial flutter, ventricular contraction rate is a 
fraction of the atrial rate due to variable atrioventricular block 
(Fig. 16). In SVT, both atrial and ventricular contractions are 
synchronized and have the same rate, but their rates are 
between 220 and 300 beats/min (Fig. 17). Types of SVT can be 
differentiated according to the ventriculoatrial (VA) time 
interval (72) illustrated in Figure 18. The majority of SVT have 
short VA times, which are characteristic of atrioventricular 
reentry via common type of accessory pathway. The long VA 
time is typical of permanent junctional reentrant tachycardia 
or atrial ectopic tachycardia. Simultaneous pulse Doppler 
interrogation of the inflow and outflow can also reveal 
irregular heart rate due to blocked premature atrial beats 
(Fig. 19). Furthermore, a simultaneous Doppler interrogation 
of venous flow (superior vena) and an adjacent artery (aorta) 
can reveal AV and VA intervals (equivalent of PR interval and 
RP interval, respectively, on electrocardiogram) (Fig. 20). 

In sinus bradycardia there is a 1:1 atrioventricular conduc- 
tion with both atrial and ventricular rates the same but 
<100 bpm on M-mode and Doppler interrogation. Atrioven- 
tricular block of all degrees is assessed by using both M-mode 
and Doppler echocardiography to examine the relationship 
between contraction of the atrial and ventricular walls and 
their individual contraction rates. The latter provides the 
information about the (second or third) degree of heart block. 


Assessment of Fetal Cardiac Structure and Function 

In addition to discerning the diagnosis of the fetal arrhythmia, 
a thorough fetal echocardiographic evaluation should 
be undertaken to evaluate the cardiac structure, function, 
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Figure 16 M-mode fetal echocardiogram shows both fast atrial and ventricular contractions in a 27-week-old fetus with atrial flutter. The atrial rate (inverted 
arrow) is 400bpm, and ventricular rate (upright arrow) is 200bpm, with 2:1 AV block. 


- AV = 0.180m/s 
50dB 4 +/+1/0/2 ; AT = 254msec 
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Figure 17 Pulsed-Doppler fetal echocardiogram shows both inflow waveforms due to atrial contractions (above the base line, labeled as A) and outflow waveforms 
due to ventricular contractions (below the base line, labeled as V) at a rate of 236bpm with 1:1 atrioventricular conduction in a 30-week-old fetus with 
supraventricular tachycardia. 


associated cardiac defects, hemodynamics, and presence of anomaly of the tricuspid valve, AV canal defect, hypoplastic 
fetal hydrops as outlined in the previous sections. left heart syndrome, and rhabdomyoma (66,68,69). Ventri- 
Structural malformations of the heart are seen in up to 5% cular dysfunction can occur. The severity of tachycardia- 


of the fetuses with tachyarrhythmia, which include Ebstein induced ventricular dysfunction can be assessed by fractional 
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Figure 18 Pulsed-Doppler fetal echocardiogram shows the measurement s of atrioventricular intervals in a 27-week-old fetus with supraventricular tachycardia 
and a heart rate of 260bpm. The inflow Doppler waveforms due to atrial contraction (above the base line, labeled as A) and outflow Doppler waveforms due to 
ventricular contractions ((below the base line, labeled as V) with 1:1 atrioventricular conduction show that the A-V interval is shorter than the V-A interval, which 


is characteristic of atrioventricular reentry via common type of accessory pathway. 
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Figure 19 Pulsed-Doppler fetal echocardiogram shows inflow (below the baseline) and outflow (above the baseline) Doppler waveforms in a 30-week-old fetus 
with a nonconducted (blocked) premature atrial beat (buried in outflow waveform, marked by an arrow). Preceding and following inflow waveforms have normal 
early (E) and atrial (A) diastolic inflow waveforms. The premature atrial beat is blocked because of A-V node and ventricular refractory phase and is manifested by 
a late inflow valve opening (E-wave after the arrow), followed by a pause and normal atrial (first A-wave after the arrow) inflow waveform. 


shortening, the degree and persistence of AV valve incompe- 
tence, and alternations of venous blood flow in IVC and 
ductus venosus (79,80). Fetal hydrops is characterized by the 
presence of any two or all of the following signs: skin edema, 
ascites, pericardial effusion, and pleural effusion (Fig. 21) carry 
a much higher mortality than a nonhydropic fetus. 


Approach to the Treatment of Fetal Tachyarrhythmias 

In order to avoid significant morbidities associated with 
preterm birth, the approach to the management of fetal 
arrhythmias is to strive to deliver fetuses at or near term in 


normal sinus rhythm by intrauterine therapy, which mostly 
employs maternal administration of antiarrhythmic pharma- 
ceutical agents. The mothers carrying fetuses with incessant 
tachycardia, tachycardia and major heart defects, or hydrops 
should be hospitalized to initiate the treatment with loading 
dose of antiarrhythmic agent, to monitor closely for adverse 
effects, and to modify the treatment. Continuous cardiac 
telemetry, serial ECG to assess the cardiac effects of the drug, 
serum chemistries, and repeated serum drug concentrations 
in the mother should be obtained. Both the mother and the 
fetus should be closely observed for any adverse effect of the 
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Figure 20 A simultaneous Doppler interrogation of superior vena cava and aortic flow shows reverse waveform due to atrial contraction (A) and outflow 
waveform in aorta with measured atrioventricular interval (A-V interval 125 ms), which is equivalent to PR interval of electrocardiogram. 
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Figure 21 Two-dimensional fetal echocardiogram of a hydropic fetus shows pleural effusion in the chest cavity (A) and a rim of pericardial effusion around the 


heart (B). 


treatment. Once the fetal cardiac rhythm or rate is controlled 
and maintenance therapy is instituted, the mother can be 
discharged for regular outpatient follow-up. A detailed 
discussion on antiarrhythmic drug treatment is out of the 
purview of this chapter. In general, digoxin has been the first 
choice followed by flecainide for the maternal administration 
of antiarrhythmic agent in nonhydropic fetuses and amiodar- 
one in hydropic fetuses (81-83). Depending on the fetal 
gestation, cardiac function, success rate of triple antiarrhyth- 
mic drugs, and parental wishes, urgent delivery may have to 
be undertaken. A multidisciplinary team including perinatol- 
ogist, pediatric and adult cardiologists, and neonatologist 
should be involved in the management of such fetuses and 
neonates. 


PATIENT COUNSELING IN FETAL CARDIAC DISEASE 
Counseling of the mother who is carrying a fetus with 
significant CHD can be a complex and lengthy process. As 
accurate diagnosis is critical to reliable counseling, and as the 
medical and surgical management of cardiac anomalies is 
often complicated, collaboration with a fetal cardiac specialist 
is usually warranted, particularly in complex cases. None- 
theless, it is important for all fetal echocardiography providers 
to be prepared to provide basic counseling to patients in whom 
fetal cardiovascular anomalies are suspected. 

In addition to accurate anatomic diagnosis of fetal 
cardiac anomalies, it is useful to categorize the various 
fetal cardiac lesions with regard to severity. One approach 
is to classify lesions based on need and complexity of 
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Table 4 System for Classifying Severity of Fetal Congenital 
Heart Disease 


Low-risk congenital heart disease 
Minimal impact on quality 
of life or longevity 


Atrial septal defect 
Small VSD 
Mild pulmonary stenosis 
Moderate-risk congenital heart disease 
Low mortality for surgical/ Atrioventricular canal defect 
catheter intervention, Coarctation of the aorta 
likely to impact long-term DORV 
survival Ebstein’s anomaly of the 
tricuspid valve 
Large VSD 
Tetralogy of Fallot 
Totally anomalous pulmonary 
venous connection 
TGA, simple 
High-risk congenital heart disease 
High mortality for surgical/ 
catheter intervention, 
requiring multiple 
interventions, likely 
residual cardiac 
compromise, significant 
impact on longevity 


Aortic stenosis, severe 

DORV, complex 

Ebstein’s anomaly, severe 
cardiomegaly 

Heterotaxy with atrioventricular 
canal defect, complete heart 
block 

Hypoplastic left heart syndrome 

Pulmonary atresia with intact 
ventricular septum 

Pulmonary atresia, VSD, major 
aortopulmonary collateral 
vessels 

Single ventricle, complex 

Totally anomalous pulmonary 
venous return, obstructed 

TGA, complex 

Tricuspid atresia 

Truncus arteriosus 


Abbreviations: VSD, ventricular septal defect; DORV, double-outlet right 
ventricle; TGA, transposition of the great arteries. Source: From Ref. 68. 


surgical repair/palliation and the likelihood of residual 
cardiac disability. An approach for categorizing congenital 
heart defects in this fashion has been proposed by Allan 
and colleagues (84) and is presented in Table 4. This 
approach involves characterizing fetal cardiac anomalies as 
either low, moderate, or high risk based on expected 
impact on quality of life and longevity, as well as the 
complexity, mortality risk, and “completeness” of avail- 
able surgical palliative procedures. 

Making predictions regarding the need for perinatal medical 
and/or surgical management is also helpful. Identification of 
“reversed” physiologic shunting in the fetus with either right 
or left ventricular outflow tract obstruction can allow 
clinicians to make predictions about the need for prostaglan- 
din infusion to maintain ductal patency and the need for 
transfer to a cardiac center for management of critical outflow 
tract obstruction. In our center, fetuses fitting this clinical 
description are routinely started on prostaglandin infusion 
following recommended delivery at a level III perinatal center 
and transferred to our cardiac intensive care unit for 
management. Examples of common lesions presenting in this 
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Table 5 Risk of Chromosomal Anomalies in Common 
Congenital Heart Lesions 


High-risk congenital cardiac anomalies 
Risk of chromosomal Absent pulmonary valve syndrome (20%) 
anomalies >10% Atrioventricular canal defect (35%) 
Coarctation of the aorta (29%) 
Double-outlet right ventricle (12%) 
Mitral valve atresia (18%) 
Tetralogy of Fallot (27%) 
Totally anomalous pulmonary venous 
return (30%) 
Truncus arteriosus (14%) 
Ventricular septal defect (48%) 
Low-risk congenital cardiac anomalies 
Risk of chromosomal Hypoplastic left heart syndrome (4%) 
anomalies <10% Pulmonary stenosis/atresia with intact 
ventricular septum (5%) 
Transposition of the great arteries (0%) 
Tricuspid valve anomaly/Ebstein’s (5%) 


Source: From Ref. 6. 


manner include pulmonary stenosis/atresia, tetralogy of Fallot, 
tricuspid atresia, aortic stenosis, or variants of hypoplastic left 
heart syndrome. Other lesions that are routinely started on 
prostaglandin and transferred to the cardiac unit are severe 
coarctation and transposition of the great arteries. Generally, 
septal defects such as ASD, VSD, and AV canal defect do not 
require immediate intervention and can be evaluated more 
electively (after a confirmatory postnatal echocardiogram) at 
the birth hospital. In our center, all variants of single ventricle 
are delivered at a level III center and transferred to the cardiac 
unit for evaluation, given the complexity of cardiac issues 
involved in these cases. Given the complexity and diversity of 
congenital heart lesions, collaboration with a fetal cardiologist 
is important in arriving at a disposition for these complex 
fetuses. 

Another major issue is genetic counseling for patients with 
the diagnosis of fetal CHD. Although we generally recommend 
genetic counseling for all mothers diagnosed with fetal CHD, it 
is known that certain cardiac lesions carry a particularly high 
risk of chromosomal abnormalities (6); these groups are 
outlined in Table 5. In addition to screening for aneuploidy, 
clinicians should also screen for microdeletions in chromo- 
some 22, which is associated in high frequency with 
conotruncal defects and aortic arch anomalies. The presence 
of a significant chromosomal anomaly, as well as other 
extracardiac anomalies, has surgical implications, as most 
studies have identified these as risk factors for increased 
morbidity and mortality during surgical palliation, particularly 
in complex congenital heart defects. 


ADVANCES IN FETAL CARDIAC DIAGNOSIS AND 
THERAPY 

Evaluation of Fetal Arrhythmias by Magnetocardiography 
Magnetocardiography elucidates electrical signals in the fetal 
heart by detecting and analyzing the related magnetic fields. It 
processes the sequence of electrical events rather than 
mechanical events of the heart and can provide the capability 
of measuring different electrical time intervals such as QRS 
and QT intervals (85). Therefore, potentially it can reveal the 
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Figure 22 A vector velocity imaging (VVI) of 24-week gestation fetus of a diabetic mother shows the magnitude and direction of the longitudinal strain of the left 
ventricle (LV) indicated by the length and direction of arrows along the endocardial border of the LV (A) in transverse view. The VVI of the same infant at 1 week 
of age after birth shows the magnitude and direction of the longitudinal strain of the LV in four-chamber view (B). 


mechanisms of fetal arrhythmias and aid in the differential 
diagnosis of fetal tachycardia such as in distinguishing VT with 
1:1 conduction versus SVT as well as VT with AV dissociation 
versus junctional ectopic tachycardia (73). Discerning the 
mechanisms of fetal arrhythmias will help select the appro- 
priate anti-tachyarrhythmic agents and unify the approach to 
the treatment of fetal arrhythmias. This modality is not in 
clinical use yet because of its need to be performed in a 
magnetically shielded room. Advancement has been made in 
the use of the technique at the bedside in an unshielded 
environment, which may bring it for wider use in the clinical 
practice (85). 


Evaluation of Fetal Cardiac Function by Strain Imaging 
Cardiac function in fetuses has traditionally been measured by 
subjective assessment of contractility and observation for 
hydrops fetalis. Currently, myocardial functional assessment 
in the fetus has been limited by the reduced reproducibility 
due to the requirement for correct alignment to the structures 
being interrogated, lack of a concurrent electrocardiogram to 
time mechanical events accurately and unique properties of 
the fetal myocardium, which is made up of primarily 
noncontractile elements with fewer myocytes. Furthermore, 
most noninvasive methods of evaluation of cardiac function 
are load dependent (86). A novel method based on speckle- 
tracking techniques, including vector velocity imaging, has 
emerged that uses frame-by-frame tracking of myocardial 
speckles in 2D echocardiographic images to provide velocity 
and displacement data and permit quantification of the degree 
of myocardial deformation or strain (87) and strain rate, 
which is relatively load independent (88). The new method 
allows assessment of function independent of fetal lie, thus 
simplifying more sophisticated measures of function, such as 
strain and shear stress (89) (Fig. 22). This will help to improve 
the objectivity, reproducibility, and monitoring of fetal 
cardiac function. 


Fetal Cardiac Intervention 

Fetal cardiac intervention is a burgeoning field. Endeavors are 
being made in some centers to prevent fetal hydrops due to 
congenital heart defects, to recruit hypoplastic ventricles, to 
create a two-ventricle circulation after birth, and to remodel 


the fetal pulmonary vascular bed whose outlet is obstructed 
(90). A successful open heart surgery in the fetus has yet to be 
done, but catheter-based interventions for improved cardiac 
outcomes are now being taken up. 

Fetal echocardiography can identify midgestation fetuses 
with aortic and pulmonary outflow obstruction, which are at 
high risk for developing hypoplastic left and right heart 
syndromes, respectively. With the development of novel 
techniques, risk reduction to the fetus and the mother, timely 
and successful valve dilation may prevent left or right heart 
growth arrest and may result in normal ventricular anatomy 
and function at birth (91,92). There is an important learning 
curve for these procedures, and much remains to be learned 
about the selection of appropriate fetuses for prenatal 
intervention and further refinement in techniques of 
echocardiography, approach, and risk reduction in fetal 
intervention. 
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6 5 Assessment of fetal behavior 


Asim Kurjak, Milan Stanojevic, Badreldeen Ahmed, Guillermo Azumendi, 


and Lara Spalldi—Barisic 


Three-dimensional (3D) ultrasound has been available for 
more than 15 years. During its continuous improvement and 
development, several different kinds of modes have been 
created. They include multiplanar imaging, volume rendering, 
surface rendering, 3D color Doppler, 3D volumetry, cine-loop 
animation, and post-processing and cutting. However, the 3D 
image freezes the object and therefore does not provide 
information on movements or any information about the 
dynamic changes of the object of interest. A technique was 
needed that would enable 3D imaging to be performed in a 
real-time mode. This technique can be called live 3D 
ultrasound (3D-US) or 4D ultrasound (4D-US), as coined 
by a manufacturer, because time becomes a parameter within 
the 3D imaging sequence. Human eyes are known to be able to 
differentiate between images up to a frequency of about 
12 images per second; consequently, production of an 
appropriate frame rate with specially designed probes and a 
fast computer rendering device is required. At the moment, 
4D-US scanning is not real time and available machines can 
reach up to about 20 images per second, depending on volume 
size, resolution, and the mechanics of the probe. Nevertheless, 
even at these relatively slow frame rates, the ability to study 
fetal activity is strikingly good enabling the continuous 
monitoring of the fetal face and other surface features of the 
fetus such as fetal extremities. This was the beginning of 
investigation of the relatively unexplored area of fetal behavior 
as a possible measure of neurologic maturation. 

Fetal behavior could be described as any fetal action or 
reaction observed by the mother or other more objective 
method, as actocardiotocography or ultrasonography. 
Although there are more than 100 years of curiosity in fetal 
behavior and more than three decades of sustained awareness 
and research, the study of fetal behavior has not achieved 
widespread acceptance in perinatal medicine. For centuries, 
maternal registration of fetal movements and obstetrician 
auscultation of fetal heartbeats were the only methods of the 
follow-up of fetal well-being in utero. It has been shown that 
fetal activity occurs as early as the late embryonic period, 
which is far earlier that a mother can sense it. A turning point 
in the assessment of fetal behavior was the introduction of 
real-time ultrasound. As it is not yet possible to assess 
functional development of the central nervous system (CNS) 
directly, investigators have started to analyze fetal behavior as a 
measure of neurologic maturation including properties of fetal 
hemodynamics and the muscular system, as well (1). This 
technique allowed the investigation of spontaneous fetal 
motor activity in utero. For the first time, studies of 
spontaneous prenatal movements and behavior were per- 
formed and published. Since fetal body movements give 


important information about the condition of the fetus, their 
quantitative as well as qualitative aspects were analyzed. 


NEW ADVANCES IN NEUROPHYSIOLOGY 

Development of the CNS and Prenatal Motor Development 
in the First Trimester 

Development of the human CNS begins in the early embryonic 
period and proceeds through a sequence of very complicated 
processes long after delivery. It is important to point out that 
the caudal region of the neural tube gives rise to the spinal 
cord, and the rostral region becomes the brain. The initial 
development is completed at 7 weeks of gestation (5 weeks 
after conception), when all five major subdivisions of the brain 
are clearly visible: the telencephalon, diencephalon, mesence- 
phalon, metencephalon, and myelencephalon (Fig. 1) (2). 

The earliest interneuronal connections, the synapses, can be 
detected in the spinal cord shortly before the onset of 
embryonic motility, at 6 to 7 weeks of gestation. Therefore, 
the neural activity leading to the first detectable movements is 
considered to originate from the spinal motor neurons. 
Another important prerequisite for the motility is the 
development and innervation of muscular fibers. It is well 
known that primitive muscle fibers (myotubes) are able to 
contract as soon as they are innervated by motor neurons. 
Between 6 and 8 weeks of gestation, muscle fibers can be 
formed by fusion of myoblasts, efferent and afferent 
neuromuscular connections can be developed, and sponta- 
neous neural activity causing motility can begin. 

The main events in the development of the CNS and motor 
development during the first 8 weeks of pregnancy are 
presented in Figure 1. The first spontaneous embryonic 
movements are gross body movements and they can be 
observed at the 7 to 7.5th weeks of gestation. They consist of 
slow flexion and extension of the fetal trunk, accompanied by 
the passive displacement of arms and legs. These so-called 
vermicular movements appear in irregular sequences. Simul- 
taneously with the onset of spontaneous movements, at the 
7.5th week of gestation, the earliest motor reflex activity can be 
observed, indicating the existence of the first afferent—efferent 
circuits in the spinal cord. The first reflex movements are 
massive and indicate a limited number of synapses in a reflex 
pathway. General movements (GMs) are the first complex, 
well-organized movement pattern, which involve head, trunk, 
and limb movements. This pattern has been interpreted as the 
first sign of a supraspinal control on motor activity and can be 
recognized from 8 to 9 weeks of gestation onward. 

It is very important to note that even at this early stage of 
development, embryonic and fetal movements appear in 
recognizable temporal sequences, without any amorphous or 
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3D ultrasound of embryo at 8 weeks of gestation 


Development of the CNS Prenatal motor development 


First interneuronal connections: 6-7 weeks 


First neuromuscular connections: 6-8 weeks 


First detectable movements — originate from spinal 
motoneurons 


Brain stems: 7 weeks 


Basic structures of the diencephalon and cerebral 
hemispheres: end of the 8" week 


Vermicular movements: 7-7.5 weeks — slow 
flexion/extension of fetal trunk 


First motor reflexes: 7.5 weeks 


General movements: 8 weeks — head, trunk and 
limb movements 


Figure 1 The main events in the development of the central nervous system (CNS) and motor development during the first 8 weeks of pregnancy. 


random movement. The explanation for this fascinating 
phenomenon lies in the intrinsic properties of neurons. That 
means that neural cells begin to generate and propagate action 
potentials as soon as they interconnect. The interconnected 
neurons generate patterned activity because of endogenous 
properties of the neurons. Recent investigations have shown 
that neurons are able to communicate through non-synaptic 
mechanisms even before the onset of synaptogenesis. 

The brain stem is fashioned around the 7th week of 
gestation, and basic structures of the diencephalon and 
cerebral hemispheres are formed by the end of the 8th 
gestational week. The remarkable expansion of the cerebral 
hemispheres follows during the remainder of gestation. The 
development of synapses in the human cerebral cortex begins 
after the formation of the cortical plate, at the end of the 10th 
week of gestation. 

The brain stem consists of the medulla oblongata, pons, and 
midbrain (Fig. 2). It forms and matures in a caudal to rostral 
direction. That means that the phylogenetically older struc- 
tures, such as the medulla oblongata, will form and mature 
earlier in the gestation. The major structures of the medulla 
oblongata are fashioned by the 7 to 8th week of gestation and 
are completely matured by the 7 months of gestation. In 
addition to its many subnuclei, the medulla gives rise to a 
variety of descending spinal motor tracts that reflexively 
trigger limb and body movements. It also hosts the five cranial 
nerves (VIII-XII), which exert tremendous influences on gross 
body movements, heart rate, respiration, and the head turning. 
As the medulla matures in advance of more rostral structures 
of the brain stem, reflexive movements of the head, body, 
extremities, as well as breathing movements (Fig. 2) and 
alterations in heart rate appear in advance of other functions. 


The formation of pons begins almost simultaneously, but its 
maturation is more prolonged. The structures of the pons 
include the V to VIII cranial nerves (vestibular nuclei of the 
nerve VIII) and the medial longitudinal fasciculus, pontine 
tegmentum, raphe nucleus, and locus coeruleus, which exert 
widespread influences on arousal, including the sleep-wake 
cycles. Facial movements, which are also controlled by V and 
VII cranial nerves, appear around 10 to 11 weeks. 

At 10 weeks of gestation, lateralized behavior may be 
observed, and the fetus begins to show the earliest signs of 
right- or left-handedness. Stimulation of the brain is known to 
influence brain organization and it is argued that fetal motor 
activity may eventually stimulate the brain to develop 
“handedness” and subsequent lateralization of the function. 
From 10 weeks onward, the number and frequency of fetal 
movements increase and the repertoire of movements begins 
to expand. Qualitative changes in GMs can be also observed. 
These movements, which are slow and of limited amplitude 
during 8 and 9 weeks, become more forceful at 10 to 12 weeks. 
After the 12th week, they become more variable in speed and 
amplitude. The isolated limb movements seen at the 9th week 
of gestation are followed by the appearance of the movements 
in the elbow joint at 10 weeks, changes in finger position at the 
11th week, and easily recognizable clenching and unclenching 
of the fist at 12 to 13 weeks. Finally, at 13 to 14 weeks, isolated 
finger movements can be observed, as well increases in the 
activity and strength of the hand/finger movements. Using 4D 
sonography, Kurjak and collaborators have found that from 13 
gestational weeks onward, a “goal orientation” of hand 
movements appears and a target point can be recognized for 
each hand movement (3). According to the spatial orientation, 
they classified the hand movements into several subtypes: 
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3D ultrasound of fetus at 10 weeks of gestation 


Isolated limb movements: 9 weeks 
Hiccups: 9 weeks 

Breathing-like movements: 10 weeks 
Head flexion and rotation: 10 weeks 


Facial movements — jaw opening, yawning: 10—11 
weeks 


Suckling, swallowing: 11 weeks 


Increase in the number and frequency of 
movements: 10 weeks onward 


Handedness: 10 weeks 


Goal orientation: 13 weeks 


Figure 2 The main events in the development of the central nervous system (CNS) and motor development during the last 6 weeks of the first trimester. 


hand to head, hand to mouth, hand near mouth, hand to face, 
hand near face, hand to eye, and hand to ear. Our recent 
longitudinal study, performed by 4D ultrasound in 100 fetuses 
from all trimesters of normal pregnancies, has shown 
increasing frequency of various movement patterns, such as 
GMs, isolated arm and leg movements, stretching, as well as 
head movements, during the first trimester (4). Only the 
startle movement pattern seemed to occur stagnantly in this 
period of gestation. Using 4D sonography, GMs were found 
to be the most frequent movement pattern between 9 and 
14 weeks of gestation. Furthermore, the advanced ultrasonic 
techniques, 3D and 4D, significantly improve the assessment 
of structural and functional development of embryonic and 
fetal CNS. Figures 3 and 4 are showing the main events in the 
development of CNS and motor development during the 
second and third trimesters (2). 


Onset of Specific Fetal Behavioral Patterns 

The First Trimester 

In the first trimester of pregnancy, 3D-US allows precise 
morphologic examinations, important for early detection of 
serious fetal malformations, such as anencephalic fetus and 


spina bifida (5). Using 4D-US, quantitative assessment of fetal 
motility can be performed almost equally precisely as by 
conventional 2D-US even at the very early period of gestation, 
at the onset of fetal motility. The qualitative assessment might 
be even more informative because 4D-US allows the 
simultaneous visualization of the whole body (Fig. 5). 

However, our own study showed that we can use both 
2D and 4D sonography to assess movements in the first 
trimester (6). 

The early embryonic development is characterized by the 
immobility of an embryo. Most types of movement pattern 
emerge between 7 and 15 weeks of gestation. From the 15th 
week onward, distinct patterns can be seen (6). These 
movements remain present during the entire intrauterine 
development. Just discernible movements were found between 
7 and 8 weeks of gestation by de Vries and coworkers (7). They 
reported not only how to describe a particular movement, but 
also how these movements were performed in terms of speed 
and amplitude (7,8). Goldstein and colleagues as well as 
other investigators found embryonic body movements be- 
tween 8 and 9 weeks of gestation by 2D transvaginal 
sonography (7,9-11). First spontaneous fetal movements were 
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Fetus at the end of second trimester, taken by 
3D/4D sonography. Opened eyelids are 
clearly visible 


Development of the CNS Prenatal motor development 


Maturation of the brain stem continues 


Medulla oblongata — almost completely mature by 
the end of this period 


Formation of the subplate zone: 15—17 weeks of 
gestation 


Synaptogenesis — most intensively: 15-20 weeks 
First electrocortical activity: 19 weeks 
Spinothalamic tract: 20 weeks 


Thalamocortical connections: 24—26 weeks 


16 different types of movements can be 
observed: 15 weeks 


High fetal activity: 14-19 weeks; quiescence periods 
only 5-6 min. 


Eye movements: 16—18 weeks 


Organization of fetal motor patterns: rest-activity 
cycles — increase in the complexity of movements: 
20 weeks 


Facial expression patterns (except eye blinking) — 
a peak frequency: end of the 2" trimester 


Figure 3 The main events in the development of the central nervous system (CNS) and motor development during second trimester. 


described as consisted of slow flexion and extension of fetal 
trunk accompanied by the displacement of arms and legs and 
appearing in irregular sequences that were described as 
“vermicular” (12). The earliest signs of fetal motility coincide 
with the occurrence of first synapses, around the seventh 
postconceptional week and with the earliest electrical activity 
and transmission of information. 

The aim of the first studies from Zagreb group on fetal 
behavior and 4D sonography was to classify first-trimester 
embryonic and fetal movements in normal pregnancies as seen 
by 4D sonography (13,14). In order to achieve this goal, we 
examined a total of 98 pregnant women at gestational age (GA) 
from 6 to 12 weeks. Matters of interest were the GA at which 
the movements appeared and their visualization with 4D-US. 
For each embryonic structure, there is a period between 
genesis and ultrasonic visualization. As technology advances, 
the period becomes shorter. Three types of movements can be 
visualized in the first trimester: gross body movements 
between 7 and 8 weeks, limb movements after 10 weeks, and 
complex movements after 11 weeks of gestation (Fig. 6). 

An alteration from the given pattern of motoric develop- 
ment should be considered as an indication for further 
investigation (14). 

By another study, the Zagreb group has evaluated the 
advantages of 4D over 2D real-time sonography in the 
assessment of early fetal behavior (15,16). The aim of 
the study was to classify types of first-trimester embryonic 


and fetal movements in normal pregnancies as seen by 
4D sonography. We found gross body movement at 7 weeks 
and limb movements at weeks 8 to 9 (Fig. 7). 

Body and limb movements can be visualized by 4D 
sonography a week earlier than by 2D. Since 4D ultrasound 
enables visualization of more details of the dynamics of small 
anatomical structures, it should thus enable the diagnosis of 
motoric development failure at the end of the first trimester. 

With 4D transvaginal sonography, we found body move- 
ments at 7 weeks of pregnancy (15). The observed body 
movements consisted of the changing position of the head 
toward the body. However, embryonic movements are not 
frequent and consist mainly of the moving of the head toward 
the rest of the body. At 8 to 9 weeks, the head is less flexed and 
the changes of the position of the head toward the body are 
clearly visible (17). Vermicular movements are visible for less 
than 2 weeks. A startle is the next movement with participation 
of the fetal body. Startles were found between 8 and 9 weeks of 
gestation and lasted for about 1 sec (18). Observations were 
performed using transabdominal sonography, and it is entirely 
possible that, with better resolution of the transvaginal 
transducer (either 2D or 4D), some of these movements 
may already be present at somewhat younger age. 

In a little while, these first simple movements are replaced 
by different GMs that include head, trunk, and limb, such as 
“rippling” seen at the 8th week, “twitching” and “strong 
twitching” at 9th and 9.5th weeks respectively, and “floating,” 
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Image of the fetus taken by the 3D 
sonography, showing a smiling movement 


Eye blinking pattern — a peak frequency: 28 weeks 


Facial expression patterns — decreasing or stagnant 
incidence 


General movements — decrease in number, increase 
in complexity 


Eye movements; increase in complexity: 
33-38 weeks 


Integration of fetal body movements, heart rate, eye 
movements and breathing — like movements into 
behavioral states: 36-38 weeks 


Figure 4 The main events in the development of the central nervous system (CNS) and motor development during third trimester. 


“swimming,” and “jumping” at 10th week (13). At first, GMs 
are slow and of limited amplitude. At 10 to 12 weeks, GMs 
become more forceful but are smooth in appearance and of 
large amplitude. We can suppose that the generating neural 
network responsible for GMs could be primarily located in the 
brain stem and spinal cord, higher structures of the brain 
playing more subtle role in modulating quality, and, perhaps, 
time patterning of the different movement patterns (19). 
Isolated limb movements emerge almost simultaneously with 
the generalized movements. In the literature, there is a range 
between the 8th and 12th weeks concerning the first 
appearance of limb movement. De Vries found isolated arm 
and leg movements at the 8th week of gestation (7). With 4D- 
US, limb movements at the 8th to 9th weeks were found. 
Organization of the appearance of the movement pattern 
occurs with the increasing frequency. It seems that fetal arms 
explore the surrounding environment and cross the midline, 
while the palmar surface is oriented toward the uterine wall. 
The fetal legs are extended to the uterine wall (Fig. 8). 

More limb joints are active and move simultaneously, such 
as extension or flexion in arm and elbow or hip and knee. The 
elevation of the hand, extension of the elbow joint, with a 
slight change in direction and rotation, can be seen 
simultaneously. From the 10th week onward, the number 
and frequency of fetal movements increase and the repertoire 
of movements begins to expand. The isolated limb movements 
seen at the 9th week are followed by the appearance of the 
movements in the elbow joint at the 10th week, changes in 


finger position in the 11th week, and by easily recognizable 
clenching and unclenching of the fist at the 12th to 13th week. 

After the 9th gestational week, the repertoire of movements 
expands rapidly. Hiccups appear, often in series, for up to 
several minutes, and isolated arm and leg movements can be 
observed. This is remarkable in two respects. First is that the 
young fetus is able to perform isolated movements of one limb 
at an age when one would expect a longer period of diffuse and 
generalized motor activity. The second is the unexpected 
finding of the simultaneous onset of arm and leg movements, 
unexpected because of the long-held principle of a cephalo- 
caudal development in spinal motor functions. After 10 weeks, 
head movements of various types can be seen. They consist of 
lateral rotation of the head and overextension of the neck (20). 
At about the same age, hand-—face contact is seen for the first 
time. Usually, this is an accidental contact of a hand with the 
face or the mouth. Between 10.5 and 12 weeks, the fetus starts 
to make breathing movements. At 11 weeks, three new 
patterns, namely, the opening of the jaw, bending forward of 
the head, and complex stretch movements, are added to the 
repertoire (Fig. 9). 

Somewhat later than the irregular jaw movements, yawns 
occur. These have the same pattern as in children and adults 
and hence are easily recognizable (20). 

To determine the accuracy of 4D sonography in the 
assessment of embryonic and early fetal motor activity in 
the first trimester of normal pregnancy, in comparison with 
the 2D sonography, the Zagreb group conducted a study with 
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(A) 


Figure 6 Complex movements of the trunk, limbs, and head in 12-week fetus depicted by 3D ultrasound. 


50 pregnant women between 6 and 14 weeks of gestation. The 
2D and 4D recordings were displayed on the screen and 
recorded on the videotape during the 15-minute observation 
period. The earliest embryonic movements were detected at 
the 7th week of gestation. The movements that involved the 


whole body, such as GMs and startles, occurred most 
frequently, although in 8-week-old embryos, isolated arm 
and leg movements could have also been observed. All the 
above described movement patterns were also recognizable by 
both 2D and 4D imaging methods in fetuses studied between 
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Figure 8 Fetal legs extended to the uterine wall (3D ultrasound of 10-week 
fetus). 


the 9th and 14th weeks of gestation. Several movement 
patterns, such as sideway bending, hiccup, fetal breathing 
movements, and facial movements could not be observed by 
4D-US imaging technique, although they were clearly visible 


by 2D-US. The authors concluded that at the time, both 2D 
and 4D methods were required for the assessment of early fetal 
motor development and motor behavior. It was reasonable to 
expect that such technologic improvement may provide some 
new information about the intrauterine motor activity 
and facilitate the prenatal detection of some neurologic 
disorders (20). 

To investigate the natural course of fetal hand and finger 
positioning, Pooh and Ogura examined 65 normal fetuses by 
3D/4D ultrasound (21). Each appearance of fingers, thumb, 
and wrist was confirmed by viewing on three orthogonal 
planes. At 9 weeks and at the beginning of the 10th week, fetal 
hands were located in front of the chest and no movements of 
wrists and fingers were visualized. From the middle of 10th 
week of gestation, active arm movements were observed 
associated with active body and lower limb movement. Despite 
active movements of glenohumeral and elbow joints at this 
stage, wrist and finger movements were not visualized in most 
cases. At 11 weeks, a change in finger positioning was seen. At 
this stage, all fetuses still opened their palms, but five digits 
were no longer on the same layer. Mild adduction of the 
thumb and atonic fingers were observed and the palm 
appearance was clearly different from that at 9 and 10 weeks. 
At 12 weeks of gestation, fetuses started to mildly clench and 
unclench their fists (21). Confirming the feasibility of early 
dynamic observations in pregnancy, these studies also showed 
the capacity to obtain much better defined images as the whole 
fetus could be visualized. 

In the first trimester, one could notice a tendency toward an 
increased frequency of fetal movement patterns with increas- 
ing GA. Only the startle movement pattern seemed to occur 
stagnantly during the first trimester (22). 


The Second Trimester 
Only a few studies are available on fetal movement patterns 
during the second trimester (3,7,23-27). De Vries and 
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Figure 9 Fetus at 11 weeks depicted by 3D ultrasound showing addition of complex movements of the head, body, and limbs to the repertoire of movements. 


colleagues studied fetal movements from 20 and 24 post- 
menstrual weeks onward (7). During the second trimester of 
pregnancy, the incidence of body movements increases 
considerably. The periods of quiescence become longer and 
eye movements (EMs) are clearly visible with significant trends 
in fetal EM organization (26). The earliest EMs appear at the 
developed by the end of the first trimester, indicating that 
some facial grimaces could appear at the 16th to 18th week of 
gestation, as do sporadic movements with a limited frequency. 
Isolated eye blinking patterns appear more frequently and 
begin to consolidate at the 24th to 26th week of gestation. 

The incidence of hiccups startles and stretches decreased, 
whereas other movement patterns (jaw movement, hand—face 
contacts, and head movements) showed no clear develop- 
mental changes (24). At 28 postmenstrual weeks, Roodenburg 
and associates presented the following ranges and median 
values based on 1-hour observations: jaw movements, 60—460, 
median 300; hand—face contact, 30-190, median 95; head 
rotations, 20-125, median 37; head retroflexions, 4-29, 
median 12 (17). From a developmental point of view, one 
could say that in the second trimester the development 
continues, but there are no new movements appearing for the 
first time. 

Spontaneous movements in fetuses from 12 to 35 weeks of 
gestation were described by Sparling and coworkers and they 
documented the typical hand movement (26). Many move- 
ments were shown to be straightforward, to a body part or 
uterine wall. The hands moved with different frequencies and 
force. Sparling also described repetition of head flexion 
movements, resulting in a “somersault” that makes possible 
for the fetus to change position within the uterine cavity 
throughout GAs. The hands of fetuses were extended and 
manipulated body parts and feature of the surroundings, for 
example, the umbilical cord. In a longitudinal study of fetal 
behavior from 14 weeks until neonatal period, Sparling and 


Wilhelm concluded that fetal and neonatal movements 
appeared to be directed to specific targets to the head and 
face (27). They stated that the most useful predictors of 
neonatal movement were the observations performed at 
32 weeks of gestation. 

After 12 weeks, GMs become more variable in speed and 
amplitude. We already know that most of the qualitative 
features of GMs are already present during the 4th to the 5th 
months of gestation, with minor changes occurring in the last 
trimester of pregnancy. 

Using 4D sonography, the Zagreb group has found that 
from the 13th gestational week onward, a “goal orientation” of 
hand movements appears and a target point can be recognized 
for each hand movement (3). According to the spatial 
orientation, the hand movements were classified into several 
subtypes: hand to head, hand to mouth, hand near mouth, 
hand to face, hand near face, hand to eye, and hand to ear and 
its incidence were determined. The investigation included 25 
fetuses in uncomplicated pregnancies: 15 fetuses at 13 to 16 
weeks and 10 fetuses at 30 to 33 weeks of gestation. After 
standard assessment in 2D real-time B mode, a 4D mode was 
switched on and further examination lasted a maximum of 
15 minutes. All recordings were performed between 14 and 
17.30hours, and no meals were taken within 2 hours of the 
beginning of the study. Patients with multiple or diabetic 
pregnancy at presentation were excluded from the study. In 
the first part of the study, GA was determined using biparietal 
diameter measurement, while in the second part of the study, 
GA was estimated from the first day of the last menstrual 
period and confirmed by the first-trimester sonographic 
examination. 

Isolated hand movements with subtypes of hand move- 
ments and facial activities with different forms of expression 
were easily recognized by 4D-US. All subtypes of hand to head 
movement could be seen from 13 weeks of gestation, with 
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fluctuating incidence. Among facial expressions, two types 
could be easily differentiated: smiling and scowling. One could 
recognize that the amount of isolated arm movements 
decreased gradually from 13 to 16 weeks. The incidence 
varied between 50 and 120 with a median value of 60 at 
13 weeks, 17 and 27 with a median value of 23 at 14 weeks, 0 
and 6 with a median value of 2 at 15 weeks, and 18 and 28 with 
a median value of 25 at 16 weeks. The highest range was 
registered at 13 weeks of gestation. The incidence of hand to 
head movement decreased, followed by a plateau at 14 weeks 
of gestation. The incidence varied from 4 to 29 at 13 weeks and 
from 0 to 7 at 16 weeks of gestation. The highest range of hand 
at mouth was found at 15 weeks of gestation; at 13 weeks, a 
plateau was observed and with mild fluctuations the plateau 
continued until 16 weeks. The incidence varied between 0 and 
4 with a median value of 2 at 13 weeks, and between 0 and 2 
with a median value of 2 at 16 weeks. In contrast to most other 
movement patterns, hand near mouth movements decreased 
gradually from 13 weeks onward with a single fluctuation in 
the 14th week. One can recognize that the incidence of hand 
near face movement is stable between 13 and 16 weeks of 
gestation with a slight increase at 14 and 15 weeks. At 
13 weeks, the range was the widest. The incidence of hand to 
ear movement showed a rapid trend of decrease between 
13 and 16 weeks while the incidence of the hand to eye 
movement pattern showed the same developmental trend as 
the hand to head and hand to face movement patterns (28). 
The incidence varied between 4 and 12 with a median value of 
8 at 13 weeks, and 0 and 3 with a median value of 0 at 16 
weeks. The incidence of the hand to eye movement pattern 
showed the same developmental trend as the hand to head and 
hand to face movement patterns. At 13 weeks, the incidence 
was between 4 and 12 occurrences per 15-minute observation 
time with a median value of 8. At 16 weeks, the range was from 
0 to 3 with a median value of 1. The authors concluded that 
4D-US is superior over 2D real-time ultrasound for the 
qualitative, but inferior for quantitative analysis of hand 
movements. Thus, 4D-US makes it possible to determine 
exactly the direction of the fetal hand, but the exact number of 
each type of hand movements still could not be determined. 
The advantage of 4D over real-time 2D-US is that isolated 
hand movements can be determined with confidence. The 2D 
sonography easily recognizes hand movements associated with 
body movements, but there are problems in the recognition 
and differentiation of isolated hand movements and hand 
movements associated with leg movements. In this situation, 
4D-US is the method of choice for the reliable recognition of 
the isolated hand movements. Another advantage of 4D-US is 
the precise assessment of the direction of the hand movement 
and target of the fingers. Real-time 2D-US provides a 
tomographic image of the fetal head and visualizes hand 
movements in two dimensions. The 4D sonography provides 
surface-rendered images of the fetal head, and visualization of 
hand movements in three dimensions allows further differ- 
entiation of hand to head movements (3). 

In another study, the same group of authors confirmed that 
in the second trimester, the number of head and hand 
movements decreased gradually compared with the first 
trimester. The highest incidence was registered for head retro- 
flexion pattern, with a range of 15 to 42 and a median of 25. 
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Among facial expressions, the highest incidence was found 
for sucking, with the range between 3 and 30 and a median 
of 9 (28). 

Kuno and coworkers evaluated fetal behavioral patterns in 
the early second trimester in 11 healthy pregnant women at 14 
to 18 weeks of gestation and they found that the most active 
fetal behavioral pattern was arm movement in each fetus, 
whereas the least active was mouth movement. Each fetal 
movement was synchronized and harmonized with other fetal 
movements during this period of pregnancy (24). 

Kurjak et al. reported the first study with the 4D-US 
techniques used for obtaining longitudinal standard para- 
meters of fetal neurologic development in all trimesters of a 
normal pregnancy (4). Valid reference ranges appropriate for 
GAs are essential for comparisons with former or future 
measurements of patients. For that purpose, a group of 100 
healthy normal singleton pregnancies were recruited for 
longitudinal 4D-US examinations to evaluate fetal neurode- 
velopmental parameters between 7 and 40 weeks of gestation. 
The patients were assigned to the study if they met inclusion 
criteria, if the fetus and the mother were considered “normal,” 
2D ultrasound and clinical assessment were uneventful, and 
the neonates, eventually delivered at term, had normal 1- and 
5-minute Apgar scores. Pregnancies that were subsequently 
found to be complicated by congenital abnormalities, gesta- 
tional diabetes, and hypertensive disorders in pregnancy, 
preterm deliveries, and abnormal Apgar scores were excluded. 
Those fetuses from the second and third trimesters whose 
examined parts of the body were not able to be visualized in 
one region of interest were also excluded from the study. In the 
first trimester, eight fetal movement patterns were analyzed 
and 14 parameters of fetal movement and fetal facial 
expression patterns recorded thereafter for the construction 
of fetal neurologic charts. Standard parameters of fetal 
movements and facial expressions in all trimester of pregnancy 
are presented in Figures 10 and 11. 

The statistical analysis of the incidence of fetal movements 
and facial expressions studied in the first trimester revealed 
statistically significant changes in GMs, stretching, isolated 
arm and leg movement, head retroflexion, head rotation, and 
head retroflexion. At the first trimester, a tendency toward 
increased frequency of fetal movement patterns with increas- 
ing GA has been noticed. Only in the startle movement 
pattern, it seemed to occur stagnantly during the first trimester 
(Fig. 10B). In this type of movement, there was no significant 
correlation with GA, as shown by the large dispersion of scatter 
points around the regression line (r 0.673; p 0.506). At the first 
trimester, a tendency toward increased frequency of fetal 
movement patterns with increasing GA was noticed. During 
the second and third trimesters, multiple regression and 
polynomial regression revealed statistically significant changes 
in tongue expulsion, grimacing, swallowing, head movements, 
and all hand to body contact movements (p<0.05). The 
authors found a tendency toward an increase in the frequency 
of fetal movement patterns at the beginning of the second 
trimester. They noticed fluctuation and dispersion of the 
incidence of all facial expressions as seen in the polynomial 
regression diagram (Figs. 11I-N). All types of facial expres- 
sions display a peak frequency at the end of the second 
trimester, except in isolated eye blinking, which increases at 
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Figure 10 Scatter plot and multiple regression analysis of the first-trimester frequency of (A) general movements, (B) startle, (C) stretch, (D) isolated arm 


movement, (E) isolated leg movement, (F) head retroflexion, (G) head rotation, and (H) head anteflexion. 
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Figure 11 Scatter plot and multiple regression analysis of the second- to third-trimester frequency of (A) isolated eye blinking, (B) mouthing, (C) yawning, 


(D) tongue expulsion, (E) grimacing, (F) swallowing, (G) head retroflexion, (H) head rotation. (Continued) 
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Figure 11 (Continued) (I) head anteflexion, (J) hand to head, (K) hand to mouth, (L) hand to eye, (M) hand to face, (N) hand to ear movements. 


the beginning of 24th week. At the beginning of the third 
trimester, the fetuses display decreasing or stagnant incidence 
of fetal facial expression. However, all types of head move- 
ments and hand to body contact movements indicated 
a decrease in frequency from the beginning of the second 
trimester to the end of the third trimester. This longitudinal 
study establishes reference ranges with GA for suggestible used 
fetal neurobehavioral development parameters in respected 
number of normal singleton pregnancies. Standard of move- 
ment pattern and facial expression pattern curves are 
constructed through all the trimesters of pregnancy. Results 
from Yigiter et al. are similar to that study, as they found a 
significant correlation between all head movements and hand 
to body contact patterns during the second and third 
trimesters except for head anteflexion, which did not show a 
significant change during the second half of pregnancy (22). It 
has also been suggested that there is a tendency toward 
decreased frequency of observed facial expressions and 


movement patterns with increasing GA (4). All types of facial 
expressions display a peak frequency at the end of the second 
trimester, except in isolated eye blinking, which increases at 
the beginning of 24th week (4). 


The Third Trimester 

During the second half of pregnancy, motor behavior 
becomes increasingly frequent and variable. Patrick and 
colleagues ultrasonically studied fetal stretching and rolling 
movements during the last 10 weeks of pregnancy and found 
that fetuses on average made 31 gross fetal body movements 
per hour that accounted for 10.2% of time (29). In a 
behavioral study of 20 healthy preterm infants (GA from 
28 to 34 weeks), an obvious developmental improvement 
in orienting responses and in motor performance was 
assessed (29). Prechtl and colleagues showed that the 
development was intraindividually characteristic and consis- 
tent, but interindividually variable (30). In short, a rich 
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Figure 12 Fetal face depicted by 3D ultrasound with details and facial expression. 


variety of fetal and premature movements has been described 
and it has been shown that the repertoire of fetal movements 
consists exclusively of motor patterns that can also be 
observed postnatally and that there is a high degree of 
continuity of behavior before and after birth. However, the 
newborn’s behavioral repertoire rapidly expands with pat- 
terns never observed in the fetus, such as the Moro response. 
Significant developmental changes in specific movement 
patterns during the last trimester of pregnancy are in EMs: 
isolated EM was observed since the 16th week of gestation 
and rapid eye movements (REMs) since the 19th week (31). 

The parameters that could be detected and analyzed during 
the third trimester are fetal heart rate (FHR) pattern, and eye 
and body movements (1). The association of these movements 
increases steadily, and in the last weeks of pregnancy, fetal 
behavior can almost completely be described in terms of 
behavioral states, which are stable over time and recur 
repeatedly, not only in the same infant, but also in similar 
forms in all infants (32-34). The concept of behavioral states 
has been used as a descriptive categorization of behavior, and 
also as an explanatory concept in which states are considered 
to reflect particular modes of nervous activity that modify the 
responsiveness of the infant (32). 

By term, normal number of generalized movements per 
hour was found to be approximately 31 with the longest period 
between movements ranging from 50 to 75 minutes (7). This 
reduction is considered as a result of cerebral maturation 
processes, rather than a consequence of the decrease in the 
amniotic fluid volume (AFV). Simultaneously, with the 
decrease in the number of generalized movements, an increase 
in the facial movements, including opening or closing of the 
jaw, swallowing, and chewing can be observed. These move- 
ments can be seen mostly in the periods of absence of 
generalized movements and that pattern is considered to be 
the reflection of the normal neurologic development of the 
fetus (7). However, the changes not only in the quantity of 


movements, but also in their quality are shown to be the result 
of maturational processes. 

The incorporation of 3D-US technology into clinical practice 
has resulted in remarkable progress in visualization and 
anatomic examination of the fetal face. 4D-US, in turn, provided 
for the first time an opportunity to evaluate subtle fetal facial 
expressions, which can be used to understand fetal behavior 
(35). The 4D-US has additional advantages in studying fetal 
activity in the surface-rendered mode and is particularly 
superior for fast fetal movements. Because of its curvature and 
small anatomic details, the fetal face can be visualized and 
analyzed only to a limited extent with 2D-US (Fig. 12) (5). 

The entire face cannot be seen on a single 2D-US image, but 
3D-US allows spatial reconstruction of the fetal face and 
simultaneous visualization of all facial structures such as the 
fetal nose, eyebrows, mouth, and eyelids. The standardized 
image display helps sonologists to understand fetal anatomy 
better and to communicate complex observations to both 
parents and less experienced observers. This technique does not 
replace conventional real-time 2D-US imaging, but rather 
supplements it. The 3D-US requires an investment of additional 
time in each case; therefore, it is predominately used, presently 
in conjunction with 2D-US, as a problem-solving tool. 

Although facial movements, which are controlled by V and 
VII cranial nerves, appear around 10 and 11 weeks, the exact 
onset of facial expressions has not been determined and it is 
still unclear whether their appearance is GA related (35). The 
possibility of studying such subtle movements might open a 
new area of investigation. 

Simultaneously, with the decrease in the number of GMs, an 
increase in facial movements, including opening or closing of 
the mouth and swallowing, can be observed. This pattern is 
considered to be a reflection of the normal neurologic 
development of the fetus. An important diagnostic aim of 
the observation of facial expression is prenatal diagnosis of 
facial paresis. The criterion for the diagnosis is asymmetric 
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facial movement and detection of the movement is limited to 
only one side of the face. Unfortunately, during the relaxed 
phase, it is not possible to evaluate the status of the facial nerve. 
Therefore, during the active phase, the fetus should be scanned 
by 4D-US. Because the origin of facial expression can be 
influenced by external forces, before the final diagnosis, 
examiners should be aware of this pitfall. For example, force of 
the fetal hand can alter the facial expression on one side of the 
face, causing asymmetry. This kind of asymmetry, however, 
should be differentiated from pathologic features such as 
unilateral facial paresis (35). 

Zagreb group evaluated fetal behavioral patterns in the third 
trimester between 30 and 33 weeks of gestation in 10 gravidas (3). 
The incidence of eyelid movements ranged between 4 and 20 
with a median value of 17, mouthing movements ranged 
between 2 and 19 (Fig. 13) with a median value of 12, and 


(A) (B) 
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mouth and eyelid movements ranged between 0 and 13 with a 
median value of 5. The incidence of pure mouth movement 
such as mouth opening ranged between 4 and 13 with a 
median of 5, tongue expulsion (Fig. 14) ranged between 0 and 
2 with a median of 2, yawning ranged between 0 and 2 with a 
median of 1, and pouting ranged between 0 and 9 with a 
median of 3. 

The incidence of facial expressions such as smiling ranged 
between 2 and 7 with a median of 2, and scowling between 2 
and 4 with a median of 2. It is evident that eyelid and 
mouthing movements dominate at this GA (3). Pure mouth 
movements such as mouth opening, tongue expulsion, 
yawning, and pouting are present, but at a significantly lower 
incidence. Facial expressions such as smiling (Fig. 15) and 
scowling can be observed. Surface-rendered images that were 
used in this study depict the entire face and the relationship 


Figure 13 The 3D surface-rendering mode of the fetal mouthing in the third trimester. Mouthing movements dominate at this gestational age. 


(B) 


Figure 14 The 3D surface-rendering mode of the fetal tongue expulsion in the third trimester. 
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between facial structures such as the nostrils, opened or closed 
eyelids, and mouth on a single image. Furthermore, depiction 
and observation of the orbital region and the status of fetal 
eyelids can be easily performed by this mode. However, EM 
cannot be registered because of the character of 4D-US that 
allows visualization exclusively of superficial structures such as 
the eyelids. Simultaneous visualization of EM and mouthing 
can therefore not be achieved. The focus of interest in that 
study was the analysis of eyelid movements and mouthing 
both separately and together. Since there is a relationship 
between mouthing and non-REMs, the group of authors 
hypothesized that non-REM phases correlate with closed eyes 
and mouthing phenomenon, and that this pattern can be 
indirectly determined by 4D-US. Using 3D-US it was not 
possible to determine the beginning of mouth opening or 
smiling or the beginning of mouth opening, mouthing, or 
yawning. Therefore, 3D-US is not suitable for the observation 
of facial expression. Furthermore, as well as the duration of 
single facial movement or expression, complex facial move- 
ments such as the simultaneous movement of the two facial 
organs—mouth and eyelids—can be depicted. Mouthing, 
mouth opening, and yawning simultaneous with eyelid 
opening can thus be seen only using 4D-US. 
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The next study by this team showed the ability of 4D 
sonography to depict different facial expressions and grima- 
cing (Fig. 16), which might represent fetal awareness (36). This 
was based on the consideration that “the face predicts the 
brain” because of the same embryologic origin for many facial 
and encephalic structures (37). Very early in pregnancy fetuses 
are reactive to stimuli, but the reaction does not provide any 
evidence that the fetus actually experienced the stimulus. It has 
been shown that noxious stimuli can initiate physiologic, 
hormonal, and metabolic responses, but these neither imply 
nor preclude suffering, pain, or awareness. Is it the facial 
expressions of the fetus that can help to understand what the 
fetus would like to communicate? We can see on the fetal face 
whether it is satisfied or unhappy, smiling or worried, self- 
confident or uncertain, but it is questionable whether the 
expression of the fetal face predicts its normal neurologic 
development. Whether the fetal face is an “organ that 
expresses awareness” with very complex functions is still 
questionable, because we need more scientific confirmation of 
what constitutes fetal awareness. 

The study included 99 patients, 40 of whom were in the 
second and 59 in the third trimesters of pregnancy. Positive 
observation has been defined as a facial expression or 


Figure 15 Smiling fetus (3D ultrasonography). 


(A) 


(C) 


Figure 16 The 3D surface-rendering mode of the fetal grimacing in the third trimester. This movement is shown to have the continuity in its quantity and quality 


in the neonatal period. 
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movement noted at least once during the observation of one 
examinee. A tendency toward increased frequency of observed 
facial expressions with increasing GA was noted, but the 
difference between the second- and third-trimester fetuses was 
not significant due to the low frequency of movements. As at 
that time the images were only near real time, they were able to 
study only the quantity and not the quality of facial movement 
patterns with the possibility that some very subtle facial 
movements may have been missed. 

In the recent study by Yan and his group, 10 healthy fetuses 
aged from 28 to 34 weeks were recorded continuously for 
15 minutes with a 4D ultrasonographic machine, and the 
occurrence rates of blinking, mouthing, yawning, tongue 
expulsion, smiling, scowling, and sucking were evaluated (38). 
As in previous reports, mouthing was found to be the most 
active facial expression during this gestational period (3,36). 
However, the frequency of blinking was lower in this study. 
This could be due to the differences in the characteristics of the 
samples recruited and differences in interpreting the definition 
of each facial expression. 

During the last trimester of pregnancy, significant develop- 
mental changes in specific movement patterns can be 
observed. Isolated EMs can be registered from 16 gestational 
weeks onward and REMs from 19 weeks (39). The EM 
patterns begin to consolidate at 24 to 26 weeks of gestation, 
and the periods of EMs begin to alternate with non-eye 
movement periods (NEM). During the last 10 weeks of 
gestation, both switching and maintaining mechanisms 
responsible for this ultradian rhythms mature, and constant 
mean values of duration of EM and NEM periods are achieved 
by 37 to 38 weeks. At that time, EM and NEM lasted 27 to 29 
and 23 to 24 minutes respectively, which is similar to the 
values in the neonate (40). From 33 weeks onward, both REM 
pattern and slow rolling movement pattern can be registered, 
and the periods of REM alternate with periods of NEM. At 36 
to 38 weeks of gestation, they become integrated with other 
parameters of fetal activity, such as heart rate and fetal 
movements, into organized and coherent behavioral 
states (41,42). This indicates that the pontine and thalamo- 
cortical connection area neurons start functioning at that time. 
Regular mouthing concurred closely with the non-REM 
period from 35 weeks to term, whereas random mouthing 
movement was observed predominantly during the EM period 
and was unrelated to the advance of GA (3). 


Fetal Behavior as an Indicator of Fetal Brain Impairment 

The integrity of fetal nervous system could be assessed at least 
by two available methods. The first is assessment of previously 
described behavioral states, and the second is the qualitative 
assessment of GMs (43). Maturation of behavioral states was 
shown to be disturbed in risk pregnancies, like pregnancies 
with intrauterine growth restriction (IUGR), diabetes mellitus, 
or alcohol consumption. Even maternal emotions, like anxiety, 
have influence on the quantitative distribution of fetal 
behavioral states. The drawback is the unspecific nature of 
these changes in development limiting the clinical significance 
for predicting later impairment, which is in agreement with 
the findings on abnormal states in the neonate. Qualitative and 
quantitative changes of the state variables are unspecific sign of 
neural dysfunction and poor basis for prediction of later 
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neurologic outcome. State assessment can be used as an 
indicator of an unspecific developmental delay. Qualitative 
assessment of GMs was underestimated for a long time due to 
the “subjectivity” of method that includes the observation of 
fetal movements. For many years, the interest of obstetricians 
was focused on the quantity of fetal movements, which was 
considered as an indicator of fetal well-being. Later studies on 
the subject have shown that movement counts are a poor 
indicator of brain damage, mainly because the great intra- and 
interindividual differences and the large overlap between 
normal and abnormal, which makes this method clinically 
useless. On the other hand, changes in the elegance and 
fluency, as well as the variability and fluctuation of intensity 
and speed of motor performances, were shown to be 
prominent in the sick preterm infants. It became evident that 
the qualitative changes in motor patterns of both the fetus and 
the neonate precede quantitative changes when the integrity of 
the nervous system is impaired. It must be admitted that it is 
more difficult to objectify complex qualitative changes than it 
is simply to count certain events when they occur, but the 
Gestalt perception is an excellent method for dealing with such 
phenomenon. Important step is video recording of move- 
ments of sufficient length to make a selection of several 
movements from one recording session. The observed GMs 
are diagnosed as normal if the movements are complex, 
including neck, trunk, and limb movements in a variable 
sequence, and are fluent and wax and wane in their intensity. 
GMs are selected for judgment only if they last for 20 seconds 
or longer. If the GMs are monotonous, have less complexity, 
and are repetitive in pattern, they are judged as abnormal and 
as being of “poor repertoire.” Other abnormal patterns are the 
“cramped-synchronized” type, when the movements occur in 
block with almost simultaneous muscle contraction and 
relaxation. Besides that movements may occur in a jerky and 
exaggerated manner and in chaotic order. If the movements 
last very shortly and, hence, they are difficult to be judged, 
then we speak of “hypokinesis.” Several studies employing this 
new assessment have been carried out and they showed that 
the early normal or abnormal findings of the GM quality are 
highly predictive for later outcome (43,44). 

Assessment of GMs is based on the concept of ontogenetic 
adaptation corresponding to the development of human 
organism, which is during each developmental stage adapted 
to the internal and external requirements. Prechtl stated that 
spontaneous motility, as the expression of spontaneous neural 
activity, is a marker of brain proper or disturbed function 
(7,9). The observation of the unstimulated fetus or infant, 
which is the result of spontaneous behavior without sensory 
stimulation, is the best method to assess its CNS capacity. All 
endogenously generated movement patterns from an unsti- 
mulated CNS could be observed as early as from the 7 to 
8 weeks of postmenstrual age, with a reach repertoire 
of movements developing within the next 2 or 3 weeks, 
continuing to be present for 5 to 6 months postnatally. 

The identification of “CNS depression” during fetal life is 
based on pre-competences (opening of the eyes, variety of 
facial expressions), primary reflexes (rhythmical bursts in the 
sucking pattern), and quality of GMs (44—46). The addition of 
cranial signs (such as insufficient head growth and overlapping 
sutures) to neurologic signs could be a valuable complement 
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(44,45). Moreover, the identification of dynamic and static 
patterns of the symptoms may be as helpful to date the insult 
as it is postnatally: the more stable the signs, the more precise 
is the timing of the insult. In the presence of neurologic signs 
in fetuses, the next step is to proceed to the clinical synthesis. 
In order to do so, all examinees should be followed till 
the age of 2 years, when their categorization to disabling or 
nondisabling cerebral palsy (CP) can be possible, based on 
clinical neurologic findings and presence or absence of the 
ability to walk. 

Obstetricians would have a great benefit if it were possible to 
assess the condition of the fetal nervous system especially due 
to the fact that in many cases obstetricians are held responsible 
for brain damage in neonates, regardless of a growing pool of 
evidence that most of such damages are consequences of 
prenatal complications. Even after the fetal brain anatomy can 
be visualized by ultrasound and the development of the fetal 
brain is well understood, not much is known about the 
functional development of the fetal CNS. In other words, 
the fetal CNS is not accessible. It is possible only to ascertain 
the output of the CNS, that is, “fetal behavior.” Observation of 
fetal behavior provides a direct assessment of the most 
important human organ. It is possible to look closely at the 
functioning of the CNS and the brain. Prenatal motility is 
considered not only to reflect the developing nervous system 
but also to involve functional and maturational properties of 
fetal hemodynamic and the muscular systems (8). Prechtl and 
his coworkers have explored spontaneous motility during 
human development (43). They introduced the concept of 
ontogenic adaptation, meaning that during each develop- 
mental stage, the functional organization has to take into 
account internal and external requirements. Any fetal brain 
damage will interfere with endogenous motor activity. There- 
fore, spontaneous movements, as an expression of neural 
activity, could be used as a marker for fetal brain status. 
Consequently, the observation of the unstimulated fetus or 
infant should contribute significantly to the assessment of CNS 
function. Even after delivery, behavioral patterns frequently 
provide the most useful indicators of brain function in spite of 
having extending access to neurologic, physiologic, and 
pharmacologic measures (8). This remarkable continuity of 
endogenously generated activity from prenatal to postnatal life 
may allow identifying those fetuses and infants with emerging 
neurologic impairment. 

During the 9 months of gestation, the repertoire of fetal 
activities constantly expands, correlating precisely with 
structural development of the CNS (19). Major developmental 
events, such as the establishment of neural connections in the 
different regions of the brain, are accompanied by the 
occurrence of new patterns of fetal activity or with the 
transformation of the existing patterns. The organization of 
behavioral states during the final weeks of pregnancy shows 
that the connection between cerebral cortex and periphery is 
established and that the cerebral cortex takes control over fetal 
activity. This also indicates the ability of the fetus to perceive 
and process external signals. Furthermore, the latest results 
indicate that even higher brain functions, such as learning, 
develop in utero during the last weeks of gestation (19). 

The major problem with the study of fetal behavior is that it 
is very time consuming and not enough functional for routine 


65.17 


clinical practice. The question of subjectivity should be 
overcome using recording of information. Nevertheless, there 
is no other possibility of assessing the function of the CNS in 
utero, and this is needed for the understanding of the hidden 
information in the neurodevelopmental pathways of the fetal 
CNS. Only if normal behavior is fairly understood, it is 
possible to identify and to perceive abnormal behavior before 
birth (15,47). 

First reports on fetal behavior obviously suggested that these 
studies should be standardized as muchas possible. An objective 
analysis with strict application techniques and the use of valid 
reference ranges appropriate for the GA are essential (1). 
Without such standardization, comparisons with former or 
future measurements of patients and comparable studies 
cannot be made. In order to achieve this goal, the Zagreb group 
published the first study, which described the 4D sonographic 
techniques used for obtaining longitudinal standard parameters 
of fetal neurologic development in all trimesters of a normal 
pregnancy (4). Measurement of 7 parameters in the first 
trimester and 11 parameters in the second and third trimesters 
correlated with GA. Those parameters have been followed 
longitudinally through all trimesters and showed increasing 
frequency of fetal movements during the first trimester. A 
tendency toward decreased frequency of facial expressions and 
movement patterns with increasing GA from second to third 
trimesters has been confirmed (4). 

Despite the long-standing conclusion that it is possible to 
make valid conclusion about brain function from observed, no 
generalized antenatal behavior screening has been developed 
to identify fetuses that may have CNS defects. Recent study 
from Morokuma tried to produce screening test that would be 
less time consuming and in that way cost effective as compared 
with their previous study (48). They devised a brief ultrasound 
examination to distinguish fetuses with compromised CNS 
function from the general population and evaluated it with 
their study (49). The study design compared findings on five 
behavioral patterns obtained by retrospectively reviewing the 
ultrasound examinations of 5 fetuses that had abnormal 
behavior with prospectively obtained findings of 29 normal 
fetuses. Median time for brief examination criteria was 
50 minutes (range 30-60 minutes) with the only case 
undetectable by this brief ultrasound examination had an 
EM period significantly longer than the normal upper limit. 

Improvements in technology and procedures that provide 
direct access to the fetus in utero are generating the impetus 
for prenatal developmental research to move beyond the 
simple documentation that behavioral abnormalities during 
pregnancy can produce effects that are evident in their 
offspring after birth. Rather, we see a growing need for 
developmental researchers to focus attention on how prenatal 
events affect the fetus, its behavior, and its relationship with 
environmental conditions in utero. Investigation of behavioral 
potentials in the fetus will promote understanding of the 
mechanisms of normal and abnormal development that lead 
to predictable behavioral outcomes after birth. In other words, 
behavioral study of the fetus will be necessary to understand 
the origins of motor and sensory capabilities of infants and the 
mechanisms of altered developmental outcomes (45). 

Awareness of changing risk, and the potential for significant 
neurodevelopmental problem, is an underlying principle of 
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(A) (B) 
Figure 17 Nuchal cord around the (A) neck and (B) eyes. 


perinatal medicine. Unfortunate neurologic outcomes often 
result from a delay in recognizing or responding to CNS 
developing risk. This factor may necessitate the timely referral 
of individuals to an appropriately staffed facility. The timing of 
referral can be critical, but there are obvious difficulties that 
may result in the decision to refer being considered 
unnecessary or, on the other hand, too late. 

In the following chapter, we review the literature on the 
behavior in the high-risk pregnancies for CP that were defined 
according to our previous study (50,51). Although we were 
aware that major prenatal pathologies associated with CP are 
prematurity, antepartum hemorrhage, complications of multi- 
ple pregnancy, genetic disorders, intrauterine infection, IUGR, 
multiple congenital anomalies, maternal diseases (hypothyr- 
oidism, diabetes, drug abuse, severe pre-eclampsia, viral 
illness), placental pathology, tight nuchal cord (Fig. 17), fetal 
hemorrhage, and fetal rhesus disease, we also included 
prenatal history of neuromuscular disease, which can adversely 
affect fetal movements and their inadequate interpretation (52). 
Main focus was on maternal pathologic conditions, while fetal 
behavior in multiple pregnancies is described in detail 
elsewhere in the book. 


Fetal Behavior in Pregnancies Complicated by Maternal 
Diabetes Mellitus Type I 

Among previously mentioned risk states for disturbed fetal 
behavior and motility, one of the most investigated is maternal 
diabetes mellitus, mostly type I. Those pregnancies were 
shown to be often complicated by early fetal growth delay and 
congenital malformations that frequently involve the nervous 
system. Both abnormal embryogenesis and early growth 
restriction are suggested to shear the common mechanism. 
Main findings on the subject are given in Table 1. 

The new findings were made when the emergence of 
frequently occurring movement patterns was plotted against 
fetal crown—rump length, which is usually smaller in diabetic 
pregnancy, and there was still a general delay in comparison 
with the control group. It was concluded that delay in motor 


development therefore does not run completely parallel with 
the delay in growth, which indicates the possible existence of a 
specific diabetes-related influence on the functional develop- 
ment of the embryonic and fetal nervous system. Hypergly- 
cemia was considered to be responsible, as the delay in the 
emergence of fetal GMs was most profound in the women 
whose periconceptional quality of glucose control was poor. 
When investigators looked into the developmental trends 
in the occurrence of movement patterns in diabetic pregnan- 
cies, they found the similarity to those in the control fetuses, 
with the exception of startles. It was found that before the 9th 
week of gestation, fetal movements occurred less frequently, 
which was related to the quality of maternal glucose control. 
After 12 weeks, the overall incidence was higher than that in 
the control group, due to an increase in the incidence of 
breathing movements that was generally slower than that in 
the control group (57). 

For further investigation of the impact of early growth delay 
on subsequent growth (birth weight) and functional develop- 
ment near term (organizational level of fetal behavioral states), 
the same group investigated 21 and 10 fetuses of diabetic 
women, respectively (59). They found no relationship between 
the degree of early growth delay and birth weight, while the 
mean growth delay per fetus in early diabetic pregnancy was 
negatively correlated with the occurrence of no coincidence 
between behavioral state parameters at 36 weeks. Those results 
have shown that disorders occurring in early life may underlie 
abnormal functional development in later life, whereas (catch 
up) growth is mainly determined during the second half of 
pregnancy. These results corroborate their following findings 
in the fetuses at 32 to 38 weeks of gestation in type I diabetic 
pregnancy (60). 

To assess the effect of type I diabetes on the quality of 
GMs, Kainer and coworkers analyzed GMs longitudinally in 
12 human fetuses at 2-week intervals from 16 weeks until 
delivery (63). All fetuses showed normal GMs at 16 weeks, but 
from 20 weeks onward until delivery five fetuses developed 
abnormal GMs. The diabetes optimality score was significantly 
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Table 1 Additional Findings of Fetal Behavior in High-Risk Diabetic Pregnancies in Published Reports 


Author Year 
Visser et al. (53) 1985 
Mulder et al. (54) 1987 
Visser et al. (55) 1986 
Mulder et al. (56,57) 1991 
Mulder et al. (58) 1990 
Mulder et al. (59) 1992 
in later gestation 
Mulder et al. (60) 1995 
diabetic pregnancies 
Reece et al. (61) 1995 
Devoe et al. (62) 1995 


Main findings 


First study on diabetes-related influence on delay emergence of fetal behavioral patterns 

Study on diabetes-related influence on delay emergence of fetal behavioral states 

Integrated results on diabetes-related influence on fetal behavioral pattern through the gestation 
Additional findings on diabetes-related influence on fetal behavioral patterns 

Study on diabetes-related influence on behavioral states in the near-term fetuses 

Indicated that diabetic disorders occurring in early life may influence abnormal functional development 


Study on fetal breathing movements in relation to other parameters of fetal well-being in late 


Findings on how maternal hypoglycemia affects fetal behavioral parameters 
Study on diabetes-related influence on fetal biophysical activities in the third trimester 


Table 2 Additional Findings of Fetal Behavior in High-Risk Intrauterine Growth Restriction (IUGR) Pregnancies in Published 


Reports 
Author Year 
Van Vliet (64) 1985 
growth-restricted fetuses 
Van Vliet (65) 1985 
Arduini (66) 1988 
Rizzo (67) 1987 
Sival (68,69) 1992 
Ribbert et al. (70) 1993 
in growth-restricted fetuses 
Vindla et al. (71) 1997 
Bekedam et al. (72) 1991 


Andonotopo et al. (73) 2006 


lower in the group with abnormal GMs whereas the pregnancy 
optimality score did not differ between fetuses with normal 
and abnormal GMs. These results indicate that type I diabetes 
can have a negative impact on prenatally observed GMs and 
that consistently normal GMs indicate normal neurodevelop- 
mental outcome at 10 months. Although it is the very 
important observation on the effect of type I diabetes on the 
quality of GMs, relatively small number of observed fetuses 
cannot be denied. 

To synthesize we can say that all mentioned published 
studied confirmed at least slight impact of maternal diabetes 
mellitus on fetal and even embryonic movements and 
behavior. The delay of mergence of spontaneous motility 
was shown to be independent on growth delay and changes of 
motility could not be explained by the glycemic control of the 
mother. Disturbed organization of behavioral states and GMs 
in fetuses in pregnancies complicated by the diabetes mellitus 
demand further investigation by the 3D and 4D technologies 
that will clarify the neurobehavioral changes in these fetuses. 


Fetal Behavior in Pregnancies Complicated by IUGR 
Studies dealing with fetal behavior in IUGR pregnancies are 
presented in Table 2. 

One of the first studies on the impact of growth restriction 
on the fetal behavior focused on fetal breathing and on the 
course of behavioral state (67). To achieve that goal, Van Vliet 
and his group used real-time ultrasound scanners to detect 


Main findings 


Results on relationship between fetal activity and behavioral states in the third-trimester 


Showed that the quality and quantity of the growth-restricted fetal motility is disturbed 

Showed that the quality and quantity of the asymmetrical growth-restricted fetal motility is disturbed 
Findings on the influence of fetal blood flow on the IUGR fetal motility 

Findings on the IUGR influence on the fetal general movements 

Showed the dynamic of fetal movements and relations to other parameters of fetal well-being 


Findings on fetal movements as the predictor of fetal condition 

The effects of maternal hyperoxia on fetal breathing movements, body movements, and heart 
rate variation in IUGR fetuses 

The 4D findings on fetal behavior of growth-restricted fetuses 


fetal eye, body, and breathing movements, and the FHR of 12 
growth-retarded fetuses between 36 and 40 weeks of gestation. 
The mean incidence of fetal breathing was greater during 
periods of fetal activity (body and eye movements present, 
greater heart rate variability) than during quiescence (body 
and eye movements absent, narrowed heart rate variability) at 
all GAs studied in both low-risk and growth-retarded fetuses. 
During periods when one of the state variables was in its active 
condition while the other two were quiet, or the reverse, the 
incidence of fetal breathing was intermediate between those 
found when all three state variables were in agreement. After 
behavioral states had developed, at 38 and 40 weeks, the mean 
incidence of fetal breathing in the low-risk fetuses was greater 
during active states than during the quiescence. There was no 
apparent increase in the degree of linkage between fetal 
breathing and other expressions of fetal activity after the 
emergence of behavioral states (67). In another study by the 
same group, behavioral state observations were carried out on 
12 fetuses, which subsequently had birth weights below the 
10th percentile (68). Their GAs at the time of study ranged 
from 32 to 40 weeks. Real-time ultrasound scanning was used 
to detect fetal body and eye movements, and the FHR was 
continuously recorded using a clinical fetal monitor. The 
appearance of states seemed to be delayed in the growth- 
restricted fetuses since states were present in only three of eight 
growth-restricted fetuses studied at 40 weeks. Also at 40 weeks, 
the proportion of discordant association of the state variables 
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was increased in the growth-restricted fetuses as compared 
with the control. There were no consistent differences between 
the two groups in the occurrence of defined combinations of 
parameters of the state variables at earlier ages. The results 
from this study showed that the growth-restricted fetuses have 
impaired quality and quantity of somatic motility in 
comparison with low-risk fetuses of equivalent GA. These 
observations suggest that some aspects of CNS function are 
disturbed in growth-retarded fetuses, even in the absence of 
fetal distress (68). 

The implementation of 4D sonography was necessary to 
find out whether the quantity of fetal facial expression and 
quality of body movements can be used as an additional 
diagnostic criterion for prenatal brain impairment in fetuses 
with growth restriction. For that purpose, a prospective study 
was conducted in 50 pregnant women with a growth-restricted 
fetus and in 50 uncomplicated healthy women in the third 
trimester of pregnancy (73). The 4D ultrasound observation 
was specially designed to assess whether functional brain 
impairment and fetal growth restriction had prenatally 
occurred by the utilization of several behavioral patterns. 
The results showed that the median value of all movement 
patterns in the normal fetuses differed from fetuses with 
IUGR. Statistical evaluation revealed significant differences in 
the distribution of the movements between these groups. A 
tendency that IUGR fetuses have less behavioral activity than 
normal fetuses was noted in all observed movement patterns. 
Correlation reached statistical significance between normal 
and IUGR fetuses in the third trimester in hand to head, hand 
to face, and head retroflexion. Statistically significant differ- 
ences could be shown in the distribution of the median values 
of observation over the five qualitative categories of head and 
hand movements. These recent data on IUGR fetuses obtained 
by 4D sonography are stimulating and might result in a more 
effective strategy to assess development before birth and may 
encourage future use of 4D ultrasound for quantitative and 
qualitative assessment of fetal behavior as possible indicators 
of the neurologic condition in IUGR fetuses (73). 

Fetal body movements and breathing movements as a 
variables of fetal biophysical profile (BPP) have been shown to 
be predictable of impending fetal infection in patients with 
premature rupture of the membranes (74) (Table 3). 

Some viral and bacterial pathogens have been shown to 
influence fetal motility. For example, transplacental infection 
with coxsackie B3 confirmed by molecular techniques resulted 
in severe reduction of fetal movements at the 27th week 
detected by prenatal 2D ultrasound. Late onset of fetal akinesia 
deformation sequence with mild arthrogryposis was the 
finding at fetal autopsy following interruption of the 
pregnancy (75). Listeria monocytogenes has been increasingly 
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recognized as a cause of intrauterine sepsis with associated 
perinatal wastage. The most common presentations in 
pregnancy include premature labor, an influenza-like illness, 
and reduced fetal movements (76). 

Intraamniotic infections often result in preterm premature 
rupture of membranes (PROM). In a prospective study, 
fetal behavior was observed in 41 cases complicated with 
PROM (77). The length of time and the number of fetal 
breathing and gross body movements were correlated with the 
amniotic fluid culture results. An episode of fetal activity (body 
movements and breathing movements) of greater than or 
equal to 30 seconds during 30 minutes of observation was 
associated with the absence of intraamniotic infection in 100% 
of the cases. On the other hand, the absence of fetal breathing 
movements and gross body movements of less than a 
50-second duration during 30 minutes of observation was 
associated with positive amniotic fluid cultures in all cases. If 
an episode of fetal breathing movements was present but lasted 
less than 30 seconds and/or the total time of gross body 
movements was greater than 50 seconds, 64% of patients 
had an intraamniotic infection. The conclusion was that 
the breathing movements could be used as a predictor of 
intraamniotic infection. On the contrary, study by Del Valle 
and his group, which enrolled 68 women with the diagnosis of 
PROM, showed that the BPP with breathing movements 
included and the nonstress test (NST) are poor predictors of 
perinatal infectious complications (78). 

To investigate the relation between AFV and fetal move- 
ments at less than 32 weeks of gestation as assessed by routine 
BPP, the study included 352 consecutive nonhypertensive, 
nondiabetic patients (79). The results revealed a significant 
correlation between decreased AFV and decreased fetal 
movements. Fetal presentation and GA were not significantly 
different between patients based on the score of fetal 
movements. The authors concluded that decreased AFV is 
associated with decreased fetal movements irrespective of fetal 
presentation or GA (79). 

Nicotine was shown to have impact on fetal motility and 
there are recently published studies on fetal movement in early 
pregnancy that were qualitatively and quantitatively observed 
by ultrasound monitoring in women smokers and in controls 
(Table 4) (80). 

The study included three groups of 20 pregnant women 
each: nonsmokers (group 1), smokers of an average of 10 
cigarettes daily (group 2), and smokers of an average of >20 
cigarettes daily (chronic smokers; group 3). The 2D US study 
was performed once during gestational weeks 10 to 20 by the 
then standard method of fetal movement monitoring: (i) 
quantitative measurement of global fetal movements qualita- 
tively verified as brisk or sluggish, (ii) quantitative measurement 


Table 3 Additional Findings of Fetal Behavior in Pregnancies with Maternal Infection in Published Reports 


Author Year 
Konstantinidou et al. (75) 2007 
Craig et al. (76) 1996 
Goldstein et al. (77) 1988 
Del Valle et al. (78) 1992 
Sherer et al. (79) 1996 


decreased fetal motility 


Main findings 


Case report on the effect of coxsackievirus B3 on fetal motility 

Study on the effect of Listeria monocytogenes on fetal motility 

Findings on fetal body and breathing movements as predictors of intraamniotic infections 
Findings on fetal body and breathing movements as poor predictors of intraamniotic infections 
Showed that decreased amniotic fluid volume before the third trimester is associated with 
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of isolated spontaneous head movements, (iii) quantitative 
measurement of isolated spontaneous arm movements, (iv) 
quantitative measurement of isolated spontaneous leg move- 
ments, and (v) M-mode measurement of FHR. The results 
showed that the ratio of brisk to sluggish fetal movements was 
higher in nonsmokers compared with smokers. The rate of 
isolated spontaneous head and arm movements and of the 
upper cerebral pattern (head and arm movements) was 
statistically significantly lower in group 3 as compared with 
groups 1 and 2, whereas no statistical significance was 
recorded in isolated spontaneous leg movements. The rate of 
fetal tachycardia was also significant in group 3, whereas 
tachyarrhythmia was recorded in seven children born to group 
3 mothers. The described study of the effect of chronic tobacco 
hypoxia on the components of fetal behavior revealed a 
positive correlation between global and isolated fetal hypoki- 
nesia of the upper cerebral pattern, fetal tachycardia, and 
tachyarrhythmia in the group of mothers who were chronic 
smokers (80). 

To determine the effects of maternal smoking on fetal 
spontaneous behavior and auditory processing, Cow- 
perthwaite and coworkers examined 38 fetuses of smoking 
and nonsmoking mothers, stratified by GA and observed at 
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least 1 hour following smoking (81). Observations included 
spontaneous FHR and body movements (20 minutes) fol- 
lowed by a 2-minute audiotape of the mother reading a story 
while FHR and body movements were recorded. They found 
that the fetuses less than 37 weeks of GA of mothers who 
smoke throughout pregnancy have a delayed onset of response 
to the maternal voice, a subtle difference that may have 
implications for later language development for prematurely 
born infants. 

The relationships between maternal blood pressure (BP) 
and fetal behavior were examined in hypertensive compared 
with normotensive women at 33 and 36 weeks of GA (79). As 
expected, maternal BP was negatively related to GA at birth 
and birth weight (82). On average, fetuses of hypertensive 
women were born 2 weeks earlier (38 weeks of GA) and 340 g 
lighter. Maternal systolic BP was negatively related to the 
number of spontaneous body movements observed on 
ultrasound scan over 20 minutes and the magnitude of the 
FHR acceleration elicited by a vibroacoustic stimulus. At 36 
weeks of GA, vibroacoustic stimulation elicited differential 
responding with fetuses in the hypertensive compared with the 
normotensive group having fewer body movements, a lower 
magnitude of FHR acceleration, and a lack of cardiac—body 


Table 4 Additional Findings of Fetal Behavior in Pregnancies with Maternal Smoking in Published Reports 


Author Year 
Habek D (80) 2007 
Cowperthwaite et al. (81) 2007 


Main findings 


Revealed the effect of chronic tobacco hypoxia on the fetal behavior in early pregnancy 
Showed that fetuses less than 37 weeks of GA of mothers who smoke throughout 


pregnancy have a delayed onset of response to the maternal voice 


Figure 18 Anencephaly (3D image). 
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movement coupled responses. These findings suggest a 
relationship between maternal BP and fetal behavior and 
differential functional development of sensory-motor re- 
sponse systems, which need to be characterized in the 
subgroups of hypertensive disorders observed during 
pregnancy. 

Recent meta-analyses were conducted on archival data of 
human fetal behavior to identify differential behavior among 
high-risk fetuses in pregnancies complicated by threatened 
preterm delivery, maternal hypertension, or diabetes com- 
pared with low-risk fetuses in uneventful pregnancies, 
delivering as healthy, full-term infants (83). There were no 
differences in spontaneous behaviors when scored using 
clinical criteria for the NST and BPP; however, there were 
differences in the magnitude of the behaviors measured in the 
tests. Developmental differences were observed between those 
threatening to deliver early and the fetuses of hypertensive and 
diabetic mothers. The latter two groups differed little from one 
another but differed from low-risk fetuses in their response to 
auditory stimulation. It was concluded that differences in 
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behavior among high-risk groups suggest that atypical fetal 
behaviors may represent adaptation to condition-specific 
insult rather than a generalized response to insult per se. 
The finding that high-risk fetuses showed atypical responses to 
auditory stimuli indicates a need to examine the relation 
between fetal auditory function and later language acquisition. 


Behavior in Fetuses with Congenital Disorders 
Although behavior of fetuses with congenital disorders has 
been investigated and published in many, mostly case report 
publications, systematic approach to the issue lacks mostly 
because of high diversity of disturbances. Although estimation 
of neurodevelopmental outcome of the fetuses based on the 
following studies could be possible, a direct precise prognosis 
is still not available during the prenatal period. The use of 4D 
US recording could provide more information about the 
quality of fetal movements leading to the better prediction of 
neuronal development. 

De Vries conducted a literature search on motility in fetuses 
with congenital disorders. The review included 48 articles 


(A) 


(B) 


(C) 


Figure 19 Fetus with arthrogryposis—reduced movement pattern by 4D ultrasound. 
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describing motility of 104 fetuses (84). The author divided 
abnormal motility into two main subcategories: hypo- and 
hyperkinetic with posture affected in 40/60 hypokinetic and 
4/44 hyperkinetic moving fetuses. The majority of the disorders 
resulted in an adverse outcome. Fourteen percent survived 
with a handicap, depending on the underlying disorder. The 
16 disorders with hypokinetic motility had mainly an 
autosomal recessive etiology with no possibility of invasive 
prenatal diagnosis or conclusive sonographic structural 
anomalies, in contrast to the 17 disorders with hyperkinetic 
motility. Within the limitations of the studies, a deeper 
understanding of affected milestones in motor development 
can be obtained. The author concluded that broadening motor 
assessment procedures from quantitative to qualitative aspects, 
including the assessment of behavioral states, and emphasizing 
onset and continuity of motility before and after birth will 
enhance the reliability and predictive value of motility as a 
parameter in the assessment of fetal condition (84). 

Ahmed and his group established a behavioral state profile 
in eight high-risk fetuses by 4D US recording (85). In the 
study, the authors tried to observe all the behavioral 
parameters that are related to CNS function. In anencephalic 
case and cephalocele case, they noticed excessive hypertonic 
movements, while fetuses affected by homocystinuria and 
Meckel—Gruber syndrome demonstrated hypotonia. The 
sequence of occurrence of behavioral parameters was clearly 
abnormal in those fetuses affected by anencephaly (Fig. 18) 
and cephalocele. 

These findings fully agree with their previous case report on 
the behavior of an anencephalic fetus (51). 

Normal quantity and quality of behavioral parameters were 
noted in fetuses affected by prune belly, diaphragmatic hernia, 
achondrogenesis (Fig. 19), and hydrothorax. The quality and 
quantity of fetal movement in the fetus affected by 
achondrogenesis were normal, but it was difficult to observe 
the movement of extremities due to abnormal fetal posture. 

In conclusion, one can say that fetal behavior serves as a 
good indicator of impaired CNS development. Since the 
frequency of different neurologic disturbances united in a term 
of CP has not declined in spite all improvements in prenatal 
care, fetal behavior assessment could be of great help in 
neurologic assessment particularly of fetuses in high-risk 
pregnancies. 
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66 Umbilical artery doppler sonography for fetal surveillance: 


Principles and practice 
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INTRODUCTION 

Antenatal fetal monitoring is an essential component of 
modern obstetric care in pregnancies at high risk for adverse 
perinatal outcomes. Technical and clinical advances during the 
past few decades have resulted in the development of several 
methods of antepartum fetal surveillance that include fetal 
heart rate (FHR) monitoring, ultrasound assessment of fetal 
biophysical status, and Doppler velocimetry of fetal and 
uteroplacental circulation. This chapter presents a general 
background of Doppler ultrasound for fetal surveillance with 
emphasis on an evidence-based approach for its clinical 
application. The review is focused on the Doppler of the 
umbilical artery (UA), as it is the only fetal surveillance tool that 
has shown clinical effectiveness in improving perinatal outcome. 
Extensively revised since the last edition of the book, this chapter 
presents the following aspects of Doppler fetal surveillance: 


e A brief history of diagnostic Doppler ultrasound 

e Principles of Doppler velocimetry 

e Doppler velocimetry of the UA 

e Other fetal surveillance tests 

e Clinical effectiveness of Doppler velocimetry for fetal 
surveillance 

e Guideline for the clinical application of the Doppler 
fetal surveillance 


For a more comprehensive review of the various clinical and 
basic aspects of Doppler sonography in obstetrics, a dedicated 
text or reference book is recommended (1). 


A BRIEF HISTORY OF DIAGNOSTIC DOPPLER 
ULTRASOUND 

Doppler sonography is based upon the physical phenomenon 
of Doppler shift first described by Austrian mathematician and 
physicist Christian Andreas Doppler in 1841. Doppler first 
reported this phenomenon at a meeting of the Natural 
Sciences Section of the Royal Bohemian Society in Prague, a 
meeting with only five members of the society in attendance 
and a transcriber. His paper, entitled “On the Colored Light of 
the Double Stars and Certain Other Stars of the Heavens,” was 
published in 1843 in the society’s proceedings (2). To 
Doppler’s disappointment, however, the paper was not 
enthusiastically received by the scientific community of his 
time, although his principle has been extensively used in 
science and technology since the beginning of the twentieth 
century. 

The history of diagnostic Doppler ultrasound has been 
reviewed in greater detail elsewhere (3). The premier medical 
use of Doppler sonography occurred during the late 1950s. 
The use of Doppler sonography for the investigation of human 
fetal circulation was first reported by FitzGerald and Drumm 


in 1977 (4). Maulik and coworkers further reported the 
feasibility of the Doppler ultrasound for fetal circulatory 
assessment (5). During the following years, many investigators 
used this technique to characterize most major fetal circulatory 
systems. In 1986, the National Institute of Child Health and 
Development organized a workshop that highlighted many 
issues pertaining to Doppler ultrasound measurement of 
maternal—fetal hemodynamics (6). These issues were also 
addressed by many investigators and discussed in several 
scientific societies around the world including the Interna- 
tional Perinatal Doppler Society. For a decade and a half, the 
latter acted as a unique scientific forum dedicated to the 
obstetric applications of Doppler ultrasound and critically 
contributed to its introduction into the clinical practice 
through research and education. The diagnostic efficacy and 
clinical effectiveness of the Doppler technique has been 
extensively investigated. Of the various modalities of fetal 
surveillance, only the Doppler ultrasound of the UA has been 
shown to improve the perinatal outcome by randomized 
clinical trials (RCTs) and meta-analyses, and has now become 
a standard for fetal surveillance in most parts of the world. 


PRINCIPLES OF DOPPLER VELOCIMETRY 

Doppler Frequency Shift 

When relative motion occurs between a source of 
wave transmission and an observer, the observed changes in 
the frequency of energy wave transmission is defined as the 
Doppler effect. The change in the frequency is called the 
Doppler frequency shift or just the Doppler shift: 


fa=h-h Equation (1) 
where fa is the Doppler shift frequency, fi is the transmitted 
frequency, and f; is the received frequency. When the source 
and the observer move closer, the wavelength decreases and 
the frequency increases. Conversely, when the source and the 
observer move apart, the wavelength increases and the 
frequency decreases. The principle applies to all forms of 
energy wave propagation including sound. The utility of the 
Doppler effect originates from the fact that the shift in the 
frequency is proportional to the speed of movement between 
the source and the receiver and therefore can be used to assess 
this speed. 

The phenomenon of the Doppler effect is observed when an 
ultrasound beam encounters a scatterer in motion. The 
scatterer acts first as a moving receiver and then as a moving 
source. This forms the basis for restating equation (1) as 


fa =2f, vic f, Equation (2) 
where fy represents the Doppler frequency shift, fe the 
frequency of the incident beam (transducer frequency), 
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v the velocity of the scatterer in a given direction, and c the 
propagation speed of sound in the medium. Note that the 
transmitted ultrasound undergoes double Doppler shift before 
returning to the receiving transducer, the scatterer acting first 
as a receiver and then as a transmitter. This accounts for the 
factor of 2 in the above equation. In blood circulation, millions 
of red cells act as moving scatterers of an incident ultrasound, 
which consequently will undergo frequency shift proportional 
to the speed of red cell movement and therefore to blood 
flow velocity. 

When the incident beam incurs an angle (8) to the direction 
of blood flow, the v in the Doppler equation is replaced by the 
component of the velocity in the direction of the flow obtained 
by the cosine of the angle (cos 0;) (Fig. 1): 


fa =2(f,cosOv)/c 
To determine the velocity of the scatterer, equation (3) can 
be rewritten as follows: 


Equation (3) 


v= fyc/2 f,cos0 Equation (4) 

Thus, if the angle of beam incidence and the Doppler shift 

are known, the velocity of blood flow is also known 

assuming that the transducer frequency and the velocity of 

sound in tissue remain relatively constant. The above 

equation forms the basis for the clinical application of the 
Doppler principle. 


Circulatory Information from Doppler Shift 

Doppler sonography can yield a variety of clinically useful 
hemodynamic information. This includes quantification of flow 
and study of the flow velocity waveform (Table 1). Volumetric 
flow can be measured by integrating the average velocity across 
the vascular lumen with the vascular cross-sectional area. In the 
fetus, the Doppler technique has been used to measure 
umbilical venous flow (7), descending aortic flow (8), and fetal 
cardiac output (9). The clinical utility of Doppler flow 
quantification has remained limited because of its systemic 
unreliability related to errors in determining the vascular cross- 
sectional area and the Doppler angle. Consequently, the main 
perinatal use for Doppler sonography has been the indirect 
assessment of downstream impedance by Doppler waveform 
analysis. However, several investigators have now improved the 
Doppler flow quantification method paving the way for its 
future potential clinical application (10). Current advances in 
Doppler and non-Doppler ultrasound methods for volumetric 
flow measurement have been recently reviewed (11). 


Doppler Waveform Analysis 

Doppler waveform analysis is usually based on the follo- 
wing characteristics of the maximum frequency shift envelope 
(Fig. 2): the peak systolic value (S), end-diastolic value (D), 
and the average value over the cardiac cycle (A). These three 
parameters have been used to develop indices describing the 
pulsatility of the Doppler waveform. A Doppler index is 
calculated as a ratio and is, therefore, virtually independent of 
the angle of insonation. Of the numerous indices, the 
pulsatility index (PI) (13), the resistance index (RI) (14), 
and the S/D ratio (15) are most commonly used in obstetric 
applications. Maulik and coinvestigators used the receiver 
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Transducer 


Doppler equation 
f = 2f,Cos @v/c 


Blood vessel 


Figure 1 Graphic depiction of the principles of Doppler equation and the 
proportional relationship between the Doppler shift and the velocity of blood 
flow. Abbreviations: fi, Doppler frequency shift; f, transmitted frequency; 
fa, Doppler frequency shift; v, velocity of blood flow; O, the angle of 
insonation between the ultrasound beam and the direction of flow; c, velocity 
of flow in tissue. 


Table 1 Hemodynamic Information from Doppler 
Sonography 


Presence of normal flow in expected location 
Presence of flow in unexpected location 
Absence of flow in expected location 

Speed of blood flow 

Direction of flow 

Circulatory impedance in the arterial circulation 
Volumetric flow 

Disturbed hemodynamics, e.g., turbulent flow 


Average MFS 


Maximum frequency shift 


Time 


Figure 2 Doppler indices estimated from the maximum frequency shift 
(MES) envelope. Abbreviations: S, peak systolic frequency shift value of the 
envelope; D, end-diastolic frequency shift value of the envelope; A, average 
value of the envelope over one cardiac cycle, RI = (S—D)/S6; PI = (S—D)/A5; 
S/D ratio 7; D/A ratio 9. Source: From Ref. 12. 


operating characteristic (ROC) technique (Fig. 3) to investi- 
gate the comparative efficacy of the umbilical arterial 
Doppler indices for predicting adverse perinatal outcome 
and showed that the RI had the best discriminatory ability 
when compared with the S/D ratio (p<0.05), the PI 
(p< 0.001), and the D/A ratio (p< 0.05) (16). Although more 
comprehensive approaches to Doppler waveform analysis 
have been described (17,18), there is little evidence that 
these are superior to the traditional Doppler indices. The 
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hemodynamic, angiomorphologic, and pathophysiologic 
justifications for Doppler waveform analysis are discussed 
below. 


Hemodynamic Rationale of Doppler Waveform Analysis 
Doppler waveform from an arterial source represents the 
arterial velocity waveform and is configured by both the 
upstream and downstream circulatory factors. Analysis of 
the waveform should, therefore, yield information on down- 
stream impedance to flow. Obviously, this requires verifica- 
tion. Although the term “peripheral vascular resistance” has 
been traditionally used for describing opposition to flow in an 
arterial tree, it is applicable only to a steady non-pulsatile flow 
state. Opposition to flow in a pulsatile circulation is more 
accurately expressed by the concept of vascular impedance, 
which also includes the resistance. An integral component of 
this concept is the phenomenon of wave reflection in a 
vascular tree. Configuration of pressure and flow waves at a 
specific location results from the interaction of the forward 
propagating (orthograde) waves with the reflected backward 
propagating (retrograde) waves (19). The observed pressure 
waves, which are produced by the summation of orthograde 
and retrograde waves, show an “additive” effect; by contrast, 
the observed flow (or flow velocity) waves demonstrate a 
“subtractive” effect (Fig. 4). Wave reflections arise whenever 
there is a significant alteration or mismatching in vascular 
impedance in a circulation, and the arterial—arteriolar 
junctions serve as the main source of wave reflections in an 
arterial tree. Vasodilation leads to a fall and vasoconstriction to 
a rise in impedance and wave reflection. 

The hemodynamic validation studies may be grouped as 
those relating to the peripheral resistance and those involving 
the impedance. However, as mentioned above, vascular 
impedance is the appropriate descriptor of opposition to flow 
in a pulsatile circulation. This was investigated by Downing 
and coworkers in a chronic lamb model and it was observed 
that a significant correlation exists between the PI and the 
impedance parameters, provided the reflex heart rate changes 
are suppressed. Evidently, the Doppler indices reflect changes 
in the downstream impedance (21). The greater the fetopla- 
cental vascular impedance, the lower the end-diastolic flow in 
the UA and the higher the indices. A more comprehensive 
review of the hemodynamic interpretation of Doppler wave- 
forms from an arterial system is available elsewhere (22). 


Angiomorphologic Validation of the Doppler Indices 
Several investigators have demonstrated that abnormal fetal 
placental angiogenesis is characterized by sparse, elongated, 
uncoiled, and less ramified terminal capillary loops as the 
major lesions in growth-restricted pregnancies with abnormal 
umbilical arterial Doppler (23,24). These observations suggest 
that aberrant fetoplacental angiogenesis results in an increase 
in impedance, which is associated with enhanced pressure and 
flow velocity wave reflections. The reflected flow velocity 
waves propagate retrogradely and change the shape of arterial 
flow velocity waves, which show decreased end-diastolic flow 
and increased pulsatility. Doppler insonation of the appro- 
priate arterial tree identifies this circulatory phenomenon by 
demonstrating abnormal Doppler waveforms and indices. 


True positive rate 


T T T T T 
0 0.2 0.4 0.6 0.8 1 


False positive rate 


Figure 3 Receiver operating characteristic curves of umbilical arterial Doppler 
indices. Data points are the measured values of indices. Note that the 
resistance index shows the most and the pulsatility index shows the least 
diagnostic efficacy. RI;, S:D;, D:A;, PI. Source: From Ref. 12. 
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Figure 4 The influence of pulse wave reflections on ascending aortic pressure (P) 
and flow (Q) waveforms. Incident or forward (f) and backward or reflected 
(r) pressure and flow waves are summed to yield measured (m) pressure and 
flow waveforms. The forward pressure and flow waves are identical and so 
are the reflected waves except that the reflected wave form is inverted with 
impact to the reflected pressure wave. Source: From Ref. 20. 


Pathophysiologic Rationale for Doppler Fetal Surveillance 
Antepartum challenge to fetal well-being may arise from 
chronic nutritive and respiratory deprivation. A spectrum of 
obstetric complications, including fetal growth restriction 
(FGR) and hypertension, may expose the fetus to such risks. 
Although an immense amount of information is available on 
acute and subacute fetal respiratory deficit, the pathophysio- 
logic mechanism of chronic fetal stress has been less clear. 
However, significant advances have been made recently 
providing considerable insight into the mechanisms of fetal 
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Sequence of Fetal Response to Stress | 


Sequence may vary according to the etiology and progression 


Stress 


Chronic respiratory and nutritive insufficiency 


T 
Progressive decompensation 


Loss of fetal movement 


Persistent late decelarations 
Agonal Pattern 


v 
Death 


Primary adaptive response 
Decreased fetal growth rate 


, Secondary adaptive response 
Fetal energy conservation 
Decreased fetal movement 
Decreased fetal heart rate reactivity 
Circulatory redistribution 
Falling cerebral flow impedance 
Rising umbilical and aortic impedance 


Fetal growth preferred over placental growth 
Increased efficiency of placental exchange 
Polycythemia 


Greater 0, carrying capacity 


Hypoxia——> respiratory acidosis ——» metabolic acidosis 
High impedance in fetoplacental and systemic circulation 


Absent end diastolic flow in umbilical arteries 
Declining amniotic fluid volume ——> _ oligohydramnios 


Loss of fetal heart rate reactivity and variability 


Figure 5 Summary of fetal sequential response to progressive stress. Note that the depicted sequence is an approximation and the actual course may vary 
depending on the characteristics of the chronic deprivation and the individual fetal ability to cope. Source: From Ref. 25. 


compensation and decompensation. There is emerging 
evidence that, encountering sustained stress, the fetus appears 
to mobilize a spectrum of defensive responses that include 
preferential preservation of fetal growth over placental growth, 
changes in fetal movement pattern, and the eventual 
deceleration of the fetal growth rate (Fig. 5). 

In the face of continuing deprivation, compensation gives 
way to decompensation. For example, growth-restricted 
human fetuses with abnormal UA waveforms have been 
shown to develop chronic hypoxia and acidosis. A critical 
component of fetal homeostatic response involves flow 
redistribution that favors perfusion of the vital organs (the 
brain, heart, and adrenals) at the expense of flow to muscle, 
viscera, skin, and other less critical tissues and organs (26). 
Underlying this phenomenon are the diverse changes in blood 
flow impedance in fetal regional circulations. Doppler 
velocimetry thus elucidates these circulatory changes asso- 
ciated with fetal compromise and allows perinatal prognos- 
tication. This constitutes the rationale for using Doppler 
ultrasound for fetal surveillance in complicated pregnancies. 


DOPPLER VELOCIMETRY OF THE UA 

Normative Data 

The UA was the first fetal vessel to be evaluated by Doppler 
velocimetry and has since become the most widely investigated 
fetal circulation. Typically, Doppler interrogation of the 
umbilical arterial circulation is performed during fetal apnea 


(see below). In our experience, the inter- and intra-observer 
variances of the S:D ratio and the RI, as determined by 
continuous-wave Doppler, were 9.8% and 11.1%, and 4% and 
8%, respectively (27). In normal pregnancy, the umbilical 
arterial Doppler indices are affected by gestational age, FHR, 
fetal breathing, and the site of measurement in the cord. 


Gestational Age 

As pregnancy advances, umbilical arterial Doppler waveforms 
show a progressive rise in the end-diastolic velocity, which 
results in a concomitant fall in the pulsatility (Fig. 6). This 
trend is consistent with a gradual decline in the fetoplacental 
flow impedance with the advancing gestation (29). The 
Doppler indices reflect these changes in the waveform (Fig. 7). 


FHR 

A statistically significant effect of the heart rate on Doppler 
indices has been reported by a number of investigators (31). It 
has been shown that changes in the heart rate occur primarily 
due to alterations in the duration of the diastolic component of 
the cardiac cycle (32) and that the effect of the FHR may 
contribute to 15% to 18% of the variance of the Doppler 
indices (27). However, it is not certain that correcting the 
Doppler indices for FHR changes would improve the 
diagnostic efficacy of the indices and may not be clinically 
significant so long as the heart rate remains within the normal 
range. 
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Figure 6 Gestational age effect on the umbilical arterial Doppler frequency 
shift waveforms. Panels are organized from the top to the bottom according 
to advancing gestation. Abbreviations: A, waveforms at 16 weeks; B, at 
20 weeks; C, at 24 weeks; D, at 28 weeks; E, at 32 weeks; F, at 36 weeks; G, at 
40 weeks. Note the progressive increase in the end-diastolic velocity and the 
concomitant fall in the pulsatility as gestation advances. Source: From Ref. 28. 
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Figure 7 Variation in the umbilical arterial resistance index (RI) at different 
stages of gestation. Source: From Ref. 30. 


Fetal Breathing 

Substantial changes in the intrathoracic pressure and central 
hemodynamics occur during fetal breathing, which produce 
dynamic variability in the umbilical arterial Doppler waveform 
and, therefore, in the Doppler indices. This severely compro- 
mises the utility of the Doppler indices during fetal breathing 
and provides the rationale for measuring the indices only 
during fetal apnea. However, the indices do not appear to be 
affected by fetal behavioral states (33). 


Site of Doppler Interrogation 

The location of the Doppler sampling site in the umbilical cord 
affects the Doppler waveform and therefore the Doppler 
indices, which are higher at the fetal than at the placental end 
of the cord (27). 


Umbilical Arterial Doppler in FGR 

FGR is associated with defective development of placental 
vascular systems. FGR and pre-eclampsia are associated with 
aberrant angiogenesis of fetoplacental arterial system. The 
efficacy of UA Doppler indices for detecting suboptimal 
fetal growth has shown to be variable and has been reviewed 
(Table 2) (34). This may be partly explained by the considerable 
amount of ambiguity that surrounds the use of the terms 
“FGR” and “small for gestational age (SGA).” It is well 
recognized that neither all growth-restricted fetuses are SGA, 
nor are all SGA infants growth compromised. Furthermore, 
being SGA does not necessarily mean a compromised outcome. 
It is apparent that not all FGR or SGA fetuses may suffer from in 
utero compromise in terms of asphyxia, which correlates better 
with absent end-diastolic velocity (AEDV) in the UA than with 
subnormal fetal abdominal circumference (<5th percentile) as 
measured by ultrasound (35). This issue, however, is apparently 
controversial and is further discussed in the next section. With 
regard to the various sonographic modalities for diagnosing 
FGR, the majority of studies have demonstrated that conven- 
tional fetal ultrasound biometry is more sensitive than umbilical 
arterial Doppler velocimetry (36). This should not be surprising 
as fetal size is expected to be better expressed by sonographic 
measurement of fetal dimensions than by Doppler velocimetry, 
which assesses the hemodynamic state; unless the latter is 
compromised, the Doppler indices will not change. 


Umbilical Arterial Doppler Velocimetry and Antepartum 
Fetal Hypoxia—Asphyxia 
The purpose of fetal surveillance is to detect fetal compromise 
from intrauterine hypoxia and asphyxia. Fetal homeostatic 
response to hypoxic and asphyxial challenge has been well 
described in animals (37). A central manifestation of this 
response is the flow redistribution that favors perfusion of the 
vital organs (the brain, the heart, and the adrenals) at the 
expense of less critical organs and tissues. This compensatory 
phenomenon provided the justification for investigating the 
efficacy of the Doppler velocimetry in identifying fetal hypoxia 
and asphyxia. Both clinical and animal experimental studies 
have been reported to address this issue. 

Further insight may be obtained from experimental studies 
conducted in animal models. Many of the relevant findings in 
this area have been reviewed (38). It has been noted that in the 
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aorta of the fetal lamb, significant changes in the Doppler 
waveform occur only when the oxygen saturation declines to 
10% to 15% or the fetal pH drops to <7.15 (39). Apparently, in 
an ovine fetus, hypoxia and acidosis may significantly affect 
umbilical and aortic velocity waveforms but only as a late 
phenomenon. 

The association between the Doppler findings and fetal 
blood gases has been clinically investigated (35,40-47). These 
have been reviewed and are summarized in Table 3. Some 
investigators performed umbilical cord blood sampling at the 
time of elective cesarean section. Obviously, these studies are 
limited because blood gases measured in this manner may not 
reflect fetal acid—base status in utero. Others determined fetal 
blood gases by cordocentesis. Most studies used Doppler 
assessment of the UA, whereas one used aortic mean velocity 
and another added aortic and carotid Doppler assessment. All 
studies measured pH, most performed PO,, and some also 
measured PCO, and lactate. Most investigators found a 
significant association between Doppler assessment of fetal 
circulation and fetal acid-base compromise. The response of 
fetal cerebral Doppler waveform presents another perspective 
on fetal hypoxia and acidosis. This is discussed later in the 
section dealing with fetal cerebral circulation. 


Umbilical Arterial Doppler Velocimetry and Adverse 
Perinatal Outcome 

The discriminatory efficacy of Doppler velocimetry for 
predicting perinatal outcome is briefly discussed in this 
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section. A fetal surveillance test may be used either as a 
diagnostic test for identifying the fetal compromise in high- 
risk pregnancies or as a screening test in a general obstetric 
population at low risk for fetal compromise. Both are 
presented below. In evaluating this information, we need to 
recognize the imprecision inherent in the available criteria for 
defining adverse perinatal outcome. 


High-Risk Pregnancies 

Several preliminary studies indicated that the Doppler indices 
might be powerful predictors of adverse perinatal outcome in 
complicated pregnancies. The diagnostic efficacy of umbilical 
arterial A/B (systolic, diastolic) ratio was investigated by 
Trudinger and coworkers in 170 high-risk patients (48). The 
parameters of fetal compromise included birth weight below 
the 10th percentile or an Apgar score of <7 at 5 minutes. The 
FHR was assessed in terms of reactivity and a modified Fischer 
score. The Doppler results revealed a sensitivity of 60%, a 
specificity of 85%, and a positive predictive value of 64%. For 
the FHR reactivity, the corresponding results were 17%, 97%, 
and 69%, respectively. The values for the Fischer score results 
were 36%, 88%, and 58%, respectively. In this study, the 
umbilical arterial S/D ratio appeared to be more sensitive but 
less specific than the electronic FHR monitoring techniques. 
Farmakides and others investigated the diagnostic efficacy of 
the nonstress test (NST) and of the umbilical arterial S/D ratio 
in 140 pregnancies (49). The measures of outcome included 
FGR, fetal distress, cesarean section for fetal distress, and 


Table 2 Diagnostic Efficacy of Umbilical Arterial Doppler in Intrauterine Growth Retardation 


Investigators Doppler index Prevalence rate (%) 
Fleischer et al. (1985) S DESO 16.8 
Arduini et al. (1987) PI >1SD 30.7 
Berkowitz et al. (1988) S:D >3.0 25 

Divon et al. (1988) S:D >3.0 35.4 
Gaziano et al. (1988) S:D >4.0 9.4 

Ott (1990) S DESO 10.4 
Maulik et al. (1990) S:D >2.9 12.3 
Lowery et al. (1990) S:D >4.0 22.6 


Abbreviations: S:D ratio, systolic/diastolic ratio; PI, pulsatility index. 


Positive predictive 


Source: From Ref. 34. 


Table 3 Association Between Fetal Doppler Results and Fetal Blood Gases 


Author Patient Patient risk Cord blood 
(reference) population category sampling 
Soothill (39) 29 SGA Cordocentesis 
Nicolaides (40) 59 SGA Cordocentesis 
Ferrazzi (41) 14 High risk Cesarean section 
Tyrell (42) 112 Unselected Cesarean section 
Bilardo (43) 51 SGA, AGA Cordocentesis 
Vintzileos (44) 62 High risk Cesarean section 
Yoon (45) 105 Unselected Cesarean section 
Pardi (46) 2il SGA Cordocentesis 
Yoon (47) 24 High risk Cordocentesis 


Sensitivity (%) Specificity (%) value (%) 

78 83 49 

60.8 73 50 

55 92 W3) 

49 94 81 

79 66 79 

59 84 29 

WD 71 27 

65 66 24 

Acid-base Association 
Doppler assessment parameters correlation 
Aortic MV pH, PO2, PCO, Present 
Umbilical arterial AEDV pH, PO, Present 
Umbilical arterial PI pH, PCO, lactate Present 
Umbilical arterial AEDV pH, PO, Present 
Umbilical arterial, aortic, pH, PO, Present 
carotid PI, RI, MV 

Umbilical arterial S:D pH Absent 
Umbilical arterial PI pH, PO:, PCO, Present 
Umbilical arterial PI lactate pH, ROS PCO, Present 
Umbilical arterial PI pH, PO,, PCO, Present 


Abbreviations: SGA, small for gestational age; AGA, appropriate for gestational age; AEDV, absent end-diastolic velocity; MV, mean velocity; PI, pulsatility 


index; RI, resistance index; S:D, systolic diastolic ratio. Source: From Ref. 1. 
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admission to the neonatal intensive care unit. Fetuses with 
a normal NST but abnormal S/D ratio had an outcome worse 
than those with an abnormal NST and a normal S/D ratio; 
however, those with both tests abnormal experienced the 
worst outcome. 

Maulik and coworkers studied the diagnostic efficacy of the 
umbilical arterial S/D ratio for predicting adverse perinatal 
outcome in 350 high-risk pregnant patients utilizing the ROC 
technique and other traditional parameters of testing a test 
(50). The latter included sensitivity, specificity, and the 
predictive values. The kappa index was used to investigate 
the degree of agreement between the test and the outcome. 
The abnormal outcome parameters included SGA (<10th 
percentile), Apgar score at 5 minutes >7, fetal distress (late and 
severe variable decelerations, absent variability, fetal scalp pH 
<7.20), umbilical cord arterial pH <7.20, presence of thick 
meconium, and admission to neonatal intensive care unit for 
more than 48 hours. The study indicated that the ratio 
predicted the general adverse perinatal outcomes well; 
however, the diagnostic efficacy was better when the SGA 
infants were excluded (Table 4). 


Low-Risk Pregnancies 

Although the above findings are very encouraging, there are a 
few recent reports that demonstrate the inadequate efficacy of 
Doppler velocimetry of the UA as a screening test in a general 
obstetric population at a low risk for adverse perinatal 
outcome. In a large prospective study involving 2097 singleton 
pregnancies, Beattie and Dornan evaluated the capability of 
umbilical arterial Doppler indices (PI, A/B ratio, RI) to detect 
FGR and perinatal compromise (52). It was noted that the 
indices did not adequately predict any of the parameters of 
adverse perinatal outcome. The suboptimal efficacy of 
umbilical Doppler insonation in a low-risk population has 
been corroborated by others (53). Beattie and associates (54) 
performed Bayesian analysis of the above four studies to 
determine the posttest probability of an abnormal outcome for 
an individual patient. The posttest probabilities of an adverse 


outcome was determined for an individual in terms of positive 
and negative likelihood ratios and are summarized in Table 5. 
It is evident that umbilical arterial Doppler velocimetry is of 
limited utility in a low-risk obstetric population. Clinical 
effectiveness of UA Doppler as a screening test in low-risk 
pregnancies is discussed later. 


Significance of AEDV in the UA 

Absence or reversal of end-diastolic flow velocity (Fig. 8) is 
associated with markedly adverse perinatal outcome including 
a high perinatal mortality rate with a higher prevalence of 
chromosomal abnormalities (especially trisomy 13, 18, and 
21) and congenital anomalies. In the European multicenter 
study involving 245 cases with absent or reversed end-diastolic 
flow, the perinatal mortality was 28% and 96% to 98% of the 
infants required intensive care (55). In a review of 1126 cases of 
absent and reverse end-diastolic flow in the UA reported in the 
literature, it was observed that 170 per 1000 were stillborn and 
280 per 1000 died during the neonatal period (Table 6) (56). 
Most deaths were due to obstetric complications such as 
growth restriction, prematurity, fetal anomalies, and aneu- 
ploidy. The perinatal mortality corrected for congenital 
malformations and chromosomal abnormalities was approxi- 
mately 340 per 1000 births. This group demonstrates a high 
risk of chromosomal abnormalities with a predominance of 
trisomy 13, 18, and 21. There is also a high association between 
absent end-diastolic flow and a variety of congenital anomalies 
(Table 7). The frequency of absent end-diastolic flow is 
approximately 2% in well-defined high-risk pregnancies and 
may be as low as 0.3% in a general obstetric population. 

In a prospective study involving pregnancies with FGR, 
Baschat and associates (58) investigated the relationship 
between fetal Doppler (UA, middle cerebral artery, and ductus 
venosus), biophysical profile score (BPP), and neurodevelop- 
mental outcome at 2 years of age. Of the various fetal tests, 
only the UA reverse end-diastolic flow independently pre- 
dicted poor neurodevelopment. 


Table 4 Diagnostic Efficacy of Systolic/Diastolic Ratio Cutoff Point of 3.0 to Predict the Various Abnormal Outcomes 


Positive Negative Kappa 
Category Sensitivity Specificity predictive value predictive value index 
General abnormal outcome 0.79 0.93 0.83 0.91 0.73 
SGA only 0.75 0.77 O32 0.95 0.33 
Fetal distress, Apgar, pH, NICU 0.86 0.88 0.68 0.96 0.69 
Fetal distress, Apgar, pH, NICU, 0.82 0.92 0.81 0.92 0.74 


and meconium 


Abbreviations: NICU, neonatal intensive care unit admission; SGA, small for gestational age. 


Source: From Ref. 51. 


Table 5 Posttest Probability of an Adverse Outcome and Umbilical Arterial Doppler in Low-Risk Pregnancies: a Summary of 


Four Studies 


Outcome 


Small for gestational age (birth weight <10th centile) 


Positive Negative 
likelihood ratio likelihood ratio 
+1.1 to +4.2 S03 t@ S140) 
PIO RO Sr Sell S09) o =e 


Adverse perinatal outcome (Apgar <7 at 1min, umbilical arterial pH <7.2, J 


operative delivery for fetal distress, abnormal fetal heart rate) 


Source: From Ref. 54. 
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Truman medical center C5-1/0 


Doppler 
sampling 
ES site 


Umbilical artery doppler 
Reverse end diastolic flow 


Figure 8 Doppler sonography depicting reverse end-diastolic flow in the 
umbilical artery (vertical arrows). The upper panel shows the two- 
dimensional image of the umbilical artery and the directed placement of 
the Doppler sample volume. Color flow in the cord is shown in gray scale. 


Table 6 Absent and Reverse End-Diastolic Frequency in the 
Umbilical Artery and Adverse Perinatal Outcome 


Perinatal outcome Mean Range 
Perinatal mortality 45% 17—100% 
Gestational age 31.6 weeks 29-33 weeks 
Birth weight 1056g 910-1481 g 
Small for gestational age 68% 53—100% 
Cesarean section for fetal distress 73% 24—100% 
Apgar score at 5min <7 26% 7-69% 
Admission to neonatal intensive 84% 77-97% 
care unit 
Congenital anomalies 10% 0-24% 
Aneuploidy 6.4% 0-18% 


Source: From Ref. 34. 


It has been observed that absent end-diastolic flow may 
improve, although often only transiently, and that weeks or 
more may elapse before the fetus may show additional 
evidence of compromise especially in preterm pregnancies. 
Thus, this finding is not necessarily an immediate indication 
for delivery in pregnancies before 34 weeks if fetal surveillance 
tests, such as the NST or biophysical profile, are reassuring (see 
“Guidelines for clinical practice” below). 


OTHER FETAL SURVEILLANCE TESTS 

Doppler sonography of ductus venosus, middle cerebral 
artery, and uterine artery has shown significant screening or 
diagnostic efficacy in high-risk pregnancies. However, their 
clinical effectiveness has not been adequately demonstrated by 
randomized trials. Ductus venosus Doppler does provide an 
additional tool for assessing serious fetal compromise (59). 
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Table 7 Absent End-Diastolic Velocity and Congenital 
Malformations 


Cardiovascular system 
Ventricular septal defects 
Hypoplastic left heart syndrome 
Double-outlet right ventricle 
Ebstein anomaly 
Arrhythmia—congenital heart block 
Central nervous system 
Hydrocephaly 
Holoprosencephaly 
Agenesis of corpus callosum 
Urogenital system 
Renal agenesis 
Hydronephrosis 
Gastrointestinal system/abdominal wall 
Esophageal atresia 
Omphalocele 
Gastroschisis 
Skeletal system 
Polydactyly 
Dysplasia 


Source: From Ref. 57. 


The effectiveness of ductus venosus Doppler is under 
investigation at present in a multicenter randomized trial 
known as “Trial of Umbilical and Fetal Flow in Europe” 
(TRUFFLE), which is in the process of completion (60). 

Current standard of practice for fetal monitoring includes 
antepartum FHR monitoring and fetal biophysical profile 
(BPP) or its modifications. The most common FHR monitor- 
ing technique is NST. The five-parameter BPP remains the 
main approach; however, modifications of this test have been 
proposed. Although diagnostic efficacy of NST and BPP has 
been demonstrated over the decades, there is insufficient 
evidence for their effectiveness in improving the outcome 
(61,62). Their usefulness has been shown in clinical experience 
and they remain an essential part of the standard of practice in 
fetal surveillance. 

It may be more prudent to use multiple tests of fetal well- 
being in high-risk pregnancies. Fetal response to chronic stress 
progresses from compensation to decompensation and 
involves multiple systems. However, there is no consensus in 
clinical practice at present regarding the optimal choice or 
sequence of fetal testing. 


CLINICAL EFFECTIVENESS OF DOPPLER 
VELOCIMETRY FOR FETAL SURVEILLANCE 
Randomized Trials 
Introduction of a new diagnostic test involves sequential and 
often parallel developmental processes that transform the 
potential of a new technique into an effective diagnostic tool 
making a measurable improvement in the outcome. The steps 
include the demonstration of feasibility, association with 
disease processes, and diagnostic efficacy of the technique, but 
in the end it must be shown without bias that the technique 
improves the clinical outcome. This level of effectiveness can 
be demonstrated only by RCTs. 

It is encouraging that at the time of the writing of this 
revised chapter, 20 RCTs on fetal Doppler ultrasound have 
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Table 8 Published Randomized Trials of Umbilical Artery Doppler Ultrasound in High-Risk, Low-Risk, and Unselected 


Populations 
Population Doppler Doppler in Better 
Reference (risk category) index controls outcome 
Trudinger et al. (1987). Lancet 1:188 300 (High risk) UA S/D Concealed Yes 
Tyrrell et al. (1990). Br J Obstet Gynaecol 97:909 500 (High risk) UA S/D Selective Yes 
Ut S/D 
Hofmeyr et al. (1991). Obstet Gynecol 78:359 897 (High risk) UA S/D Selective No 
Newnham et al. (1991). Br J Obstet Gynaecol 98:956 505 (High risk) UA S/D Concealed No 
Ut S/D 
Alstrom et al. (1992). Lancet 340:936 426 (High risk) UA BFC No Doppler Yes 
Davies et al. (1992). Lancet 340:1299 2475 (Unselected) UA S/D No Doppler No 
Ut S/D 
Mason et al. (1993). Br J Obstet Gynaecol 100:130 2025 (Unselected) UA S/D No Doppler No 
Johnstone et al. (1993). Br J Obstet Gynaecol 2289 (High risk) UA RI No Doppler No 
100:733 
Newnham et al. (1993). Lancet 342-887 2834 (Unselected) UA S/D Selective No 
Ut S/D 
Omtzigt et al. (1994). Am J Obstet Gynecol 170:625 1598 (Unselected) UA S/D No Doppler Yes 
Pattinson et al. (1994). Br J Obstet Gynaecol 101:114 212 (High risk) UA S/D Concealed Yes 
Whittle et al. (1994). Am J Obstet Gynecol 170:555 2986 (Unselected) UA S/D Concealed Yes 
Nienhuis et al. (1997). Ultrasound Obstet Gynecol 150 (High risk) UA PI Concealed No 
9:6 
Doppler French Study Group (1997). Br J Obstet 4187 (Low risk) UA RI No Doppler No 
Gynaecol 104:419 
Haley et al. (1997). Br J Obstet Gynaecol 104:431 150 (High risk) UA S/D No Doppler No 
Ott et al. G (1998). Am J Obstet Gynecol 178:1346 665 (High risk) UA S/D / 11% UA S/D Yes 
MCA S/D 
McCowan et al. (2000). Am J Obstet Gynecol 182:81 167 (High risk) UA RI MCA RI No 
Ut A RI 
Williams et al. (2003). Am J Obstet Gynecol 1340 (High risk) UA S/D No Yes 
188:1366 
The GRIT Study Group. (2003). Br J Obstet 547 (High risk) UA EDV Posttest No 
Gynaecol 110:27 randomization 
Giles et al. (2003). Br J Obstet Gynaecol 110:593 526 (Twins) UA S/D No Doppler No 


Abbreviations: BFC, blood flow classes; EDV, end-diastolic flow velocity; MCA, middle cerebral artery; PI, pulsatility index; RI, resistance index; S/D, 
systolic/diastolic ratio; UA, umbilical artery; Ut, uterine artery. Source: From Ref. 64. 


been published involving a total population of almost 25,000 
women. A detailed review of these studies is available 
elsewhere (63) and summarized in Table 8. Additional trials 
were reported only in the abstract form or as presentations. As 
noted before, the multicenter randomized trial TRUFFLE 
study has completed the enrollment and is awaiting further 
analysis and eventual publication. 

It is noteworthy that most trials performed in high-risk 
populations showed improved outcome. As observed pre- 
viously, fetal Doppler ultrasound is the only fetal surveillance 
modality that is supported by this level of evidence of 
effectiveness. All the RCT studies evaluated umbilical arterial 
velocimetry; a few also used uterine arterial velocimetry. 
While most were conducted in high-risk patients, many were 
used in low-risk mothers. Considerable heterogeneity exists 
among the trials regarding the selection criteria, the study 
design, and the measures of pregnancy outcome. Most studies 
did not have any protocol of management based on the test 
results. Finally, none of the studies had adequate sample size 
and therefore lacked sufficient power. Depending on the 
choice of the outcome parameter and the effect size, it will 
probably require thousands of patients involving multiple 
centers to conduct such a study. It would be a tremendous 


challenge to organize and obtain sufficient resources for a trial 
of this magnitude. 

Several meta-analyses or systemic reviews of the Doppler 
trials have been conducted and are briefly summarized below. 


Meta-analysis of Doppler Trials 
Alfirevic and Neilson conducted a systematic review of 12 
studies selected out of 20 identified studies and observed a 38% 
decline in the odds of perinatal mortality, which was significant 
(95% CI 15-55%) (65). Additional benefits of the Doppler usage 
included significant reductions in antenatal admissions, induc- 
tions of labor, and cesarean sections for fetal distress. Maulik 
briefly reported a meta-analysis that looked only at trials 
involving high-risk pregnancies where there were guidelines for 
the use of Doppler data in the clinical management (66). Only 
three studies were identified with a total of 1575 patients. An 
average of 80% reduction in fetal deaths without malfor- 
mations was noted (odds ratio 0.19, 95% CI 0.06—0.63). 
Westergaard and associates reported a meta-analysis that 
included only well-defined high-risk pregnancies complicated 
with FGR or hypertension. Of the 13 trials of Doppler in high- 
risk pregnancies, only six had defined FGR and/pregnancy 
hypertension as indications for surveillance. The analysis 
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showed that in the well-defined trials, there were significantly 
higher preventable perinatal deaths in the study than that in 
the control group (50% and 20% respectively) (67). 

The most recent Cochrane review (68) included 18 
completed trials encompassing over 10,000 patients. The 
review demonstrated a 29% decrease in perinatal mortality, 
which was significant with a risk ratio (RR) of 0.71 and a 95% 
CI of 0.53 to 0.98. This meant that 203 women needed to be 
treated for preventing one perinatal death. There were also less 
impressive but significant decreases in inductions of labor (RR 
0.89, 95% CI 0.80—0.99) and cesarean deliveries (RR 0.90, 95% 
CI 0.84-0.97). No significant effects were noted in operative 
vaginal deliveries or Apgar scores <7 at 5 minutes. 

In conclusion, most randomized trials of UA Doppler in 
high-risk pregnancies and their meta-analysis demonstrated a 
clinically and statistically significant improvement in the 
perinatal mortality. This constituted a level I evidence of 
effectiveness and that makes it unique among the other fetal 
surveillance tests. 


Low-Risk Pregnancies 

In contrast to high-risk pregnancies, trials of UA Doppler as a 
screening test in low-risk pregnancies did not show any 
improvement in pregnancy outcome. For example, a multi- 
center French randomized trial involving 4187 low-risk 
pregnant mothers failed to observe any improvements in the 
outcome with routine UA Doppler sonography between 28 
and 34 weeks of gestation (69). Goffinet and coworkers 
conducted a systematic review of four trials selected out of 
seven studies and found no impact of UA Doppler on perinatal 
mortality in 11,451 low-risk pregnant mothers (odds ratio 
0.51, 95% CI 0.20-1.29) (70). The Cochrane review of the 
topic in 2007 that included five trials with a total population of 
14,338 women found no benefits of routine Doppler 
sonography in pregnancy (71). Moreover, the possibility of 
adverse outcome as suggested in two studies needs further 
investigation. In conclusion, routine Doppler ultrasound in 
low-risk pregnancies should be discouraged in clinical practice 
unless it is conducted under an approved experimental 
protocol. 


Fetal Doppler in Multiple Pregnancy 
The efficacy of Doppler velocimetry for identifying twin 
growth restriction has been variable with the sensitivity ranging 
from 29% to 82% (72). Fetal biometry remains the standard 
for the diagnosis of discordant twins. However, significant 
efficacy in predicting adverse perinatal outcome has been 
reported. Gaziano and associates (73) observed, in 94 twin 
pairs and 7 sets of triplets, that an abnormal pulsed Doppler 
velocimetry showed high correlation with adverse pregnancy 
events and that those with abnormal Doppler findings tended 
to be born 3 to 4 weeks earlier and to exhibit a greater number 
of stillbirths, malformations, and greater morbidity. Giles and 
coworkers (74) have suggested that the incorporation of the 
Doppler technique in the clinical management of twins may 
improve the perinatal outcome. A decline in corrected 
perinatal deaths from 42.1 in 1000 to 8.9 in 1000 was noted 
in their study. However, this was not a randomized trial. 

A prospective randomized controlled multicenter trial of 
women with twin pregnancies was conducted that demonstrated 
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no improvement in the perinatal mortality with the addition of 
UA Doppler to the standard management (75). The perinatal 
mortality was 9/1000 live births in the Doppler group 
and 11/1000 live births in the control group. The study however 
was underpowered with a total of 526 women. The study did 
demonstrate that close monitoring in twin gestation is associated 
with a lower-than-expected fetal mortality in both the control 
and the Doppler groups. 

Quintero and coworkers showed the prognostic value of 
Doppler of the UA, umbilical vein, and ductus venosus along 
with other ultrasound findings that constitute the staging of 
twin transfusion syndrome (76). The staging was proposed for 
individualizing the treatment options, especially the laser 
ablation procedure, and has become widely accepted in 
managing this complication. 

In conclusion, fetal Doppler may be beneficial in managing 
multifetal gestations complicated with twin growth discor- 
dancy and those with twin transfusion syndrome. A 
comprehensive and relatively current review of the Doppler 
in multiple gestation is available elsewhere (72). 


GUIDELINE FOR THE CLINICAL APPLICATION OF THE 
DOPPLER FETAL SURVEILLANCE 

Based upon the above evidence of clinical efficacy of umbilical 
arterial Doppler indices, the following practical recommenda- 
tions for its usage in managing high-risk pregnancy are 
suggested. These guidelines incorporate the existing modalities 
of fetal surveillance although some investigators advise the use 
of Doppler as the exclusive primary tool for fetal surveillance. 
Such a recommendation may not be pragmatic and patho- 
physiologic evidence suggests a more comprehensive approach 
for fetal surveillance. 


Indications for Doppler Fetal Surveillance 

Common indications for performing Doppler surveillance of 
the fetus at risk for chronic nutritive and respiratory stress are 
listed in Table 9 and are discussed below. 

A variety of pregnancy complications such as FGR and pre- 
eclampsia can cause fetal stress. As discussed above, rando- 
mized trials have shown significant improvement in the rate of 
perinatal mortality in pregnancies complicated with clearly 


Table 9 Indications for Umbilical Arterial Doppler 
Velocimetry 


Primary indications 
Fetal growth restriction by ultrasound fetal biometry (estimated 
fetal weight <10th centile) 
Pre-eclampsia 
Primary 
Superimposed 
Multiple gestation 
Discordancy 
Fetal growth restriction 
Twin transfusion syndrome 
Extended indications 
Autoimmune vascular disease: SLE, APL syndrome 
Pregestational diabetes: 2 class C or vasculopathy 
Sickle cell disease 


Abbreviations: SLE, systemic lupus erythematosus; APL, antiphospholipid. 
Source: From Ref. 77. 


UMBILICAL ARTERY DOPPLER SONOGRAPHY FOR FETAL SURVEILLANCE 


defined FGR and hypertension. Although umbilical arterial 
Doppler has been recommended in the past for prenatal 
diagnosis of FGR, sonographic biometry is a better predictor of 
fetal size. Although the indices may be helpful in distinguish- 
ing a growth-restricted fetus from a constitutionally SGA fetus, 
there is a dearth of evidence guiding how this should be 
translated into a clinical management policy. 

UA Doppler is helpful in recognizing fetal compromise in 
multiple pregnancies, particularly in those with discordant 
growth and twin transfusion syndrome. Current recommen- 
dations include the use of UA and ductus venosus Doppler for 
classifying the severity of fetal compromise in twin transfusion 
syndrome, known as the Quintero staging system, which 
assists in guiding the management options. Doppler veloci- 
metry may also be useful in managing pregnancies affected by 
autoimmune disorders including systemic lupus erythemato- 
sus and antiphospholipid syndrome; however, its effectiveness 
is uncertain in the absence of fetal growth compromise. 
Finally, the utility of umbilical arterial Doppler in managing 
postdated pregnancies remains unproven. 


Technique of Umbilical Arterial Doppler Interrogation 

Before Doppler examination, the mother is appropriately 
counseled regarding the reason for the test, the nature of the 
information generated by the device, its reliability and safety, 
and other relevant issues. Similar to the procedure in FHR 
monitoring, the mother lies in a semirecumbent position with 
a slight lateral tilt to minimize the risk of significant caval 
compression. Examination should be conducted only during 
fetal apnea and in the absence of fetal hiccup or excessive 
movement. Doppler insonation can be performed by either a 
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continuous-wave Doppler device or a pulsed Doppler duplex 
system; the latter is preferred for the UA. 

With a pulsed-wave duplex Doppler system, an obstetric 
scan is initially performed to identify the loops of the cord 
(Fig. 9). Unlike the continuous-wave mode, the pulsed-wave 
Doppler insonation permits selection of the location in the 
umbilical cord for interrogation. Usually a free-floating loop of 
the cord is insonated. The cursor line representing the beam 
path is aligned to intersect the umbilical vessels at the selected 
location and the Doppler sample volume is placed in that 
location. The Doppler mode is then activated and the Doppler 
waveforms are recorded and analyzed. 


Management of High-Risk Pregnancy Using Doppler 
Sonography 

Principles of managing a high-risk pregnancy utilizing UA 
Doppler velocimetry in conjunction with other fetal surveil- 
lance test findings are described in this section. Management 
of high-risk pregnancies where fetal Doppler is indicated 
depends on several factors including the severity of fetal 
compromise as indicated by the Doppler and other fetal tests, 
and the underlying obstetric conditions such as pre-eclampsia, 
the gestational age, and the presence of fetal aneuploidy and 
malformations. These are further discussed below. 

(i) Initial fetal assessment should rule out malformations. 
Such screening ultrasound is now in common practice and is 
typically performed at mid-pregnancy. If indicated, fetal 
karyotype should be determined especially in early-onset 
growth restriction with absent end-diastolic flow in the UA or 
with the presence of positive ultrasound or screening 
indicators. For those with FGR, appropriate follow-up growth 
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Umbilical artery doppler waveforms 


Figure 9 Duplex Doppler interrogation of the umbilical arterial flow. The upper panel shows gray scale and color (gray scale in the figure) depiction of the 
umbilical flow. The Doppler sample volume is placed in a free loop of the umbilical cord. The lower panel shows spectral Doppler waveforms from the umbilical 
artery. Cursors demonstrate the peak systolic and the end-diastolic velocity points in the wave. The inset shows the corresponding values and the Doppler indices. 
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scan should be performed according to the prevailing standard 
of practice (usually 3—4 weeks interval). 

(ii) Fetal surveillance should be multimodal including UA 
Doppler and full or modified biophysical profile. FHR pattern 
should also be used using the traditional NST or the 
computerized cardiotocography (cCTG). The frequency of 
these should be usually once a week. Daily fetal movement 
assessment by the mother may be added to this list. Many 
would also advise the incorporation of the ductus venosus 
Doppler. 

(iii) As abnormal elevation of the umbilical arterial Doppler 
indices usually precedes ominous changes in other tests, a high 
or increasing UA Doppler index (S/D, RI, or PI) warrants 
more intense fetal surveillance, which consists of biweekly 
umbilical Doppler, and FHR monitoring (NST or cCTG) or 
the BPP. There is considerable variability in the choice, 
frequency, and sequence of these tests. As the fetal compro- 
mise involves multiple systems, it is more prudent to use a 
combination of tests rather than sequence of single tests. 

If these tests are assuring, fetal surveillance should continue 
unless intervention is indicated because of other complica- 
tions. On the other hand, if these tests are ominous, delivery 
should be planned. 

(iv) The development of AEDV in the UA indicates more 
urgent action as it is associated with an unusually adverse 
perinatal outcome. 

Preterm pregnancies: In preterm pregnancies greater than 
28 weeks but less than 34 weeks of gestation, when the risk 
of fetal lung immaturity is high, the management is 
conservative and further assurance of fetal well-being 
should be sought from daily surveillance by the UA Doppler 
and other fetal tests. Steroids should be administered for 
enhancing fetal lung maturity. 

Delivery is recommended in the presence of ominous 
signs that include the reversal of UA end-diastolic flow by 
Doppler, non-reassuring FHR patterns (nonreactive NST, 
poor FHR baseline variability by NST or cCTG, persistent 
late decelerations), oligohydramnios, BPP score <4, and 
reversal or absence of the “a” wave of the ductus venosus 
Doppler. In many tertiary perinatal centers with the 
availability of advanced neonatal care, the threshold may 
be lowered to 32 weeks. A more conservative approach is 
advised in pregnancies less than 32 weeks. 

There is controversy regarding conservative management 
versus immediate delivery in very preterm pregnancies. The 
growth restriction intervention trial project attempted to 
address this issue in a multicenter trial but failed to 
demonstrate any difference between immediate and delayed 
delivery groups (78). A follow-up study investigating the 
long-term outcome at 2 years showed a trend toward a 
higher rate of disability with immediate intervention but no 
differences in the median Griffiths test (79). 

If the gestational age is less than 28 weeks, the management 
remains challenging. The validity of NST and BPP at this 
stage of gestation is not well established. Doppler of ductus 
may provide additional useful information, but there is no 
evidence of its effectiveness in this gestational group. 

Term and near-term pregnancy: The development of AEDV 

should prompt consideration of delivery when fetal lung 

maturity is anticipated or proven. Although the prudence of 
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emergency delivery for this complication has been ques- 
tioned, RCTs and their meta-analyses have shown improved 
outcome from obstetric interventions based on UA 
Doppler. It is recommended therefore that the mother 
should be delivered when this complication develops in a 
pregnancy at or near term (>34 weeks) when continuation 
of the pregnancy presents a greater threat to fetal safety and 
well-being. 

Management of delivery: Standard guideline for intrapartum 
maternal and fetal monitoring in high-risk pregnancies 
should be followed. There is a higher risk of developing 
intrauterine asphyxia in fetuses with FGR or other 
associated complications arising from placental insuffi- 
ciency. Close fetal surveillance during labor and delivery is 
therefore mandatory. The mode of delivery is determined by 
assessing relevant obstetric factors including cervical status, 
fetal presentation, and the severity of fetal compromise. If 
reversed end-diastolic velocity develops in the UA, the 
probability of impending fetal death is very high; therefore, 
it may be more prudent to deliver the infant promptly by 
cesarean section rather than to test its tolerance to the rigors 
of labor induction. 


CONCLUSION 

Development of Doppler ultrasound has allowed noninvasive 
assessment of the fetal circulatory state. Hemodynamic, 
angiomorphologic, and pathophysiologic evidence affirms 
the rationale for using the method for fetal surveillance. 
Numerous studies, as reviewed in this chapter, have 
established the efficacy of abnormal Doppler indices for 
identifying adverse perinatal outcome in various pregnancy 
disorders, especially FGR. More importantly, the majority of 
clinical trials have demonstrated the effectiveness of UA 
Doppler in improving the perinatal outcome in high-risk 
pregnancies. The most promising benefit is a significant 
reduction in preventable perinatal deaths. Current evidence 
clearly indicates that Doppler velocimetry should be an 
essential component of antepartum fetal surveillance in 
high-risk pregnancies especially those with FGR. Clearly, no 
single testing modality should be regarded as the exclusive 
method for fetal monitoring as the various fetal monitoring 
tests reveal different aspects of fetal compromise, often in a 
complementary manner. The recommendations in this 
chapter do not provide a solution for every contingency that 
may develop in the course of a high-risk pregnancy. The 
physician must individualize the care in light of the myriad of 
variations in the clinical situation. The information presented 
in this chapter should be used as a pragmatic guideline that 
integrates the new modality with the existing standards of fetal 
surveillance. As new evidence accumulates and experience 
grows, evidence-based integration of the various modalities of 
fetal monitoring in appropriate sequence and frequency will 
add further refinement to this plan of management. 
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67 Assessment of fetal well-being: Fetal heart rate monitoring and 


the fetal biophysical profile 
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INTRODUCTION 

The primary objective of antepartum fetal surveillance is the 
prevention of stillbirth. A second objective is the timely 
detection of fetal asphyxia that may result in long-term 
neurodevelopmental handicap. Antepartum fetal surveillance, 
for the most part, became possible only in the second half of 
the 20th century, mainly due to the advent of ultrasound and 
external continuous electronic fetal heart rate (FHR) mon- 
itoring (EFM). These technologies are now widely available 
and have become accepted as the mainstays of the evaluation 
of fetal well-being. 

The use of any monitoring method to detect fetal 
compromise has, as a prerequisite, the clear understanding 
of the pathophysiology by which the particular condition 
results in adverse perinatal outcome. A test that is reliable for 
one condition may not be so valuable for predicting outcomes 
with another condition. Kontopoulos and Vintzileos (1) 
recently discussed how the efficacy of any antepartum 
screening test depends on the underlying pathophysiology of 
the condition and recommended condition-specific antenatal 
testing. Table 1A lists all the known pathophysiologic 
processes that can place the fetus at risk for in utero death 
or neurologic damage, whereas Table 1B lists some of the more 
common indications for antepartum fetal surveillance. Im- 
portantly, no single list of indications could ever cover all the 
reasons for fetal surveillance. Essentially, any condition that 
puts the fetus at risk for antepartum death may be considered 
as an indication for fetal surveillance. 

Until late in the 20th century, the main methods of 
antepartum fetal monitoring were the measurement of fundal 
height and maternal kick counts. The introduction of the FHR 
monitor by Hon around 1960 (2) ushered in a new era in fetal 
well-being assessment. EFM was initially designed for 
intrapartum assessment of fetal well-being, but it eventually 
became a tool for antepartum fetal monitoring too. However, 
it soon became obvious that monitoring of the FHR alone had 
limitations, especially a high false-positive rate. In 1980, 
Manning and colleagues introduced the fetal biophysical 
profile (BPP) (3), which utilizes real-time ultrasound 
examination of the fetus. While there are numerous other 
forms of fetal monitoring, such as Doppler for hemodynamic 
fetal evaluation, this chapter will discuss the role of 
antepartum FHR monitoring and the BPP in fetal assessment, 
including the limitations of each technique. 


EFM 

About 1960, Hon introduced the EFM originally for the 
purpose of intrapartum assessment of the fetus (4,5). It was 
observed that certain FHR patterns were strongly predictive of 


a non-asphyxiated fetus, while other patterns suggested 
intrapartum fetal oxygen deprivation (5). Fetuses suffering 
from intrapartum hypoxia frequently exhibited a slowing of 
the FHR following a contraction, termed late deceleration. 
Following the routine introduction of the EFM during labor, 
there was a remarkable reduction in intrapartum fetal deaths. 
Subsequently, it was suggested that EFM might play a role in 
assessing fetal well-being way before the onset of labor. Since 
the presence of intrapartum late decelerations indicated fetal 
hypoxia, it was believed that stimulating uterine contractions 
in patients who were not in labor might help identify fetuses 
that were at risk of hypoxia in the antepartum period. This led 
to the “oxytocin challenge test” (OCT), the original ante- 
partum continuous electronic FHR assessment of the fetus, 
introduced in the early 1970s by Ray and colleagues (6). Using 
oxytocin, uterine contractions were stimulated, and the 
presence of FHR late decelerations were considered a positive 
test and predictive of fetal compromise (7). 

The OCT was considered positive if greater than 50% of 
contractions were followed by late decelerations, and 
negative if there were no late or significant variable decelera- 
tions. An OCT was described as “suspicious” if there were 
intermittent late or variable decelerations, while the test was 
deemed “unsatisfactory” if there were fewer than three 
contractions over a 10-minute period, or if the fetal heart 
tracing quality was uninterpretable. In cases where there were 
prolonged contractions that led to decelerations, the term 
“hyperstimulation” was used. Later, it became apparent that 
these decelerations could also result from spontaneous uterine 
contractions, and therefore the test was renamed the 
“contraction stress test” (CST). Others used nipple stimulation 
instead of oxytocin to provoke uterine contractions and found 
similar results (8—13). A positive CST (or OCT) was indicative 
of uteroplacental insufficiency. During contractions, blood 
flow to the intervillous space is impeded. A bradycardic 
response develops due to a chemoreceptor response that is 
provoked by fetal hypoxia. These late decelerations in the 
antepartum period were shown to predict subsequent adverse 
outcomes before, during, and after labor. Several studies 
demonstrated that though the OCT had a high false-positive 
rate, the false-negative rate was low, about 1% or less (14). In 
other words, the risk of fetal death within 1 week after a 
negative test is negligible. However, the false-positive rate of 
the OCT is at least 20% to 45% (15,16). Importantly, 
conditions associated with fetal demise after a negative CST 
are often umbilical cord accidents and placental abruption, 
conditions that occur suddenly, and may not necessarily be 
expected to be predicted by any antepartum surveillance 
modality (14). 
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Table 1A Antepartum Maternal/Fetal Pathophysiologic 
Processes That Can Place the Fetus at Risk for In Utero 
Death or Neurologic Damage 


Pathophysiologic 
process Maternal/fetal condition 
Decreased Chronic hypertension 
uteroplacental Pre-eclampsia 
blood flow Collagen/renal/vascular disease 


Most cases of fetal growth restriction 
(i.e., <32-34 wk) 


Decreased gas Postdate pregnancy, some fetal 


exchange growth-restricted cases 
(i.e., >32-34 wk) 
Metabolic Fetal hyperglycemia 
aberrations Fetal hyperinsulinemia 


PROM 

Intra-amniotic infection 

Maternal fever, primary subclinical 

Intra-amniotic infection 

Fetomaternal hemorrhage 

Erythroblastosis fetalis 

Parvovirus B19 infection 

Cardiac arrhythmia 

Nonimmune hydrops 

Placental chorioangioma 

Aneurysm of the vein of Galen 

Umbilical cord entanglement 
(monoamniotic twins) 

Velamentous cord insertion/Funic 
presentation 

Noncoiled umbilical cord 

Oligohydramnios 


Fetal sepsis 


Fetal anemia 


Fetal heart failure 


Umbilical cord 
accident 


Abbreviation: PROM, premature rupture of the membranes. 


Table 1B Some Common Indications for Antepartum Fetal 
Surveillance 


Intrauterine growth restriction 

Prior stillbirth 

Diabetes 

Hypertension 

Pre-eclampsia 

Postdate pregnancies 

Preterm premature rupture of the membranes 

Oligohydramnios 

Decreased fetal movements 

Prior stillbirth 

Maternal lupus 

Multifetal pregnancies, particularly those with growth 
disturbances or discordance 

Cholestasis of pregnancy 


Needless to say, the OCT was cumbersome and difficult to 
perform. In the process of performing OCTs, it was often 
observed that the presence of FHR accelerations had good 
predictive value for a non-asphyxiated fetus (17). Conse- 
quently, the concept of the nonstress test (NST) was proposed. 
Since monitoring of fetal movements (including maternal kick 
counts) had previously been used to assess fetal well-being, the 
NST was considered an objective method of fetal monitoring. 
A “reactive” NST was initially defined as one with two to five 
or more accelerations in 20 minutes. An acceleration is defined 
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as a transient increase in FHR over the baseline of at least 
15 beats/minute (bpm), lasting at least 15 seconds. For 
pregnancies less than 32 weeks of gestation, an acceleration is a 
transient increase over the baseline of at least 10 bpm, lasting at 
least 10 seconds. 

There are other variables in the heart rate pattern that may 
suggest fetal well-being or compromise. The normal fetal 
baseline heart rate is 110 to 160. The baseline heart rate 
decreases with gestational age, mainly as a consequence of 
vagal maturation. Fetal tachycardia (defined as a baseline FHR 
>160bpm) may occur in association with maternal fever, 
maternal ingestion of stimulants including beta-adrenergic 
agents. Uncomplicated fetal tachycardias (with accelerations 
and good variability) are generally associated with a good 
outcome. However, these require close and thorough evalua- 
tion. When there is a persistent complicated tachycardia 
(including a heart rate greater than 200bpm, where there is 
minimal or no variability, or where there are decelerations), 
delivery should be considered, especially at term or near term. 
Obviously, one must take the entire clinical picture into 
consideration. For instance, treating maternal fever or 
stopping stimulant medications may be enough to resolve 
the tachycardia. 

Bradycardia is defined as a baseline FHR <110bpm. Again, 
this is generally benign if there are accelerations and good 
variability. However, FHRs of <100bpm may be associated 
with fetal heart block and require further evaluation. The 
absence of accelerations or reduced variability may be due to 
periodicity. However, if this persists for >45 minutes, further 
evaluation should be undertaken. A sinusoidal FHR pattern 
(Fig. 1) is considered an ominous pattern (18) and is often 
associated with fetal anemia or hypovolemia, including that 
resulting from such causes as isoimmunization, parvovirus 
infection, placental abruption, twin—-twin transfusion syn- 
drome (19-21), and ruptured vasa previa (22). Generally, 
prompt delivery is indicated, unless the cause of the sinusoidal 
FHR (such as fetal anemia) can be treated in utero (18,22). 

The NST has several advantages over the CST—it is easy to 
perform and interpret, does not require oxytocin administra- 
tion, and can be performed in shorter time than the CST. 
Furthermore, the CST has several absolute and relative 
contraindications, such as in patients with premature rupture 
of the membranes, prior classical cesarean delivery, multiple 
gestations, incompetent cervix, preterm labor, or vaginal 
bleeding. These important characteristics as well as the 
predictive reliability of the test made the NST the primary 
modality of fetal evaluation. Several studies have validated the 
role of the NST as a predictor of perinatal outcome (23,24). 
The presence of accelerations is associated with a low risk of 
fetal hypoxia, while the absence of accelerations carries a 
significantly higher rate of fetal hypoxia and acidosis. The FHR 
reactivity is controlled by the autonomic nervous system and 
the percentage of reactive NSTs increases with fetal matura- 
tion. By term, over 90% of fetuses demonstrate reactive NSTs. 
FHR accelerations are associated with fetal movements. An 
FHR tracing may be nonreactive due to fetal immaturity, fetal 
sleep state, maternally administered sedatives, fetal neurologic 
and cardiac anomalies, fetal hypoxia/acidosis, utero- 
placental insufficiency, or fetal infection. Unfortunately, the 
NST also has a high false-positive rate of about 50%, while the 
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Figure 1 Fetal heart rate tracing demonstrating a sinusoidal fetal heart rate pattern. 


false-negative rate is only about 0.3%. Translated differently, a 
reactive NST carries a very low risk of fetal hypoxia, while a 
nonreactive NST is only associated with adverse outcomes in 
less than one-half of cases. Phelan and colleagues reviewed 
2226 patients who had undergone 4000 NSTs. Of these, 1564 
women with a reactive NST were delivered within 1 week of 
the test. There were four fetal deaths giving a false-negative 
rate of 0.026%—these resulted from placental abruption and 
cord accidents, events that may not be necessarily expected to 
be predicted by an NST (25). 

In the late 1980s, it was observed that fetal auditory 
stimulation would often lead to FHR accelerations in a fetus 
that had previously lacked accelerations (26-30). This reduced 
testing time and also reduced the nonreactive NST rate. An 
artificial larynx was developed that produced a vibroacoustic 
signal (VAS). A rapidly occurring acceleration following the 
stimulation is considered a positive response. A positive VAS 
was shown to have similar accuracy in predicting good 
perinatal outcomes as a spontaneously reactive NST, with the 
advantage of a reduced testing time. 

The OCT/CST and NST are performed using an external 
FHR monitor and a tocodynamometer strapped to the 
maternal abdomen. The FHR monitor derives its signals 
ultrasonically or via phonocardiography. Ultrasound is the 
most widely used technique and provides an accurate tracing 
in the majority of cases. Perhaps obesity is the major factor 
that may be associated with an inability to obtain a 
satisfactory fetal heart tracing. Uterine contractions are 
monitored via the tocodynamometer. The tocodynamometer 
monitors the frequency and duration of the contractions, 
but cannot assess the strength of the contractions. The 
tocodynamometer may not adequately detect contractions in 
obese patients. 

Antepartum FHR testing has undergone considerable 
evaluation in several studies. It has been shown to have good 
prediction of fetal well-being when accelerations are present 
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Figure 2 Relationship between the fetal biophysical score and umbilical cord 
arterial pH. Source: From Ref. 33. The American College of Obstetricians 
and Gynecologists. 
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Figure 3 Relationship between cord artery pH and absent fetal biophysical 
activities. The pH tends to be lower in the absence of movements and/or tone 
compared with nonreactive nonstress test or absent fetal breathing. Results 
are expressed in means (95% error bars). Abbreviations: No FM, absent fetal 
movements; No FT, absent fetal tone; No FBM, no fetal breathing 
movements; NR-NST, nonreactive nonstress test. Source: From Ref. 31. 
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Figure 4 Relationship between cord artery oxygen partial pressure (pO ) and 
absent fetal biophysical activities. The pO, tends to be lower in the absence of 
movements and/or tone compared with nonreactive nonstress test or absent 
fetal breathing. Results are means expressed in millimeters of mercury (95% 
error bars). Abbreviations: No FM, absent fetal movements; No FT, absent 
fetal tone; No FBM, no fetal breathing movements; NR-NST, nonreactive 
nonstress test. Source: From Ref. 31. 
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Figure 5 Relationship between cord artery carbon dioxide partial pressure 
(pCO,) and absent fetal biophysical activities. The pCO, tends to be higher 
in the absence of movements or tone compared with nonreactive nonstress 
test or absent fetal breathing. Results are means expressed in millimeters of 
mercury (95% error bars). Abbreviations: No FM, absent fetal movements; 
No FT, absent fetal tone; No FBM, no fetal breathing movements; NR-NST, 
nonreactive nonstress test. Source: From Ref. 31. 
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and decelerations are absent. However, the converse is not 
true; the absence of accelerations is not necessarily indicative 
of a compromised fetus. Thus, EFM was found to be associated 
with an exceedingly high false-positive rate, resulting in 
excessive unnecessary interventions such as inductions and 
cesarean deliveries. It became obvious that there was a need for 
some other form of surveillance that could reduce this false- 
positive rate. 


THE FETAL BPP 

In 1980, Manning and colleagues introduced the BPP 
(Table 2) (3). This test was based on a more thorough 
evaluation of the fetus; the main advantage of the BPP over 
EFM is that the BPP evaluates several different biophysical 
markers. The FHR allowed the assessment of only a single 
biophysical marker. Just as a heart rate alone in an adult 
cannot distinguish between sleep and coma, the FHR, when 
used alone, has significant limitations, especially in the absence 
of accelerations. The BPP is analogous to an intrauterine Apgar 
score with its dynamic variables (acute markers) reflecting fetal 
CNS function. In addition to FHR reactivity, other acute fetal 
markers such as fetal movements, fetal breathing movements 
and tone, as well as assessment of the intrauterine environ- 
ment, that is, estimation of amniotic fluid volume and 
placental grading could be objectively evaluated. The fetal 
BPP was developed to decrease the false-positive results 
associated with FHR monitoring. The most important element 
of this testing method is the combination of acute and chronic 
markers of the fetal condition. The acute markers include FHR 
reactivity, fetal breathing, fetal movements, and fetal tone, 
while fetal amniotic fluid volume is a chronic marker of fetal 
well-being. The BPP avoids the high false-positive rates of the 
NST and the CST and therefore helps reduce unnecessary 
interventions. 


The Physiologic Basis for the BPP 

Acute Markers 

The acute fetal biophysical markers—FHR reactivity, fetal 
movements, fetal breathing movements, and fetal tone—are 
not random events, but are initiated and regulated by the fetal 
central nervous system (CNS) (Table 3). The presence of 
any one of these markers implies that, at the time of 
testing, the CNS center that controls the particular activity is 


Table 2 Fetal Biophysical Profile Scoring (Manning and Coworkers) 


Score 2 


Movements 


count as a single movement 
Tone 


flexion 
Breathing 
observed over a 30-min period 
Amniotic fluid 
2cm in two perpendicular planes 
Fetal heart rate 
lasting at least 15 sec) in a 40—min period 


Source: From Ref. 3. 


Three or more gross body movements in a 30-min 
period. Simultaneous trunk and limb movements 


At least one movement of a limb from a position of 
flexion to one of extension, with a rapid return to 


At least 30 sec of sustained fetal breathing movements 
At least a single amniotic fluid pocket measuring 2cm x 


At least two accelerations (of >15 beats per minute, 


Score 0 


Less than three gross body movements in a 30-min 
period 


Fetal limb in extension with no return to flexion with 
movement 


Less than 30 sec of sustained fetal breathing 
movements observed over a 30-min period 
No amniotic fluid pocket that measures at least 

2cm X 2cm in two perpendicular planes 
Less than two accelerations in 40 min 
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Table 3 Fetal Central Nervous System Centers Governing 
Biophysical Activities and Therefore Tested by the 
Biophysical Profile 


Test Center 


Cortex—subcortical area 
Cortex nuclei 
Ventral surface of the fourth ventricle 


Fetal tone 

Fetal movements 

Fetal breathing 
movements 


Nonstress test Posterior hypothalamus, medulla 


intact, functional, and therefore non-hypoxic. The converse, 
however, is not necessarily true; the absence of a single fetal 
biophysical activity is not always due to hypoxia and acidosis. 
Fetal biophysical activities such fetal breathing movements, 
fetal body movements, and FHR variability all undergo 
periodic changes. Thus, the absence of biophysical activities 
is more frequently the result of periodicity rather than a 
pathologic condition and needs to be interpreted with caution. 
The periodicity of these biophysical activities may be short 
term (20-40 minutes) or long term, similar to those diurnal 
rhythms of extrauterine life. Maternal administration of CNS 
depressants and sedatives, such as opiates, barbiturates, and 
benzodiazepines, may inhibit fetal biophysical activities, while 
factors that cause stimulation of the maternal CNS, for 
example, hyperglycemia or catecholamines, may result in 
increased biophysical activities. The effect of fetal hypoxia and 
acidosis, or fetal infection, on the fetal BPP depends on the 
severity, duration, chronicity, and frequency of the hypoxic 
insult(s). Fetal hypoxia may be transient without acidosis, or 
prolonged with associated metabolic or mixed acidosis, 
affecting multiple organs. Acute fetal hypoxia (or fetal 
infection) produces a definite decrease in FHR reactivity 
(nonreactive NST) and fetal breathing movements, and when 
severe hypoxia (or infection) abolishes fetal movements and 
tone (31-33). 

The biophysical activities appear progressively in normal 
fetuses as gestation advances. The first biophysical activity to 
appear is tone; the fetal tone center begins functioning at 7/2— 
8% weeks of gestation. This is followed shortly thereafter 
by the fetal movement center, which begins functioning at 
approximately 9 weeks of gestation. The fetal breathing 
movement center starts operating at about 20 to 21 weeks of 
gestation, and finally the FHR reactivity center becomes 
functional by the end of the second trimester or early third 
trimester. These centers vary in their sensitivity to hypoxia and 
acidosis (31-33). It was first observed by Vintzileos and 
colleagues that the biophysical activities that become active 
first in fetal neurodevelopment are the last to become 
compromised in fetuses exposed to intrauterine asphyxia or 
intra-amniotic infection (31-33). Thus, the FHR reactivity and 
breathing centers, controlling the biophysical activities that 
appear latest in gestation, are the most sensitive and the first to 
become affected when the fetus is exposed to hypoxia or intra- 
amniotic infection (31). Data from our prior studies indicate 
that FHR reactivity and fetal breathing are abolished when the 
fetal pH is <7.20, whereas fetal movement and tone are 
abolished at pH values <7.10. Thus, according to the “gradual 
hypoxia concept,” the earliest biophysical manifestations of 
fetal compromise (fetal hypoxia or infection) are a loss of 
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variability in the NST and absence of fetal breathing. As fetal 
condition deteriorates, fetal movements and then tone become 
abolished. In our experience, poor fetal tone is associated with 
the highest perinatal death rate (42.8%) (32). An under- 
standing of this progressive sensitivity of the biophysical 
activities to fetal hypoxia or infection of the fetal CNS 
centers is a prerequisite for the correct interpretation of the 
information derived from the biophysical assessment and 
allows for accurate assessment of the degree of fetal 
compromise in high-risk patients with intact as well as 
ruptured membranes. 


Chronic Markers 

The most important chronic marker of the BPP is the amniotic 
fluid volume, although placental grading was also included in 
the original studies by Vintzileos et al. (3,32). Chronic 
uteroplacental insufficiency that results in fetal hypoxia is 
frequently associated with redistribution of cardiac output 
away from non-vital to vital fetal organs. Thus, there is 
typically a reduction in renal perfusion, with consequent 
decreased urine production and, therefore, oligohydramnios. 
Oligohydramnios places the fetus at high risk for cord 
compression and in utero death. Several studies have 
demonstrated a strong correlation between oligohydramnios 
and increased incidence of adverse perinatal outcome. 
Chamberlain and colleagues demonstrated, in a study of 
7582 referred high-risk patients, that in structurally normal 
fetuses, the perinatal mortality rates were 1.97 in 1000 in the 
presence of normal qualitative amniotic fluid volume (largest 
pocket >2cm and <8cm), whereas rates in fetuses with 
marginal (largest pocket 1-2cm) and decreased amniotic fluid 
(largest pocket <1cm) were 37.7 in 1000 and 109.4 in 1000, 
respectively (34). Another study of 147 pregnancies compli- 
cated by oligohydramnios in pregnancies at gestational ages 
>34 weeks found an increased risk of labor induction, non- 
reassuring FHR patterns, cesarean delivery, neonatal intensive 
care unit admission, meconium aspiration, stillbirth, and 
neonatal death (35). Amniotic fluid volume is not influenced 
by acute changes in fetal CNS function. Most investigators 
consider the finding of oligohydramnios, even when it occurs 
on its own, as an abnormal biophysical assessment even if 
when all the remaining biophysical parameters are normal and 
the presence of oligohydramnios is generally regarded as an 
indication for intensive surveillance (in preterm gestations) or 
delivery (term or near-term gestations) (3,33,36,37). When 
spontaneous severe FHR decelerations and oligohydramnios 
coexist, delivery may be indicated, regardless of gestational age. 
Vintzileos and colleagues had initially included placental 
grading in the fetal BPP (32). These investigators observed that 
patients with grade 3 placentas had an increased incidence of 
abnormal intrapartum FHR patterns (44.4%) and placental 
abruption (14.8%) (32). Thus, inclusion of grade 3 placentas 
in the BPP alerts the obstetrician to the significant risk of 
intrapartum complications. 

Since the early 1980s, attempts have been made to give a 
score to each biophysical variable to produce a “fetal BPP 
score.” There are currently two types of scoring systems: one 
proposed by Manning and coworkers (Table 2) (3) and the 
other by Vintzileos and coworkers (Table 4) (32). In both 
scoring systems, a score of >8 is considered reassuring of fetal 
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Table 4 Criteria for Scoring Biophysical Variables 
According to Vintzileos and Coworkers 


Nonstress test 

Score 2 (NST 2): five or more FHR accelerations of at least 
15bpm in amplitude and at least 15-sec duration associated 
with fetal movements in a 20-min period 

Score 1 (NST 1): two to four accelerations of at least 15bpm in 
amplitude and at least 15-sec duration associated with fetal 
movements in a 20-min period 

Score 0 (NST 0): one or fewer accelerations in a 20-min period 

Fetal movements 

Score 2 (FM 2): at least three gross (trunk and limbs) episodes 
of fetal movements within 30 min. Simultaneous limb and 
trunk movements were counted as a single movement 

Score 1 (FM 1): one or two fetal movements within 30 min 

Score 0 (FM 0): absence of fetal movements within 30 min 

Fetal breathing movements 

Score 2 (FBM 2): at least one episode of fetal breathing of at 
least 60-sec duration within a 30-min observation period 

Score 1 (FBM 1): at least one episode of fetal breathing lasting 
30-60 sec within 30 min 

Score 0 (FBM 0): absence of fetal breathing or breathing lasting 
<30 sec within 30 min 

Fetal tone 

Score 2 (FT 2): at least one episode of extension of extremities 
with return to position of flexion, and also one episode of 
extension of spine with return to position of flexion 

Score 1 (FT 1): at least one episode of extension of extremities 
with return to position of flexion or one episode of extension 
of spine with return to flexion 

Score 0 (FT 0): extremities in extension. Fetal movements not 
followed by return to flexion. Open hand 

Amniotic fluid volume 

Score 2 (AF 2): fluid evident throughout the uterine cavity. A 
pocket that measures >2 cm in vertical diameter 

Score 1 (AF 1): a pocket that measures <2 cm but more than 
vertical diameter 

Score 0 (AF 0): crowding of fetal small parts. Largest pocket 
<1 cm in vertical diameter 

Placental grading 

Score 2 (PL 2): placental grading 0, 1, or 2 

Score 1 (PL 1): placenta posterior difficult to evaluate 

Score 0 (PL 0): placental grading 3 

Abbreviations: NST, nonstress test; FHR, fetal heart rate; bpm, beats per 

minute; FM, fetal movements; FBM, fetal breathing movements; FT, fetal 


tone; AF, amniotic fluid; PL, placental grading. Maximal score 12; minimal 
score 0. Source: From Ref. 32. 


well-being. A score of <8 is non-reassuring and repeat testing 
or delivery is suggested. A limitation of the original BPP 
scoring system of Manning et al. is that biophysical activities 
are given an “all or none” score (3). For instance, if there are 
movements detected that are insufficient to meet to score of 2, 
the fetus is assigned a “0” for that biophysical activity. 
However, most would agree that a fetus that demonstrates two 
movements over 30 minutes may be different from one that 
exhibits no movements at all. Thus, the initial assignment of 
intermediate scores, as proposed by Vintzileos et al. (32), 
had as its main purpose to identify the minimum require- 
ments for each biophysical component to meet normalcy 
criteria. 
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The Fetal BPP and Fetal Acid-Base 

The BPP aims at assessing fetal acid—base status at the time of 
testing. However, in order to assess the accuracy of the fetal 
BPP in assessing antepartum fetal acid-base status, it is 
crucial that the acid-base status be assessed shortly after the 
BPP is performed. Furthermore, labor has a profound effect 
on acid-base status measured at birth. A major disadvantage 
of several studies has been the long interval between 
performing the biophysical assessment and the birth of the 
infant, as well as the effects of labor and drugs on the fetus. 
In order to overcome these limitations, Vintzileos and 
coworkers studied 124 consecutive patients with singleton 
pregnancies at gestational ages between 26 and 43 weeks, 
limiting their study to patients undergoing cesarean section 
prior to the onset of labor (33,38). All patients had a BPP 
performed within 6 hours of the cesarean section. This BPP 
was correlated with fetal acid—base status as determined by 
umbilical cord blood pH measurements. Figure 2 illustrates 
the relationship between the fetal biophysical score and cord 
arterial pH. Importantly, all nine fetuses with scores of <4 
were acidemic with umbilical cord arterial pH values of 
6.99 + 0.10 (mean + SD). Thirteen fetuses with scores of 5 to 
7 had a cord artery pH of 7.19 + 0.06 (mean + SD); 9/13 of 
fetuses (69%) were acidemic. One hundred and two fetuses 
had a score of >8; in this group of fetuses, the cord artery pH 
was 7.28 + 0.04 (mean + SD); only two of these (2%) were 
acidemic. The three groups had statistically different cord 
arterial pH values. The relationship between the biophysical 
score and cord venous pH was similar. 

As expected, based on the gradual hypoxia hypothesis, there 
was a relationship between the individual biophysical activities 
and the umbilical cord blood artery pH values (Fig. 3). When 
combined biophysical activities were considered, of the 96 
fetuses with reactive NSTs and/or fetal breathing present 
(lasting >30s), none was acidemic. All the remaining fetuses 
had nonreactive NSTs and absent fetal breathing. However, 17 
fetuses had normal (three or more) body movements and tone; 
the mean pH of this group was 7.20 and 10 (59%) of these 
fetuses were acidemic. Four fetuses had compromised move- 
ments (one to two body movements) or tone; the mean cord 
blood artery pH was 7.16, and three fetuses (75%) were 
acidemic. In the seven fetuses with all biophysical activities 
absent, the mean cord blood artery pH was 6.95, with 100% of 
them having cord blood artery pH values <7.20. Careful 
observation of the results suggests that there are different levels 
of sensitivity to hypoxia and acidosis at which the fetal 
biophysical activities become compromised. The FHR reactivity 
and fetal breathing seem to be compromised when the pH is 
lower than 7.20. At pH values of 7.10 to 7.20, fetal movements 
and tone are still present but not normal and at pH values 
<7.10, movements and tone are totally absent. The ability of the 
individual biophysical components alone and in combination to 
predict fetal acidemia is shown in Table 5. Of the individual 
biophysical components, FHR reactivity and fetal breathing had 
100% sensitivities and negative predictive values, an observation 
that suggests that either test is a reasonable choice for primary 
fetal surveillance. The combination of nonreactive NST and 
absent fetal breathing movements (the “abnormal test”) 
improved the specificity and positive predictive values to 92% 
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Table 5 Efficacy of the Fetal Biophysical Variables to Predict Fetal acidemia 


Biophysical variable(s) 


Biophysical score 

Nonstress test, 
fetal breathing 
movements 

Nonstress test 


Definition of the 
abnormal test 


<7 
Nonreactive NST 


and no breathing 


Less than one 
acceleration in 
20 min 


Sensitivity 
(%) (n) 


90% (18/20) 
100% (20/20) 


100% (20/20) 


Specificity 
(%) (n) 
96% (100/104) 
92% (96/104) 


76% (79/104) 


64% (67/104) 


96% (100/104) 
100% (104/104) 


93% (97/104) 
86% (89/104) 


Positive 
predictive 
value (%) (n) 


82% (18/22) 
71% (20/28) 


44% (20/45) 


35% (20/57) 


71% (10/14) 
100% (9/9) 


50% (7/14) 
38% (9/24) 
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Negative 
predictive 
value (%) (n) 


98% (100/102) 
100% (96/96) 


100% (79/79) 


100% (67/67) 


91% (100/110) 
90% (104/115) 


88% (97/100) 
89% (89/100) 


Fetal breathing <30 sec 100% (20/20) 
movements 

Fetal movements Less than three 50% (10/20) 

Fetal tone Compromised 45% (9/20) 

or absent 

Amniotic fluid <lcm 35% (7/20) 

Amniotic fluid <2cm 45% (9/20) 

Placental grading n, Grade 3 5% (1/20) 


number of fetuses 


and 71%, respectively. Fetal tone has the highest positive 
predictive value (100%) for fetal acidemia, but low sensitivity 
(45%), an observation that suggests that fetal tone alone should 
not be used for primary fetal surveillance. 

Cordocentesis is a technique that allows accurate asse- 
ssment of relationship between the fetal BPP and fetal 
umbilical cord blood gas values. Ribbert and colleagues 
studied 14 severely growth-retarded fetuses, performing a 
BPP assessment prior to fetal blood sampling by cordo- 
centesis (39). The fetal BPP was correlated with fetal blood 
pO., pH, oxygen saturation, and oxygen content. It was 
found that the fetal BPP was a good indicator of the degree of 
fetal acidemia. Of the individual fetal biophysical activities, 
FHR reactivity was compromised for ApH (observed pH 
subtracted from the appropriate mean for gestation) below 
—2 standard deviations (SD)s; fetal breathing movements 
were compromised for ApH values below —3 SDs; fetal body 
movements and fetal tone were compromised for ApH values 
below —4 SDs. These preliminary data using fetal blood gas 
values obtained at cordocentesis confirmed the observations 
of Vintzileos and coworkers in that the fetal BPP can predict 
the degree of fetal acidemia and that the FHR reactivity and 
fetal breathing movements are the first, whereas fetal gross 
body movements and tone are the last, biophysical activities 
to be compromised during acidemia. In another study of 
62 patients undergoing cesarean section prior to the onset of 
labor, the relationship between fetal biophysical assessment 
performed within 3 hours of delivery and cord blood gases 
was investigated (31). It was observed that nonreactive NSTs 
and absent fetal breathing movements were both associated 
with lower pH, pO:, bicarbonate, base excess and higher 
pCO, than that when the NST was reactive or fetal breathing 
was present. The absence of fetal movements and/or tone was 
associated with lower pH, pOz, bicarbonate and base excess, 
and a higher pCO, than when fetal body movements and 
tone were present (Figs. 3-7). These blood gas differences 
were noted in both cord arterial and venous blood. Thus, the 
first manifestations of fetal hypoxemia and acidemia are 
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Figure 6 Relationship between cord artery bicarbonate level and absent fetal 
biophysical activities. The bicarbonate level tends to be lower in the absence of 
movements or tone compared with nonreactive nonstress test and absent fetal 
breathing. Results are means expressed in millimoles per liter (95% error 
bars). Abbreviations: No FM, absent fetal movements; No FT, absent fetal 
tone; No FBM, no fetal breathing movements; NR-NST, nonreactive 


nonstress test; Source: From Ref. 31. 
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Figure 7 Relationship between cord artery base excess and absent fetal 
biophysical activities. The base excess tends to be lower in the absence of 
movements or tone compared with nonreactive nonstress test and absent fetal 
breathing. Results are means expressed in millimoles per liter (95% error 
bars). Abbreviations: No FM, absent fetal movements; No FT, absent fetal tone; 
No FBM, no fetal breathing movements; NR-NST, nonreactive nonstress 
test. Source: From Ref. 31. 
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nonreactive NST and the absence of fetal breathing. As 
hypoxemia becomes more advanced, and hypercapnia and 
acidemia develop, fetal movements and tone become absent. 
A similar sequence of events in the deteriorating fetus also 
occurs in the presence of fetal infection (40). 


The BPP: Impact on Perinatal Outcomes 

In their initial study of the use of the BPP in clinical practice, 
Manning et al. (3) measured five biophysical activities (fetal 
movement, fetal tone, fetal breathing, amniotic fluid volume, 
and fetal NST) in 216 patients, all of whom delivered within 
a week of the last BPP. The patients were managed based on 
their NSTs, not based on the results of the BPPs. These 
investigators found that each of the five individual biophysical 
markers had a low false-negative rate, but that all five had a 
high false-positive rate. However, this false-positive 
rate varied widely among the different markers. The authors 
found that combining the markers led to a significant 
improvement in the false-positive and false-negative rates. 
There was a significant correlation between abnormal BPP 
scores and low 5-minute Apgar scores, fetal distress in labor, 
and perinatal death rate. These authors found a perinatal 
mortality rate of 0/1000 when all biophysical markers were 
normal (score 10), but that this rose to 600/1000 when all 
biophysical activities were abnormal (score 0). The fetal death 
rate with a score of 0 was 400/1000. 

Based on the results of this initial study, Manning and 
colleagues suggested a management protocol based on BPP 
scoring that is outlined in Table 6. These investigators used 
this protocol for patient management in a subsequent 
prospective study involving 1184 consecutive referred 
high-risk patients who had 2238 fetal biophysical scores 
performed (40). The purpose of the study was to assess the 
impact of using the biophysical score on perinatal death rate in 
high-risk patients. There were six perinatal deaths, in the study 
group, giving a perinatal mortality of 5.06 per 1000. This was 
significantly lower than the predicted rate for a similar high-risk 
population (65 per 1000). Importantly, this perinatal death rate 
was also less than half of that in the general population in 
Manitoba (14.3 per 1000). Only one fetus died after a reassuring 
biophysical score, thus giving a true false-negative rate of 0.8 per 
1000. As an added potential benefit, 13 of 19 (68.4%) fetuses 
with previously undiagnosed major congenital anomalies, 


Table 6 Management Scheme Based on Biophysical Profile 
Scoring 


Score Recommended management 


8-10 Repeat in 1 week. In diabetic (insulin-dependent) 
and postdate patients, repeat twice weekly. No 
indication for active intervention 

4-6 If fetal pulmonary maturity assured and cervix 
favorable, delivery, otherwise repeat in 24 hours. 
If there is persistent score of 4—6, deliver if fetal 
pulmonary maturity certain. Otherwise treat with 
steroids and deliver in 48 hours 

0-2 Evaluate for immediate delivery. In cases of certain 
pulmonary immaturity, give steroids and deliver 
in 48 hours 
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including 8 with lethal anomalies, were prenatally diagnosed 
as a result of real-time ultrasound. In two cases, the antepartum 
detection of the anomaly helped neonatal survival. 

In 1983, Vintzileos and coworkers reported their initial 
experience using a BPP consisting of six variables in 150 
patients with high-risk pregnancies during a 30-minute 
observation period (32). A total of 342 BPPs were performed. 
The patients were not managed based on the BPP results, but 
rather based on their nonstress or CSTs. There was a good 
correlation between the biophysical scores and adverse 
perinatal outcomes, including intrapartum fetal heart-rate 
pattern abnormalities, meconium during labor, fetal distress, 
and the perinatal mortality rate. Fetal biophysical scores (>8) 
were associated with good pregnancy outcome in all cases. 
Very abnormal scores (<4) were almost always associated with 
fetal distress. The absence of fetal movements was the best 
predictor of abnormal intrapartum heart-rate patterns (80%), 
while a nonreactive NST was the best predictor of meconium- 
stained fluid (33.3%). Oligohydramnios was the best predictor 
of fetal distress (37.5%) and absent fetal tone was the best 
predictor of fetal death (42.8%). The 11 fetuses that were 
acidemic at birth (cord blood artery pH <7.20) all had 
nonreactive NSTs and absent fetal breathing. There were two 
fetuses with normal fetal movement and both survived. Of five 
fetuses with movement present but compromised (one or two 
body movements in 30 minutes), only one died. Three out of 
the four fetuses with absent fetal movement died; all three also 
had absent fetal tone. These observations suggested that the 
biophysical components do not contribute to the predictive 
accuracy in an equally proportionate manner. 

Baskett et al., using the Manning scoring criteria, reported 
on 5618 BPP scores performed on 2400 high-risk pregnan- 
cies (41). The perinatal mortality in the study population 
was only 9.2 per 1000, compared with the overall perinatal 
mortality in the investigators’ hospital over the study period of 
14.5 per 1000. Structurally normal fetuses with a normal 
biophysical score had a perinatal mortality of only 1 per 1000. 
Fetuses with scores of 4 or less had a perinatal mortality rate of 
292 per 1000. In this study, the positive predictive value of an 
abnormal biophysical score for abnormal perinatal outcome 
(defined as intrapartum fetal distress, 5-minute Apgar score 
<7, intrauterine growth restriction, or perinatal death) was 
79.2%. This predictive power was significantly better than 
that of the NST, fetal breathing movements, and fetal tone; 
however, it did not reach statistical significance when com- 
pared with fetal movement and amniotic fluid volume. 

In the first prospective randomized blinded study of the 
BPP, Manning et al. randomized 735 women with high-risk 
pregnancies to BPPs or NSTs for fetal assessment (42). The 
results of the tests were used for management, but 
the physicians were not informed of which test had been 
used. The BPP was shown to have an improved predictive value 
over the NST for low Apgar scores. The negative predictive 
values were similar for both forms of fetal assessment. 
Sensitivity, specificity, and accuracy were not statistically 
different between the two methods of fetal assessment. In 
1985, Platt and colleagues reported their results from a 
randomized prospective trial comparing the BPP with NST 
for the assessment of high-risk pregnancies, examining the 
ability of the tests to predict adverse perinatal outcomes (43). 
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A number of 1628 tests were performed on 652 women. The 
authors found that the diagnostic values for all outcome 
parameters (apart from the negative predictive value for low 
5-minute Apgar scores) were consistently higher with the 
BPP than the NST. However, only the positive prediction of 
overall abnormal outcome and negative prediction of small- 
for-gestational-age infants achieved statistical significance. 

Johnson and colleagues reviewed 307 consecutive post-term 
pregnancies assessed using twice-weekly BPPs and found that 
the BPP accurately differentiated fetuses with a normal 
outcome from those at risk for perinatal asphyxia (44). They 
proposed that conservative management of post-term preg- 
nancies was made possible using the BPP for surveillance and 
that this had the potential to lead to a reduction in unnecessary 
inductions and cesarean deliveries. Meanwhile, Benacerraf and 
colleagues reported their observation on performing BPPs on 
1000 women with high-risk pregnancies and found that four 
of five fetuses with oligohydramnios and absent or poor fetal 
tone and movements had evidence of fetal compromise at 
birth (45). Their finding reinforces the fact that oligohydram- 
nios should be considered an ominous sign, regardless of the 
other variables, and generally should lead to intensive 
surveillance or delivery. 

Vintzileos and coinvestigators described their experience 
using the BPP in 73 women with healthy pregnancies who 
had presented with preterm premature rupture of the 
membranes (PPROM) and were not in labor (46). They 
observed that PPROM did not affect the BPP. However, a low 
BPP (<7) predicted impending fetal infection. Subsequently, 
these investigators performed a retrospective study of 1151 
pregnancies complicated by PPROM (47). They found that 
PPROM was associated with a higher rate of reactive NSTs, 
absent fetal breathing, and reduced amniotic fluid compared 
with those pregnancies without PPROM. However, they 
observed that the overall BPP score was not affected by 
PPROM in otherwise healthy pregnancies. In a further study, 
Vintzileos and colleagues compared the BPP with amniocent- 
esis for the diagnosis of chorioamnionitis in patients with 
PPROM (48). They found that daily BPP assessment was 
superior to amniocentesis in predicting infection outcome in 
these women. The role of the BPP in the evaluation of 
patients with PPROM will be discussed further later in this 
chapter. 

In another study, Manning and coworkers reported on 
12,620 high-risk patients who had 26,257 BPP scores (37). 
There were 93 perinatal deaths of which 24 occurred in 
structurally normal, non-isoimmunized fetuses (corrected 
perinatal mortality rate of 1.9 per 1000). Eight of these 
structurally normal fetuses died within one week of a normal 
BPP (corrected false-negative rate of 0.634 per 1000). The 
uncorrected stillbirth rate was 3.64 per 1000 and the 
uncorrected neonatal death rate was 3.72 per 1000. When 
the perinatal mortality was correlated with the biophysical 
score results, it was found that the overall mortality ranged 
from 0.652 per 1000 tests in pregnancies with a BPP score >8 
to 187 per 1000 tests for pregnancies with a BPP score of 0. The 
overwhelming majority of the BPPs (97.5%) were normal and 
only 0.76% had a score of <4. The same authors subsequently 
reported their experience with 44,828 BPPs (49) performed in 
19,221 high-risk pregnancies. The frequency of intrauterine 
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death among structurally normal fetuses after a reassuring BPP 
was 0.726 per 1000 (14 deaths). Four of those deaths resulted 
from cord prolapse, an outcome not likely to be predicted by a 
normal BPP score. Thus, the false-negative rate of a normal 
test, excluding cases that the BPP would not have been 
expected to predict, could have been as low as 0.518 per 1000 
(10 deaths). Almost half of the antepartum fetal deaths 
occurred 5 to 7 days after a normal BPP. Therefore, it is 
possible that increasing the frequency of testing to twice a week 
may have prevented some of these deaths. The usefulness of 
the fetal BPP in predicting perinatal death has also been 
investigated by Baskett and coworkers (50) in 4184 fetuses. 
The overall perinatal mortality in the study population was 7.6 
per 1000. Fetuses with a normal biophysical score (8—10) had a 
perinatal mortality rate of 1 per 1000, while fetuses with an 
equivocal score of 6 had a perinatal mortality rate of 31.3/1000. 
Finally, fetuses with a BPP score of 0 to 4 had a perinatal 
mortality of 200 per 1000. The false-negative rate of 0.7 per 
1000 was very similar to the false-negative rate previously 
reported by Manning and coworkers. 

Platt and coworkers (51) studied 283 patients who had a 
total of 1112 BPPs. Patients were managed on the basis of their 
NST results and not on their BPPs. The perinatal mortality rate 
for all patients delivered in their institution during the study 
period was 22.6 per 1000 as opposed to 14 per 1000 (corrected 
7 per 1000) for the study population and 7.4 per 1000 for 
fetuses with a biophysical score of >8. The authors questioned 
the predictive accuracy of the biophysical score as compared 
with the NST alone. 


Outcomes with Very Low BPP Scores 

Manning and coworkers (52) reported on outcomes of 
pregnancies with BPP scores of zero. Twenty-nine of 
28,655 fetuses (0.092%) had a last BPP score of 0 prior to 
delivery. The perinatal death rate in this group of 29 
fetuses was 48.3% (14 of 29) and the majority (11 of 14) 
were stillborn. Death occurred as early as 30 minutes and 
as long as 11 days after the last test. Three asphyxia- 
related neonatal deaths occurred despite immediate and 
aggressive intervention. The positive predictive value of a 
BPP score of 0 for perinatal mortality or morbid perinatal 
outcome (defined as fetal distress in labor, 5-minute 
Apgar score <7, umbilical vein pH <7.20, or admission to 
a neonatal intensive care unit for over 24 hours for 
reasons unrelated to prematurity) was 100%. Thus, these 
authors argued that the very abnormal fetal BPP (score = 0) 
should be considered a perinatal emergency. Importantly, 
some fetuses will survive despite this extremely low 
biophysical score; thus, procrastination, when the BPP score 
is 0, based upon the belief that the outcome will be dismal, 
should be discouraged. 

In another study of 26,780 fetuses, Manning and cow- 
orkers (53) studied the relationship between the last BPP 
score and various perinatal outcomes including mortality and 
morbidity. A highly significant inverse linear correlation was 
observed between the BPP score and fetal distress, admission 
to the neonatal intensive care unit, intrauterine growth 
restriction, low 5-minute Apgar score (<7), and umbilical 
cord pH <7.20. No correlation was found between the fetal 
BPP score and the incidence of meconium or major anomaly. 
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A highly significant inverse exponential relationship was 
observed between biophysical score and perinatal mortality. 
The authors interpreted the data as suggesting that the BPP 
scoring provides insight into the extent and degree of fetal 
compromise. 

Several other investigators have subsequently found that the 
BPP, when used appropriately, leads to a reduction in perinatal 
mortality and adverse pregnancy outcomes in high-risk 
pregnancies. Furthermore, it has been useful in predicting 
those pregnancies at risk for an adverse outcome. The BPP was 
found to be an effective method of antepartum fetal 
surveillance in patients with diabetes mellitus, hypertension, 
multiple pregnancies, and other high-risk conditions. How- 
ever, few years after its introduction into clinical practice, it 
became apparent that it was often used with inappropriate 
expectations or interpretation. 


Factors Affecting the BPP 

While the BPP is now widely used for fetal assessment, 
questions are often asked about how the BPP may be affected 
by several factors commonly encountered in obstetrics. 


Gestational Age 

Because the biophysical activities are gestational age depen- 
dent, it has been suggested that the BPP score would vary 
across gestation. Hence, Vintzileos and coworkers (47) 
performed 951 serial examinations from 25 to 44 weeks of 
gestation in 210 patients with intact membranes and normal 
pregnancy outcome. These investigators observed a significant 
increase in reactive NSTs after 32 weeks while both fetal 
breathing movements and amniotic fluid volume were 
decreased after 40 weeks. Fetal movements and fetal tone 
remained stable across these gestational ages. The incidence of 
grade 3 placentas increased significantly after 32 weeks. These 
variations in the frequencies of the fetal biophysical compo- 
nents from 25 to 44 weeks of gestation agree with the findings 
of several other investigators (54-57). It should be noted, 
however, that the frequency of reassuring biophysical scores 
(>8) did not change significantly from 25 to 44 weeks of 
gestation. Using the scoring criteria of Manning and cow- 
orkers, Baskett (58) had similar findings regarding the changes 
of the biophysical components throughout gestation. Their 
study involved pregnancies with normal perinatal outcome 
(5582 fetuses/11,012 BPPs). There were an increased number 
of reactive NSTs and fetal breathing movements at 34 to 
41 weeks as compared with earlier gestations. The NST, fetal 
breathing movements, fetal tone, and amniotic fluid volume 
were more likely to be abnormal in prolonged gestations 
(42—44 weeks) as compared with term gestations (37—41 weeks). 
Although changes in the individual biophysical components 
were noted, the frequency of normal biophysical scores (>8) did 
not change significantly throughout gestation. The under- 
standing of the gestational age-dependent changes of the 
biophysical components is mandatory for the proper clinical 
application of the BPP, especially when one manages very 
preterm gestations. 

Magnesium sulfate is probably the most commonly used 
tocolytic in the United States. It is also used for seizure 
prophylaxis in pre-eclampsia. Peaceman and colleagues 
performed BPPs on 16 women who were treated with 
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magnesium sulfate tocolysis for preterm labor at gestational 
ages of 26 to 34 weeks of gestation (59). They found that 
magnesium sulfate did not affect fetal tone, gross body 
movements, or amniotic fluid volume. However, they found a 
reduction in fetal breathing movements and a higher propor- 
tion of nonreactive NSTs in fetuses exposed to magnesium 
sulfate. In another study, Carlan and colleagues (60) found that 
administration of magnesium sulfate for tocolysis was asso- 
ciated with a lowered score due to reduced fetal breathing 
movements. These investigators did not find that magnesium 
sulfate affected any other components of the BPP. Gray and 
colleagues evaluated the effect of magnesium sulfate on the BPP 
and failed to demonstrate any effect of magnesium sulfate on 
the BPP (61). 

The corticosteroids betamethasone and dexamethasone are 
widely used to induce fetal lung maturation in fetuses at risk of 
preterm delivery. Rotmensch and colleagues found a transient 
but reversible suppression of fetal breathing movements, body 
movements, and FHR accelerations in pregnancies exposed to 
steroids for lung maturation (62). Jackson and colleagues 
similarly found a reduction in fetal breathing movements 
and gross body movements in fetuses in pregnancies where 
betamethasone was administered (63,64). These authors also 
observed a reduction in amniotic fluid volume. Deren and 
coworkers observed that fetuses exposed to betamethasone 
had reduced fetal movements, breathing movements, and a 
higher number of nonreactive NSTs (64). In a study of 84 
pregnancies in whom betamethasone was administered, Kelly 
and colleagues found a reduction in BPP scores, mainly caused 
by a reduction in fetal movements, fetal breathing movements, 
and a greater proportion of nonreactive NSTs (65). In 
summary, most investigators have found that steroids affect 
the BPP mainly through a reduction in reactive NSTs, fetal 
body movements, and fetal breathing movements. However, 
this reduction in BPP scores is transient (48—72 hours) and has 
not been associated with worse perinatal outcomes. This 
transient reduction in FHR reactivity and fetal breathing 
movements should be taken into consideration in evaluating 
preterm fetuses, when the mother has been administered 
corticosteroids, so iatrogenic prematurity can be avoided. 


Inappropriate Use of the BPP 

Vintzileos and colleagues pointed out several of the reasons 
that the BPP may be used inappropriately (36). First, these 
investigators emphasized that the most frequent error among 
clinicians is to base the management of the patient on the 
biophysical score alone. They argued that it is crucial that the 
clinician should utilize the individual components of the score 
rather than the total score in making management decisions. 
For instance, a fetus with a reactive NST and a normal amount 
of amniotic fluid, but demonstrating no tone or movements 
during the examination is assigned a score of 4. However, 
both the acute marker, the most sensitive one (reactive NST), 
and the chronic marker (amniotic fluid volume) have 
indicated that this fetus is not hypoxemic. Unfortunately, 
such patients are often said to have failed their BPP and end up 
being delivered inappropriately and often prematurely. More 
than likely, the absence of fetal movements, tone, and/or 
breathing in such a case may be the result of periodicity. 
Conversely, a fetus with a BPP score of 8, but with severe 
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oligohydramnios, should be delivered if the gestational age is 
term or near term, despite the “favorable” BPP score of 8 
because this fetus is a candidate for a cord accident and death 
in utero despite normal biophysical activities at the time of 
testing. 

A second error that is often encountered, when using BPP to 
guide management, is failing to consider the overall clinical 
picture of the individual case. For instance, a fetus at term with 
severe growth restriction should be delivered, despite the 
presence of a reassuring BPP score. 

Third, one should not use the same interval of testing (i.e., 
weekly) for all cases. Generally, a BPP score is considered 
reliable for 1 week. However, certain high-risk conditions, 
such as insulin-dependent diabetes, growth restriction, or 
postdate pregnancies may require more frequent testing. 
Manning and colleagues in evaluating 12,620 pregnancies with 
BPPs found that half of the fetal deaths after reassuring BPP 
results occur between 5 and 7 days after testing, suggesting that 
twice-weekly testing may reduce mortality. The interval 
between testing, therefore, should be individualized based on 
the circumstances of each particular case. When a test is non- 
reassuring, rather than repeat the test in 24 hours, as is widely 
advocated, it is appropriate to extend the period of testing 
beyond 30 minutes. Extending the testing duration will help 
differentiate between a compromised fetus and one where 
biophysical activities are absent due to periodicity, whereas just 
retesting in 24 hours, as is the usual advice, may result in fetal 
demise. 

Next, some investigators advocate the use of BPP without 
performing an NST. However, the NST may detect FHR 
variable decelerations that may detect the fetuses at risk for 
cord accident. These fetuses may have a normal BPP score, and 
false reassurance may be provided if an NST is not performed. 

Physicians may often delay delivery even with non- 
reassuring BPP testing due to such concerns as an unfavorable 
cervix or preterm gestation. This attitude may carry a 
significant risk of an adverse perinatal outcome. Clinicians 
should act based on the information derived from the 
biophysical assessment. 

Finally, operator inexperience and faulty technique may 
lead to incorrect assessment of biophysical activities and 
inappropriate management decisions. Amniotic fluid mea- 
surements should occur in umbilical cord—free pockets. In 
addition, fetal breathing movements should be considered 
present only if they are continuous, lasting for more than 30 
seconds. Fetal body movements should be considered present 
only if there are three or more rolling trunk movements 
observed in a 30-minute period. 


Selective Use of the NST 

The selective use of the NST was reported by Manning and 
coworkers (66), who omitted the NST from the initial 
biophysical evaluation and included only the other four 
biophysical components (fetal breathing movements, fetal 
movements, fetal tone, and amniotic fluid volume). The 
authors studied 2712 patients who had a total number of 7851 
tests and showed that the test accuracy was not compromised. 
In addition, the need for NST was reduced to only 2.7% of the 
cases. The selective use of the NST improved the efficiency of 
the authors’ testing unit, shortened the duration of the test, 
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and increased the number of patients who could be tested 
daily. Another study by Eden and coworkers, however (67), 
questioned the wisdom of omitting the NST from the initial 
biophysical evaluation, as fetuses with all normal biophysical 
components but variable decelerations during NST testing 
had an increased frequency of abnormal perinatal outcome. 
Mills and coworkers (68) proposed a two-tier approach to 
biophysical assessment of the fetus. They performed a 
retrospective review of 2038 biophysical assessments in 500 
high-risk pregnancies. The authors compared the efficacy of 
the NST and BPP in predicting fetal asphyxia in fetuses with 
normal and abnormal growth. The sensitivity, specificity, 
positive predictive value, and negative predictive value of the 
NST to predict lethal fetal asphyxia were 100%, 77.5%, 0.4%, 
and 100%, whereas that of the fetal BPP were 100%, 99.7%, 
33.3%, and 100%, respectively. The authors suggested that the 
appropriate biophysical evaluation of the fetus could be 
determined based on the clinical problem and the fetal growth. 
According to the authors, when fetal growth is normal, by 
ultrasound evaluations at every 4 weeks, no biophysical assess- 
ment is necessary. If the growth is abnormal, biweekly NSTs 
and fetal growth checks by ultrasound at every 2 weeks are 
indicated. The authors concluded that the fetal BPP should be 
reserved for those cases where the NST is non-reassuring or 
equivocal. By using this testing method, the authors speculated 
that they could theoretically reduce their workload of NSTs by 
>60% and BPPs by >75%. 


The BPP in Diabetes and Postdate Pregnancies 

Johnson and coworkers (44) managed 307 consecutive post- 
term pregnancies with twice-weekly BPPs and suggested that if 
the biophysical score was reassuring, waiting for spontaneous 
onset of labor was advisable, resulting in good perinatal 
outcomes with a much lower cesarean section rate (15% vs. 
42% for induction patients). The same authors also reported 
on the use of the fetal BPP in managing 238 diabetic 
pregnancies who had a total number of 1028 profiles 
performed (69). In patients with an abnormal score, there 
was a high rate of intensive care nursery admissions and 
cesarean section rate (50%). Of the fetuses with normal BPP 
scores, 57.4% entered spontaneous labor, 31.3% were 
induced, and the remaining 11.3% were delivered by elective 
repeat or primary cesarean section. Stillbirths were prevented 
and 87% of the patients delivered at or near term with minimal 
maternal or neonatal morbidity. Abnormal BPP scoring was 
associated with a significantly higher rate of operative 
intervention and neonatal morbidity. According to the 
authors, the fetal BPP allows for a safe expectant management 
in the diabetic pregnancy. 

The usefulness of the fetal BPP in twin gestations has been 
studied by Lodeiro and coworkers (70). Forty-nine twin 
gestations with additional high-risk factors such as suspected 
growth retardation of one or both twins, maternal chronic 
hypertension, or pregnancy-induced hypertension were fol- 
lowed with weekly BPPs. The sensitivity, specificity, positive 
predictive value, and negative predictive value of the 
biophysical assessment in predicting fetal distress were 
83.3%, 100%, 100%, and 97.7%, respectively. The false- 
negative rate was 2.2%. However, the only false-negative death 
resulted from extreme prematurity in a set of twins delivered at 
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26 weeks of gestation. Four twin gestations had fetal distress in 
only one of the twins and all eight fetuses (four pairs) 
had nonreactive NSTs. The BPP accurately predicted 
the distressed twin of each of the four pairs, and it also 
correctly identified well-being for its counterpart twin. The 
authors concluded that the BPP is a safe and effective tool in 
the antepartum fetal surveillance of twin gestations. 

The wisdom of arbitrary assignment of equal score weights 
for the various biophysical components was questioned by 
Manning and coworkers (71). In a study of 525 fetuses, they 
studied the relationship between the last abnormal BPP score, 
in total and by variable composition, and a variety of abnormal 
perinatal outcomes such as fetal distress in labor, low 5-minute 
Apgar score (<7), intrauterine growth restriction, and 
admission to the neonatal intensive care unit for >24 hours. 
It was found that all variable combinations for the same score 
subsets (scores 6, 4, and 2) are not equal in predictive accuracy. 
For a biophysical score of 6, the probability of fetal distress or 
death was significantly higher with either nonreactive NST/ 
fetal tone absent or nonreactive NST/absent fetal breathing 
movements, whereas the probability of fetal distress was 
significantly lower when fetal breathing movements were 
absent in the presence of oligohydramnios. Significant 
variations in positive predictive accuracy also occurred within 
subsets of variable combinations yielding a BPP score of 4; 
these variations, however, disappeared with a BPP score of 2. 
Overall, the NST, amniotic fluid volume, and fetal breathing 
movements emerged as the most powerful variables for all 
perinatal outcome measures. Fetal tone seemed to play a lesser 
role, and fetal movement was found to be important only for 
predicting fetal distress. 
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A Rational Approach to Antepartum Fetal Biophysical 
Assessment 

Considering the “gradual hypoxia concept,” and also the 
100% sensitivity of the combination of the nonreactive 
NST and absence of fetal breathing movements for predicting 
the acidemic fetus, Vintzileos and coworkers recommended 
a modified fetal evaluation scheme for patients with 
intact membranes (Fig. 8). This scheme is based on the 
individual biophysical components rather than the score 
(32,36). It should be noted that this scheme is also supported 
by the data of Manning and coworkers (71), which suggest 
that the NST, amniotic fluid volume, and breathing move- 
ments are the most powerful predictors of fetal compromise. 

This protocol includes assessment of an acute (NST or fetal 
breathing) and a chronic marker (amniotic fluid volume). A 
reactive NST or fetal breathing lasting >30 sec (even in the 
presence of a nonreactive NST) makes fetal acidemia at the 
time of testing highly unlikely. However, there is a caveat in 
patients with uncontrolled diabetes. Hyperglycemia may cause 
fetuses in diabetic pregnancies to exhibit fetal breathing even 
in the presence of (lactic) acidemia. Thus, the blood glucose 
should be checked in diabetic women at the time of the BPP 
assessment. 

When the NST is nonreactive, it becomes crucial to make 
the differentiation between fetal sleep and fetal acidemia. If 
fetal breathing lasting greater than 30 seconds is detected, the 
examination is terminated and further management is based 
on the amniotic fluid volume assessment. If all biophysical 
activities (nonreactive NST, fetal breathing, fetal movements, 
and fetal tone) are absent after 30 minutes of continuous 
observation, the fetus should be delivered promptly. If the 


Figure 8 An algorithm for the use of the modified fetal biophysical profile in antepartum fetal surveillance. 
fetal breathing movements; FM, fetal movements; FBP, fetal biophysical profile; FT, fetal tone; FHR, fetal heart rate; NST, nonstress test. 
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fetus has a nonreactive NST and breathing is absent, while 
movements and tone are normal, testing duration should be 
extended to differentiate fetal sleep from fetal compromise. 
The NST is continued until a reactive pattern is observed or 
until 120 minutes have elapsed. If the NST is still nonreactive, 
the real-time ultrasound examination should be repeated. 
If no fetal breathing is observed, and the gestational age is 
>32 weeks, additional evaluation (i.e., Doppler velocimetry) or 
delivery may be considered. In very preterm gestations 
(<32 weeks) in the absence of FHR cyclicity, if there is a 
nonreactive NST and absent fetal breathing, additional 
evaluation or delivery should also be considered (72,73). If 
FHR cyclicity and body movements are both present and 
normal, then expectant management is indicated. The 
presence of oligohydramnios and/or variable decelerations 
during NST suggests that that the fetus is at risk for umbilical 
cord accident, and the fetus should be delivered if the gestation 
is at or near term. The presence of a normal amount of 
amniotic fluid and the absence of variable decelerations is 
reassuring, and expectant management may be reasonable. 
In the presence of oligohydramnios in a term or a near-term 
gestation with intact membranes, delivery is indicated 
regardless of how reassuring the other biophysical components 
are. In our view, a largest amniotic fluid pocket less than 2cm 
(or amniotic fluid index <5cm) defines oligohydramnios. The 
combination of oligohydramnios and variable decelerations 
during the NST may indicate the need for delivery in viable, 
structurally normal fetuses with intact membranes, regardless 
of gestational age. In very preterm gestations (<32 weeks) in 
the presence of oligohydramnios and no identifiable fetal 
anomalies, pregnancies should be managed on a case-by-case 
basis taking into consideration the results of Doppler 
velocimetry (if the underlying pathophysiology is reduced 
uteroplacental blood flow). However, it is crucial to recognize 
that these fetuses are at increased risk of stillbirth and that 
while it may be necessary to attempt to prolong gestation to 
improve maturity at birth, these fetuses may die while being 
managed conservatively. If delivery is not undertaken, 
frequent testing (every 24 hours) is an alternative logical plan 
of management. In this group of fetuses, Doppler studies may 
assist in deciding management. 


Computer-Assisted BPP 

The biophysical methods currently used in clinical practice are 
arbitrary since they do not provide exact quantification of the 
biophysical activities over a long period, nor do they account 
for the occasionally long intervals of fetal inactivity, which are 
frequently observed in normal fetuses. To circumvent these 
drawbacks, an extended period of concurrent observation of 
the biophysical activities has been attempted by using 
computer-assisted systems or phonographic transducers 
(74,75). Devoe and coworkers (76) have reported their 
experience by using a computerized system that allowed 
analysis of the simultaneously acquired biophysical activities in 
200 term high-risk fetuses. The biophysical activities obtained 
for each high-risk fetus were compared with previously 
established nomograms. The results correlated with the 
presence or absence of perinatal mortality, fetal distress, a 
low 5-minute Apgar score (<7), and intrauterine growth 
retardation. A test was considered abnormal if two or more 
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biophysical activities quantitatively fell >2 SD below the 
population mean. A decreased frequency of fetal body 
movements, decreased amniotic fluid volume, and decreased 
frequency of FHR accelerations were the most common 
abnormalities. When fetuses with normal or abnormal 
perinatal outcomes were classified by the last computerized 
biophysical test, the sensitivity was 86%, specificity 89%, 
positive predictive value 75%, negative predictive value 93%, 
and overall diagnostic accuracy 86.2%. This diagnostic 
accuracy was significantly better as compared with the 
arbitrary scoring system of Manning and coworkers. However, 
this comparison was not based on a randomized trial; in 
addition, it was not clear whether or not the computer-assisted 
BPP results influenced patient management. 


THE FETAL BPP IN PATIENTS WITH PROM 

The effect of PROM on the BPP has been studied extensively. 
Vintzileos and colleagues performed a retrospective analysis of 
1151 fetal BPPs performed between 25 and 44 weeks of 
gestation in pregnancies with good outcomes (defined as those 
with no congenital anomalies, infection, fetal distress, or 
perinatal mortality/morbidity) (47). These investigators com- 
pared the fetal BPPs and scores of patients with intact 
membranes with those who had PPROM, but had good 
pregnancy outcomes. The frequency of reactive NSTs, fetal 
breathing, fetal movements, and fetal tone did not change 
across gestation from 25 to 44 weeks in patients with PROM. 
However, when compared with patients with intact mem- 
branes, those pregnancies with PROM had a higher frequency 
of reactive NSTs, absent fetal breathing, and reduced amniotic 
fluid volume. The frequency of nonreactive NST at less than 32 
weeks of gestation was only 13.5% in the presence of ruptured 
membranes. The overall biophysical scoring was not altered by 
the presence of PROM. The changes in the fetal BPP caused by 
PROM are summarized in Table 7. 

In a prospective study, Vintzileos et al. (46) performed 
frequent fetal biophysical assessments on 73 patients with 
PROM with no clinical signs of labor or infection and 
demonstrated that an abnormal BPP was an early indicator of 
intra-amniotic infection. A fetal BPP was performed on 
admission and was repeated every 24 to 48 hours. The last 
biophysical assessment before delivery was correlated with the 
development of clinical amnionitis, possible neonatal sepsis, 
and neonatal sepsis. The diagnosis of possible neonatal sepsis 
was made when there was strong clinical and laboratory 
evidence of neonatal infection but the cultures were negative. 
The diagnosis of neonatal sepsis was made in the presence of 
positive cultures of blood, urine, or cerebrospinal fluid. There 


Table 7 Summary of Changes in the Fetal Biophysical 
Profile Associated with Premature Rupture of the 
Membranes 


Increase in fetal heart rate reactivity 
Decrease in fetal breathing movements 
No change in fetal movements 

No change in fetal tone 

No change in the overall biophysical score 
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was no correlation between the fetal biophysical assessment 
and intra-amniotic infection in the 20 of the 73 patients who 
delivered at greater than 24 hours following the last 
biophysical assessment. Fifty-three patients delivered within 
24 hours of the last biophysical examination; in these patients, 
a biophysical score of >8 was associated with an infection rate 
of 2.7%, while an abnormal biophysical score (<8) was 
associated with an overall infection rate of 93.7% (46). The 
first manifestations of fetal intra-amniotic infection were 
nonreactive NST and absent fetal breathing. Loss of fetal 
movement and absent fetal tone occurred only in advanced 
infections. The best predictor of infection was the overall 
biophysical score. The fetal biophysical score range was <8 in 
all the 14 cases with possible neonatal sepsis or neonatal sepsis. 
No difference in the mean umbilical cord blood pH between 
the infected and non-infected cases was found, an observation 
that suggests that the low scores of the infected group were not 
mediated by hypoxia, but rather by infection. In patients with 
PROM, the degree of oligohydramnios, one of the compo- 
nents of the BPP, is strongly correlated with pregnancy 
prolongation, abnormal antepartum and intrapartum FHR 
patterns, cesarean section rates, fetal distress, infection, and 
perinatal mortality. Vintzileos and colleagues correlated the 
degree of oligohydramnios with pregnancy outcome in 90 
patients with PROM and no signs of infection or labor (77). 
Patients with severe oligohydramnios (largest amniotic fluid 
pocket <l cm) had the highest frequency of amnionitis 
(47.3%), possible neonatal sepsis (26.3%), and neonatal sepsis 
(31.5%), compared with 9.2%, 3.7%, and 1.8%, respectively, 
in patients with a largest amniotic fluid pocket >2cm. Based 
on this finding, these investigators concluded that patients 
with PROM and severe oligohydramnios should have daily 
fetal BPPs performed. A retrospective analysis of 127 
consecutive patients with PROM who had NSTs performed 
every 24 to 48 hours as part of the fetal BPP demonstrated that 
those who initially had a reactive NST and subsequently 
converted to a nonreactive NST developed clinical intra- 
amniotic infection in almost 90% of the cases (78). The last 
NST prior to delivery had sensitivity, specificity, positive, and 
negative predictive values to predict infection outcome of 
78.1%, 86.3%, 67.7%, and 92.1%, respectively. Fetal breathing 
movements (lasting >30s) have also been shown to predict 
intra-amniotic infection. In a study of 130 patients with PROM 
who were followed with BPP assessments every 24—48 hours, 
the sensitivity, specificity, positive, and negative predictive 
values of fetal breathing to predict intra-amniotic infection 
were 91.6%, 64.8%, 50%, and 95.3%, respectively (79). Of 
the individual biophysical components, the presence of fetal 
breathing has been the most reliable in ruling out fetal infection, 
if observed within 24 hours prior to delivery. Vintzileos and 
coworkers compared daily fetal BPPs with amniocentesis (for 
Gram stain and culture) in 58 patients who presented with 
preterm PROM and no apparent infection or labor (48). In 
addition to the usual indications for delivery, a positive Gram 
stain or culture of the amniotic fluid, obtained by amniocent- 
esis, or a persistently abnormal biophysical score (<8) on two 
examinations, 2 hours apart, in the presence of a nonreactive 
NST and absent fetal breathing were also considered as the 
indications for delivery. The last BPP prior to delivery and 
amniocentesis results on admission were correlated with 
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infection outcome. All but one of the 13 cases with neonatal 
infection were associated with an abnormal biophysical 
assessment. There were two cases with amnionitis without 
neonatal infection; both cases had normal BPPs. The sensitivity, 
specificity, positive predictive value, and negative predictive 
value of the BPP for infection were 80%, 97.6%, 92.3%, and 
93.3%, respectively. The sensitivity, specificity, positive pre- 
dictive value, and negative predictive value of the Gram stain 
were 60%, 81.3%, 52.9%, and 85.3%, respectively, whereas 
those of the amniotic fluid cultures were 60%, 86%, 60%, and 
86%, respectively. The authors concluded that in preterm 
PROM daily BPPs are more efficacious than amniocentesis on 
admission in selecting those patients who either have or will 
develop intra-amniotic infection and therefore require prompt 
delivery. Importantly, the fetal BPP is simple, noninvasive, can 
be repeated daily, or even more frequently and is applicable to 
all patients. Vintzileos and coworkers (80) managed 73 
consecutive patients with PROM with daily BPPs in an attempt 
to determine whether daily BPPs improved pregnancy out- 
comes. The pregnancy outcome of this group was compared 
with the outcomes of two other historic groups: 73 consecutive 
patients with PROM in the first control group were managed 
conservatively while the 73 consecutive patients with PROM in 
the second control group were managed with amniocentesis 
on admission. Maternal and neonatal infection rates, as well as 
low 5-minute Apgar scores were significantly less in the study 
group than among controls. The percentage of mother—infant 
pairs who developed infection in the study group (10.9%) was 
significantly less than that in the control group (30.1%). Clinical 
amnionitis was reduced from 20.5% to 5.4%. The frequencies of 
possible neonatal sepsis and neonatal sepsis were also lower in the 
study group compared with the control group (5.4% vs. 13.6% 
and 1.3% vs. 9.5%, respectively). The study group also had 
significantly less neonatal sepsis (1.3% vs. 12.3%). The authors 
concluded that the use of amniocentesis may decrease the 
incidence of clinical amnionitis, but it does not improve the 
neonatal infection outcome. The neonatal infection outcome 
was, however, reduced by using daily biophysical assessment. 
In order to investigate the role of fetal acidemia in causing 
diminished biophysical activities in the setting of subclinical 
infection and PROM, Vintzileos and coworkers (81) per- 
formed a prospective evaluation of 53 consecutive patients 
with preterm PROM who were delivered solely on the basis of 
an abnormal fetal biophysical assessment. Fetal acidemia at 
birth was defined as cord artery pH <7.20. Of the 53 fetuses, 19 
developed no maternal or neonatal infection and none was 
acidemic at birth. Seventeen fetuses developed possible 
neonatal sepsis and none was acidemic at birth. Fifteen fetuses 
developed neonatal sepsis and only five were acidemic at birth. 
Two fetuses developed clinical amnionitis and only one was 
acidemic at birth. While fetal acidemia could explain the 
diminished fetal biophysical activities in 5 of the 15 fetuses 
who developed neonatal sepsis and in 1 with clinical 
amnionitis, this mechanism could not explain the compro- 
mised biophysical activities in the remaining 10 fetuses 
with neonatal sepsis and in all 17 fetuses who developed 
possible neonatal sepsis. A possible explanation for the 
diminished biophysical activities of the infected non-acidemic 
fetus may be an increased production of prostaglandins, 
particularly interleukin-1. Interleukin-1, the main fever 
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mediator, induces changes in the electroencephalogram that 
may be responsible for the decreased motor activity during 
fever in both animals and humans (82). Since interleukin-1 is 
capable of stimulating prostaglandin production from macro- 
phages and other cell types, it has been suggested that this 
may be responsible for the decrease in fetal breathing 
observed not only prior to labor but also in the setting of 
subclinical infection. This increased prostaglandin secretion 
may directly inhibit the fetal CNS centers or may 
indirectly lead to increased peripheral vascular resistance 
through vasoconstriction of the umbilical and chorionic 
vessels (83,84). Since there are experimental data to suggest 
that prostaglandins increase placental vascular resistance 
through vasoconstriction of umbilical and chorionic vessels, 
the relationships among umbilical artery velocimetry, the fetal 
BPP, and placental inflammation in patients with PROM have 
also been investigated (85). The study population involved 28 
consecutive patients with preterm PROM who were followed 
with daily fetal BPPs and umbilical artery velocimetry. After 
delivery, placental pathologic examination for evidence of 
inflammation was performed in all cases. When only the last 
examination, within 24 hours of delivery, was considered, 
patients with placental inflammation (choriodeciduitis, umbi- 
lical and/or chorionic vasculitis) had higher mean umbilical 
artery Doppler systolic/diastolic (S:D) ratios (2.92 + 0.62 vs. 
2.29 + 0.25) and lower biophysical scores (6.2 + 2.3 vs. 9.1 + 2.1) 
compared with those without evidence of placental inflamma- 
tion. It should be noted that the mean S:D ratio value 24 hours 
prior to delivery in cases with placental inflammation was 2.92, 
which is not necessarily higher than the normal range. Fetuses 
with placental infection increased their S:D ratio during the last 
24 hours prior to delivery approximately 30% (which was 
statistically significant) over the mean value of the preceding 
days. These data suggest that larger studies are needed to more 
accurately determine the value of the longitudinal trend in 
Doppler velocimetry indices in regard to being additional 
noninvasive means of identifying subclinical intra-amniotic 
infection. The increase in umbilical vascular resistance supports 
a role for vasoactive substances, such as prostaglandins, as 
mediators of infection causing vasoconstriction of umbilical 
and chorionic vessels. This increase in vascular resistance may 
compromise uteroplacental circulation and diminish biophy- 
sical activities prior to the development of fetal acidemia. 


CONCLUSIONS 

Antepartum fetal surveillance has led to a reduction in 
perinatal mortality. The techniques described in this chapter 
are now widely accepted and almost universally used. A clear 
understanding of the physiologic basis for these tests and of the 
pathophysiology of the conditions that can cause fetal death or 
intrauterine hypoxia is crucial to appropriate application of 
these surveillance methods. Unfortunately, there will still be 
some causes of death that cannot be predicted or prevented 
using these methods. 
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69 Amnioinfusion 


James Kerns, Erol Amon, and Hung N. Winn 


INTRODUCTION 

Amnioinfusion is a technique in which a crystalloid solution, 
usually normal saline, is instilled into the amniotic cavity to 
replace amniotic fluid, which may be absent or low. This 
technique has been employed with increasing frequency and 
interest during the past three decades. It is used most often 
during the intrapartum period to prevent, decrease, or 
eliminate variable decelerations (1-5). During the antepartum 
period, amnioinfusion is used less frequently. It is mainly used 
in this setting to facilitate evaluation of fetal anatomy, less 
commonly in attempts to reduce fetal complications from 
prolonged oligohydramnios, and rarely to prevent infectious 
complications from preterm premature rupture of the 
membranes (PROM) (6-10). 


PATHOGENESIS AND CLINICAL ASPECTS OF 
OLIGOHYDRAMNIOS 

Near the end of the first trimester, the amnion and chorion 
fuse to create the amniotic cavity, which contains approxi- 
mately 50mL of amniotic fluid. In early pregnancy, the 
amniotic fluid is primarily the product of maternal transudate 
through the amniotic membranes. By the 16th week of 
gestation, the amniotic fluid volume is mainly regulated by the 
processes of fetal urination and fetal swallowing. As the 
pregnancy progresses, the normal amniotic fluid volume 
rapidly increases to a maximum (range 0.5—2.0liters, 95% 
confidence interval) at about 34 weeks of gestation. The 
volume then normally decreases as a natural progression (11). 

Oligohydramnios can result from 


1. any condition that prevents the formation of urine 
or prevents the entry of urine into the amniotic sac, 
including bilateral renal agenesis, bilateral multi- 
cystic dysplastic kidneys, infantile polycystic kidney 
disease, and complete lower tract obstructive 
uropathies; 

2. uteroplacental insufficiency, particularly in the 
setting of fetal growth restriction (FGR); 

3. post-term pregnancies; 

4. rupture of membranes (ROM); 

5. prolonged maternal use of indomethacin or other 
nonsteroidal anti-inflammatory drugs; 

6. abdominal pregnancy; and 

7. reasons unknown, that is, idiopathic. 


The amniotic fluid environment is necessary for normal 
fetal growth and development, as evidenced by fetal lung 
hypoplasia and deformations in the case of Potter’s syndrome. 
Pulmonary hypoplasia may well develop if prolonged 
oligohydramnios (>2 weeks) secondary to preterm PROM 
occurs prior to 24 weeks of gestation. The earlier the 


gestational age when the premature ROM occurs, the greater 
the incidence of lung hypoplasia (12). Oligohydramnios 
predisposes to umbilical cord compression, which can lead 
to fetal hypoxia if resultant interference with blood flow is 
severe, repetitive, and prolonged. 

Clinical management involves obtaining a patient’s history 
to determine: 


1. leakage of amniotic fluid; 

2. risk factors for FGR such as smoking, drug abuse, 
severe diabetes, or cardiovascular disorders; 

3. medication history; and 

4. family history of congenital anomalies, especially 
urinary tract abnormalities. 


Physical examination may reveal the fundal height to be less 
than expected, leakage of amniotic fluid from the cervical 
canal, and/or positive tests for ROM. Fetal heart rate 
monitoring may reveal variable or prolonged decelerations. 

Ultrasound evaluation is essential in assessing the amniotic 
fluid volume and fetal anatomy. Occasionally, amniocentesis 
with injection of indigo carmine dye may be necessary to 
diagnose ROM, especially when there is a history of leakage of 
fluid in the absence of confirmatory findings. 

Ultrasound evaluation of the amniotic fluid includes the one 
largest vertical pocket and the amniotic fluid index (AFI). The 
latter is a summation of the highest vertical dimensions of 
the four quadrants of the uterine cavity. Oligohydramnios exists 
if the AFI is less than 5cm. If the vertical dimension of the largest 
pocket of fluid is <1cm, severe oligohydramnios is present. 

The initial step in the clinical management of oligohy- 
dramnios is to determine the etiology. Management is then 
based on gestational age, maternal health, fetal diagnosis and 
prognosis, and the patient and family’s concerns. 


INDICATIONS FOR AMNIOINFUSION 

General Overview 

Amnioinfusion is generally classified according to the 
pregnancy status as antepartum or intrapartum. The proce- 
dure is performed either transcervically or transabdominally. 
Its purpose can be diagnostic, therapeutic, or prophylactic. 

During the antepartum period, amnioinfusion may be used 
transabdominally to improve sonographic imaging, to obtain 
fluid for culture, to obtain fetal cells for karyotyping, and to 
restore adequate levels of fluid to reduce the likelihood of lung 
hypoplasia and arthrogryposis. 

During the intrapartum period, amnioinfusion may be dia- 
gnostic (instilling and aspirating fluid to evaluate the micro- 
biology of in utero infections), therapeutic (to alleviate cord 
compression), or prophylactic (selected cases to decrease the 
incidence of meconium aspiration syndrome). 
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Antepartum Indications: Diagnostic 

Oligohydramnios poses a diagnostic challenge for the 
physician, as the differential diagnosis is broad. Etiologies 
may include urethral outflow obstruction, absent or dimin- 
ished renal function, PROM, FGR, congenital malformations, 
or chromosome anomalies. Conventional sonographic ima- 
ging may prove inadequate to view the fetal anatomy, owing to 
the absence of a satisfactory acoustic window. Fetal position- 
ing, including crowding of small parts, may also impair 
visualization. Therefore, diagnostic imaging is an important 
step prior to selecting a course of therapy. 

In 1988, Grembruch and Hansamnn described transabdom- 
inal amnioinfusion to improve ultrasound imaging (13). Quetel 
et al. used amnioinfusion in patients with oligohydramnios and 
were able to provide an adequate acoustic window and perform 
a comprehensive ultrasound evaluation (10). They confirmed 
the diagnosis of ruptured membranes by transabdominal 
instillation of indigo carmine and observed the passage of blue 
dye into the vagina. Fluid could be aspirated during the 
amnioinfusion procedure for evaluation and the cells cultured 


for karyotyping. 


Antepartum Indications: Therapeutic 

Fisk and colleagues (8) performed serial amnioinfusion in a 
few selected cases and found that they could avert lung 
hypoplasia. Serial infusions were initiated as soon as feasible 
after the diagnosis of oligohydramnios was made and 
terminated after the canalicular phase of lung development 
was complete. In the setting of PROM, some investigators 
demonstrated that successful amnioinfusion resulted in 
prolonged gestation, improved neonatal outcome, reduced 
incidence for pulmonary hypoplasia, and fewer abnormal 
neurologic sequelae compared with those patients with 
persistent oligohydramnios (14,15). However, the Cochrane 
Collaboration review concluded that there was too little 
evidence to show the beneficial effects of amnioinfusion to the 
fetus following PROM (16). Since pulmonary hypoplasia 
remains the most common cause of neonatal death following 
vesico-amniotic shunting for obstructive uropathy, serial 
amnioinfusion may improve the neonatal outcomes for this 
condition. 

Antepartum amnioinfusion has been proposed to improve 
the success rate of external cephalic version. Benifla et al. 
instilled about 800mL of solution transabdominally into the 
amniotic cavity of the patients who had failed standard 
attempts at external version. In each case, (n = 6), a successful 
external version resulted after the amnioinfusion (17). 
However, others found that transabdominal amnioinfusion 
of 1000mL of solution into the amniotic cavity did not 
improve the successful external version (n = 7) (18). The 
Cochrane Collaboration review concluded that there was too 
little evidence to show the benefit of transabdominal 
amnioinfusion in external cephalic version (19). 


Intrapartum Indications: Diagnostic 

An indwelling, intrauterine, fluid-filled pressure catheter was 
initially introduced to monitor uterine tone and uterine 
activity. The diagnostic use of this medical device has been 
expanded. In the clinical setting of chorioamnionitis, fluid may 
be aspirated from a catheter port for Gram-stain evaluation 
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with or without culture and sensitivity, as clinically indicated. 
A paucity of amniotic fluid may be detected at the time of 
amniotomy. This could signify thick meconium or oligohy- 
dramnios. 


Intrapartum Indications: Therapeutic 
Using pregnant monkeys, Gabbe and coworkers demonstrated 
that removal of amniotic fluid produced variable decelera- 
tions, which were subsequently eliminated when the fluid 
volume was restored (20). Many have reported that a similar 
mechanism of using fluid as an umbilical cord cushion, via 
transcervical amnioinfusion in the setting of oligohydramnios, 
results in a significant improvement in variable and prolonged 
decelerations, which do not otherwise respond to conventional 
methods (intravenous fluids, repositioning, O2 administra- 
tion, and manipulation of the presenting fetal part). 
Accurate measurement of the amount of fluid retained is 
difficult, because unknown quantities of fluid may leak out 
during transcervical therapy. Serial ultrasound evaluation of 
the AFI may be useful in assessing the change as a guide for 
further infusion therapy including avoiding polyhydramnios 
(2,3,10,21). It is important to define the end point of the 
amnioinfusion such as AFI of 8cm, total volume of solution 
infused, total rate infused, or the resting tone of the uterus. 


Intrapartum Indication: Prophylactic 

Oligohydramnios in the setting of structurally normal fetuses 
occurring in the intrapartum period may be caused by 
membrane rupture, FGR, or postdates. With the loss of the 
amniotic fluid cushion, there is an increased risk of cord 
compression, which may lead to variable or prolonged 
decelerations. These decelerations may be associated with 
hypoxia and acidosis. Using amnioinfusion, variable decelera- 
tions have been eliminated or reduced in frequency or severity 
during the first and second stages of labor, thereby reducing 
the associated hypoxia and acidosis and leading to an 
improved fetal acid—base status at delivery (2,4,5,20). 

With prophylactic restoration of amniotic fluid volume at 
term, Strong and colleagues (3,21) reported a decreased 
incidence of meconium aspiration syndrome, severe variable 
decelerations, end-stage bradycardia, operative delivery for 
fetal distress, and low umbilical artery pH values. Other 
investigators (21-24) concluded that amnioinfusion prophy- 
laxis at 36 weeks or greater in patients with membrane rupture 
and oligohydramnios (AFI <5cm) resulted in reduced 
intrapartum morbidity, decreased rates of cesarean delivery, 
and decreased episodes of fetal intolerance to labor. They also 
concluded that there were improved umbilical cord gas values, 
neonatal outcomes, and improved Apgar scores. 

The presence of meconium may be the natural response of 
the gastrointestinal system to maturation. It may also be the 
response of the fetus to a stressful condition such as hypoxia, 
acidosis, or vagal stimulation. Generally, these etiologies are 
distinguished by the normality of the fetal heart rate pattern, 
with completely normal patterns being indicative of normal 
maturation. 

Meconium has been associated with increased perinatal 
morbidity and mortality, especially due to aspiration of 
meconium-stained amniotic fluid. Meconium aspiration 
syndrome, defined as respiratory distress requiring mechanical 
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ventilation in a neonate with meconium aspiration, carries a 
mortality rate of approximately 25% and accounts for about 
2% of all perinatal deaths. The passage of meconium in utero 
occurs in 8% to 16% of all deliveries; however, meconium 
aspiration syndrome occurs in only 1% to 3% of all cases of 
meconium-stained fluid (25). Meconium aspiration may 
occur before or during labor, or during the process of delivery. 
When meconium is aspirated into the lower respiratory tract, 
mechanical obstruction and chemical inflammation may 
occur. 

Prior to the use of amnioinfusion, combined obstetric and 
pediatric suctioning of the neonate’s airway during and after 
delivery was the mainstay of preventing meconium aspiration 
syndrome. This technique, as described by Carson and 
colleagues (26), was reported to decrease the frequency of 
meconium aspiration syndrome, assuming the aspiration 
occurred during the delivery process. 

Some investigators reported amnioinfusion’s beneficial 
effects in laboring patients who had meconium and oligohy- 
dramnios. Amnioinfusion resulted in a decreased incidence of: 


1. l- and 5-minute Apgar scores <7; 

2. meconium visualized below the cords and in the 
oropharynx; 

3. the presence of thick meconium in selected clinical 

settings; 

umbilical arterial cord pH values <7.20; 

intrapartum fetal distress; 

operative delivery for fetal distress; 

cesarean delivery rates; and 

need for positive pressure ventilation of the newborn 

(27-29). 
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It was noted that the rates of cesarean delivery for arrest 
disorders were similar in the amnioinfusion and the control 
groups. 

The Cochrane Collaboration recent review concluded that 
amnioinfusion during labor for meconium-stained amniotic 
fluid showed (i) no improvement in the perinatal outcomes if 
the labor and delivery unit has adequate monitoring of fetal 
condition and (ii) a significant improvement in the perinatal 
outcomes if the labor and delivery unit has limited capacity in 
monitoring fetal conditions during labor (27). 

In summary, amnioinfusion provides an additional ther- 
apeutic option in labor to treat patients experiencing variable 
and prolonged decelerations that are unresponsive to conven- 
tional methods. Amnioinfusion also allows for prevention of 
fetal heart rate—related complications when used prophylacti- 
cally in the intrapartum setting of oligohydramnios (30). 


CONTRAINDICATIONS 
In general, absolute contraindications to vaginal delivery are 
also absolute contraindications to intrapartum transcervical 
amnioinfusion. These include placenta previa and prior 
ruptured uterus. Other contraindications include conditions 
in which there would be no fetal benefit, such as lethal fetal 
anomalies and fetal death. The relative contraindications are 
listed in Table 1. 

Clear evidence of impending fetal hypoxia or acidosis 
generally requires expedient delivery rather than temporization 
with amnioinfusion. Maternal exclusions include maternal 
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Table 1 Relative Contraindications to Amnioinfusion 


Uterine anomalies 

Chorioamnionitis 

Maternal heart disease class II, III, IV 
Fetal growth restriction 

Fetal malformations 

Malpresentation 

Classical or unknown cesarean section scar 
Abruptio placentae 

Multi-fetal gestation 


heart disease (New York Heart Association functional 
classification II or greater), as noted by Sadovsky and colleagues 
due to potential fluid overload from absorption (29). 
Abnormal uterus such as septate uterus may be less distensible 
and less pliable to amnioinfusion, thus less timely change in the 
pressure-volume curve. Whether chorioamnionitis is a contra- 
indication is controversial, since some consider this condition 
to be an indication. 


PROTOCOLS 
A variety of protocols for amnioinfusion have emerged, all of 
which have common elements and guidelines. The common 
elements can be divided into pre-infusion preparation and 
evaluation, infusion equipment and monitoring, and post- 
infusion evaluation. The common guidelines are patient 
education and nursing in-service, evaluation of equipment, 
defining eligibility for infusion, and delineating the limits of 
the infusion. The ideal protocol defining the recommended 
infusion technique and rate has not been established. Various 
protocols are available, with variations defined by different 
authors for their own purposes. No controlled study has 
demonstrated the superiority of any given protocol. 

In general, an eligible patient, during labor, has one or more 
of the following indications: 


1. Variable deceleration with or without oligohydram- 
nios; 

2. Meconium amniotic fluid at term with limited 
monitoring capability; 

3. Oligohydramnios either at term or preterm as a 
result of ROM; and/or 

4. Oligohydramnios with intact membranes. 


Variable decelerations, as previously discussed, are attrib- 
uted to cord compression, with multiple studies showing that 
relieving the cord compression and improving the oxygen 
delivery to the fetus improve the intrauterine environment and 
the neonatal outcome. 

The recommended protocol may include the following: 


1. Informed consent concerning the clinical setting, 
risks and benefits, and alternatives. Oral consent 
may be legally sufficient, but it is best followed by 
written consent for amnioinfusion and cesarean 
delivery, if indicated. 

2. A pelvic examination is performed to verify 
presentation, absence of cord prolapse, cervical 
dilatation and effacement, and fetal station. 

3. Membrane rupture should be confirmed prior to 
transcervical amnioinfusion. An internal fetal heart 
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rate electrode and an intrauterine pressure catheter, 

the latter ready for amnioinfusion, should be placed 

appropriately. 

4. Some authors perform ultrasound for amniotic 
fluid volume index at the start as well as serially, but 
this may be unnecessary. Strong and coworkers (21) 
showed that 250mL of infusion into a relatively 
closed system increases the amniotic fluid volume 
index by 4 to 4.3cm (range 0-7.7 cm). 

5. The intrauterine catheter system chosen should be 
able to monitor intrauterine pressure and instill 
amniotic fluid. 

6. The fluid chosen for infusion is either normal saline 
or lactated Ringer’s. 

7. Consider warming the infusion to 37°C for the 
preterm fetus or rapid infusion. 

8. Infuse normal saline at a rate of 10 to 14mL/min. 
If a faster rate is carried out (e.g., 15-25mL/min 
by gravity), then warming the fluid to 37°C is 
recommended. The initial infusion volume is 
generally 500 to 600mL. Some recommend stop- 
ping the infusion after a bolus, while others 
recommend continuous infusion at a lower rate 
(2-3mL/min). 

9. End points for the infusion are individualized, 
based on experience and the purpose to be 
achieved. These include: 

(a) a predetermined volume of 600 to 1000 mL; 

(b) resolution of variable decelerations; 

(c) an AFI of 8 to 10cm; and 

(d) a slow continuous irrigation and lavage at 2 
to 3 mL/min, as long as fluid is continually 
draining out of the uterus. 

10. If sonographic monitoring is available, the following 
guidelines are recommended: 

(a) If AFI >10cm, no additional bolus is recom- 
mended. 

(b) If AFI is 5 to 10cm, a second bolus of 250mL is 
added and reassessment by sonogram is con- 
ducted. 

(c) If AFI <5cm, a second bolus of 500mL is added 
and reassessment by sonogram is conducted. 

11. Periodic re-bolus with 500 to 600mL of fluid every 
6 hours or a constant low infusion rate of 2 to 
3mL/min may be used, depending on uterine tone 
and AFI. 

12. Periodic assessment of the fetal heart rate pattern, 
uterine tone and activity, volume infused, vaginal 
leaking, and progress of labor is necessary. 

13. Evaluation for complications. 


Meconium-staining amniotic fluid presents potential me- 
conium aspiration and the meconium aspiration syndrome. 
Amnioinfusion is effective in diluting meconium but may not 
reduce the incidence of the neonatal sequelae. 

Preterm PROM presents two major concerns, namely, 
potential cord compression with its sequelae and intrauterine 
infection. There should be a low threshold to initiate 
therapeutic amnioinfusion and systemic chemoprophylaxis 
in the appropriate clinical setting. 
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Oligohydramnios at term, with membrane rupture occur- 
ring during labor, subjects the fetus to the potential of cord 
compression and its sequelae. The protocol recommended is 
the same as that for variable decelerations. 


COMPLICATIONS 
The adverse effects and potential complications of amnioinfu- 
sion are summarized in Table 2. 

In a survey, 26% of centers reported at least one associated 
complication. The most frequent complication was uterine 
hypertonus (14%), followed by fetal heart rate abnormalities 
(9%) (30). 

Although Posner and colleagues (31) found no change in 
uterine tone with controlled volumes of amnioinfusion and 
monitoring, they did report polyhydramnios with over- 
infusion. Two cases of polyhydramnios with uterine tender- 
ness, one initially thought to be placental abruption (32) and 
the other with elevated uterine tone and fetal bradycardia 
from the amnioinfusion (33), were reported. In both cases, 
when the excess fluid was removed, the elevated uterine tone 
and uterine tenderness were relieved. In the case reported by 
Tabor and Maier, the bradycardia resolved after the excess 
fluid was removed (33). Over-distension and elevated uterine 
tone from amnioinfusion could disrupt a previous cesarean 
section scar. One case of a disrupted uterine scar was noted 
during a repeat cesarean delivery in which there was no 
resolution of the variable decelerations with amnioinfusion (1). 
Strong and colleagues (34) reported no change in the incidence 
of uterine scar disruption. 

One case of cord prolapse was reported, but it was the 
same case in which the delivery was assisted by mid-forceps. 
No difference in the incidence of nuchal cords was 
demonstrated (31). 

Miyazaki and Taylor (1) noted one case of fetal bradycardia, 
which occurred during rapid infusion of room temperature 
fluid (400mL over 8 minutes). The proposed mechanism was 
sudden chilling, leading to vasoconstriction, hypertension, and 
reflex bradycardia in the fetus. They noted no episodes of 
bradycardia when the infusate was warmed to 37°C, regardless 
of the infusion rate. Thus, warming of the fluid appears 
unnecessary if the infusion rates are limited to 10 to 15mL/min 
or less. 

The rate of amnionitis as a result of amnioinfusion is 
variable (10,21). Patients with a higher rate of amnionitis also 
had more vaginal examinations. When this element was 
corrected, the rate was not significantly different from that 
of the control (non-infused) group (29). The majority of 
investigations reported no significant change in the rates of 
amnionitis associated with amnioinfusion. 


Table 2 Complications of Amnioinfusion 


Potential neonatal electrolyte imbalance 
Potential neonatal hypothermia 
Umbilical cord prolapse 

Acute polyhydramnios 

Fetal bradycardia 

Elevated uterine tone 

Previous cesarean section scar disruption 
Amnionitis/endometritis 

Amniotic fluid embolus 


AMNIOINFUSION 


Nageotte and coworkers (4) noted that there were no 
significant differences in the basic electrolytes (Na, K, Cl, and 
CO) in newborns delivered following amnioinfusion as 
compared with those not subjected to amnioinfusion. The 
infusate used in this study was normal saline. 

No conclusive evidence of the effect of amnioinfusion on the 
length of labor is available. The evidence presented by Strong 
and colleagues (3) suggested that there was a significant increase 
in the length of labor from 10.1 + 6.5 to 16.8 + 12.1 hours in 
their group, whereas Schrimmer and coworkers (5) reported a 
shorter duration of labor in their group of patients. Macri and 
colleagues (35) noted no significant change in the lengths of 
labor between the control group and the amnioinfusion group. 

Dibble and Elliott (36) reported possible amniotic fluid 
embolus in two cases following amnioinfusion. No direct 
association was made to this rare pregnancy complication and 
amnioinfusion. They proposed that these two cases were mild 
because of the dilutional effect of the infusate on the 
particulate matter in the amniotic fluid. Other authors have 
also reported maternal respiratory distress in association with 
amnioinfusion (37,38). 


CONCLUSIONS 
Amnioinfusion is useful during the intrapartum period for 
relief of variable and prolonged decelerations, and obtaining 
fluid for evaluation of meconium staining and microbiology. 
Amnioinfusion in the antepartum period may be useful in 
improving the ultrasound image, obtaining fluid for karyotype 
or culture and restoring fluid volume to decrease the 
likelihood of lung hypoplasia, arthrogryposis, or other fetal 
compression disorders in the setting of oligohydramnios. 
Amnioinfusion has been an established part of the clinical 
management of complicated obstetric patients. 
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INTRODUCTION 

The effects of pregnancy on the immune system are intriguing 
and clinically recognizable. A viral pharyngitis in pregnancy 
may persist for weeks on end while fulminate vulvar 
condyloma may suddenly regress in the postpartum period. 
At first glance, these changes seem to defy logic. Why does 
multiple sclerosis improve in pregnancy (1), while an active 
lupus flare is fueled? (2). Why does ankylosing spondylitis 
worsen (3), yet rheumatoid arthritis improves (4)? 

Deepening the mystery is the remarkable coexistence of the 
fetus—a semi-allograph recognized by the maternal immune 
system—living freely within the maternal host without 
rejection. This phenomenon first caught the attention of 
Nobel laureate Sir Peter Medawar over 50 years ago, 
prompting him to advance his now-famous four nonexclusive 
postulates about maternal—fetal tolerance: (i) the fetus may not 
be immunogenic, (ii) the uterus may be immunoprivileged, 
(iii) the placenta may be an immunologic barrier, and (iv) the 
mother may be immunosuppressed (5). From the time that 
Medawar first enunciated these postulates, rapid advances in 
maternal—fetal immunology have evolved, giving great hope 
for an approaching era of practical clinical application. 

The immune system is an exceptionally complex and 
elegant network of cells, cytokines, chemokines, antibodies, 
and regulatory proteins. Because of this complexity, it is useful 
to artificially partition the immune system to facilitate study 
and dialog. The broadest categories have been classically 
described as the immune system’s innate and adaptive arms. 
The cellular constituents of these arms are summarized in 
Table 1. 


THE INNATE ARM OF THE IMMUNE SYSTEM 

The innate arm of the immune system is the first line of 
defense and includes (i) epithelial cells, (ii) macrophages, (iii) 
neutrophils, (iv) natural killer (NK) cells, and (v) comple- 
ment. Innate sentinel cells include epithelial cells and 
macrophages that sample the local environment and rapidly 
respond when pathogens are detected. Neutrophils and NK 
cells are the primary effector cells of the innate immune 
system. Eosinophils and basophils play an important role in 
allergic and parasitic infections and will not be discussed in 
detail in this chapter. Serum complement does just that— 
“complement” immune processes by weakening or marking 
pathogens for destruction. 


Epithelia 

The epithelial barrier to the environment provides the first line 
of defense against the intrusion of pathogens. Some epithelia, 
such as endometrium, possess the ability to synthesize and 
secrete cytokines, and to process and present antigens to 
adaptive immune cells, driving proliferation of autologous 


lymphocytes (6). Endometrial epithelial cells possess special 
pattern recognition receptors (PRRs) called Toll-like receptors 
(TLRs) that recognize “pathogen-associated molecular pat- 
terns” (PAMPs) (7). Different TLRs recognize various PAMPs, 
and their expression is highly tissue specific. TLRs are found in 
epithelial urogenital tissues, professional antigen-presenting 
cells (such as macrophages and dendritic cells), and tropho- 
blast-derived tissues such as placenta and amnion (8). 


Complement 

Complement is a collection of serum proteins that bind 
pathogens, leading to immediate destruction, opsonization, or 
chemotaxis. Once activated, factors remain bound to the 
pathogen (i.e., factor C3b) or released locally for neutrophil 
chemotaxis (i.e., factor C3a). Complement is activated 
through multiple mechanisms resulting in the formation of a 
“C3 convertase” (Fig. 1): (i) it is activated by antibodies 
present on pathogens through factor Clq (the “classical” 
pathway); (ii) it binds directly to the pathogen through factor 
C3b (the “alternative” pathway), or (iii) it is activated by the 
terminal mannose of bacterial N-acetyl glucosamine through 
mannose-binding protein (the “lectin” pathway). The pre- 
sence of C3b then opsonizes organisms for phagocytosis by 
neutrophils and macrophages. In some cases, such as with 
Neisseria sp., complement also forms a multicomponent 
membrane attack complex (MAC) that leads to direct 
perforation and lysis of the organism (9,10). 

Maternal complement levels in pregnancy are similar or 
greater than those of nonpregnant controls (11). Because of 
the potential of activation of complement by maternal 
antibodies toward paternal antigens, the trophoblast must 
have a mechanism in place to inhibit this process. At least three 
important complement regulatory proteins are expressed by 
the trophoblast as early as 6 weeks of gestation: decay- 
accelerating factor (DAF, CD55) (12), membrane cofactor 
protein (MCP, CD46), and CD59. 

DAF inhibits formation and accelerates decay of C3/C5 
convertase, which inhibits the alternative pathway. MCP is an 
intrinsic-acting protein that binds efficiently to C3b attached 
to other molecules on the cell surface (13). MCP then cleaves 
the C3b or C4b components of complement to their inactive 
derivatives, which inhibits the classical complement pathway. 
Finally, CD59 inhibits the final common component of both 
complement pathways—the MAC. CD59 is expressed in 
greater amounts than either DAF or MCP, although the 
absence of CD59 is compatible with successful pregnancy, 
indicating that MCP and DAF are able to compensate for a 
lack of CD59. 

Expression of all three proteins occurs on the terminally 
differentiated syncytiotrophoblast that is in direct contact with 
maternal blood. Villous cytotrophoblast cells express CD59 
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Table 1 Commonly Encountered Cytokines 


Cytokine 
IL-1B 
IL-2 

IL-4 


IL-5 
IL-6 


IL-10 
IL-12 
IL-13 
IL-17A 
TGEB 


IFNy 
TNE 


Chemokine 
IL-8 (CXCL8) 


RANTES (CCLS5) 
MCP-1 (CCL2) 
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Origin 

Epithelium, macrophages, 
neutrophils 

T-cells 

T-cells (Th) 

T-cells (Th) 

Epithelium, macrophages, 
T-cells 

Activated T-cells and 
monocytes 

Macrophages and dendritic 
cells 

T-cells (Th) 

T-cells (Th,7) 

T-cells (Treg) 


T-cells (Thi), NK cells 
Epithelium, macrophages, 
T-cells 


Epithelium, endothelia, 
macrophages 

Epithelium, T-lymphocytes 

Macrophages, monocytes. 
endothelium 


Classical 
pathway 


C3 convertase 
Ss 
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Function 


Stimulates T- and B-lymphocytes; makes B-cells responsive to IL-5 and T-cells 
responsive to IL-2 

Autocrine stimulation of T-cells 

Differentiation of naive T-helper cells into Th, cells 

Stimulates B-cell growth and increases immunoglobulin secretion 

Stimulates acute phase response; differentiation of B-cells (IgG1 antibody) and 
T-cells (cytotoxic and Thy, types) 

Downregulates function of Th, and Thy cells 


Induces synthesis of IFNy, IL-2, and TNF by Th, cells; reduces synthesis of IL-4, 
IL-5, and IL-10 by Thy cells 

Induces IgG4 and IgE isotype switching in human B-cells 

Induces epithelia and macrophages to produce IL-6, IL-8, TNF, and TGFB 

Inhibits activation of lymphocytes and monocytes, promotes differentiation of 
Treg cells and Th, cells, causes IgA isotype switching 

Increases MHC class I expression, promotes Th, differentiation, stimulates NK cells 

Stimulates acute-phase inflammatory response, is neutrophil chemoattractant, is 
synergistic with IL-6 and IL-1B 


Attracts neutrophils 


Attracts T-cells, eosinophils, basophils 
Attracts monocytes/macrophages 


Lectin 
pathway 


C3 convertase 


pP, 


Alternative 
pathway 


Factor B 


Figure 1 Complement pathways. All three pathways result in the formation of C3 convertase, which catalyzes C3 to split into C3b (binds pathogens) and C3a 
(chemotactic for neutrophils). Through the classical pathway, component C1q binds to antibodies on the bacterial cell surface, catalyzing C4b and C2 to combine 
into C3 convertase. Through the lectin pathway, mannose-binding lectin (MB lectin) binds mannose on the bacterial surface, catalyzing C4b and C2 to combine into 
C3 convertase. Through the alternative pathway, free factor C3b combines with factor B and factor D to form a C3 convertase. 
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Table 2 Cells of the Innate and Adaptive Arms of the Immune System 


Innate immune system 
Epithelium 
Macrophages 
Neutrophils 
NK cells 
B-1 cells 
yoT-cells 
Adaptive immune system 
Cytotoxic T-cell 
T-helper (Th) cells 
Th, 
Th, 
Treg 
Thy 
B-cell 
Dendritic cell 


Abbreviations: PRR, pattern recognition receptors; NK, natural killer. 


but are largely devoid of MCP and DAF after 8 weeks of 
gestation. Proliferation of this population to generate invasive 
cytotrophoblast cell columns is associated with continued 
expression of CD59 and an increased expression of DAF and 
MCP (14,15). MCP is also expressed on the preimplantation 
embryo (16). 


Cytokines 

Cytokines are intracellular messengers of the immune 
response, triggering receptors on immune cells and local 
tissues that lead to downstream events such as cell differentia- 
tion, activation, and cytokine secretion. Chemokines—derived 
from the words chemotactic cytokines—are cytokines that play 
a primary role in chemotaxis. They summon specific immune 
cell populations into a tissue to engage a pathogenic threat. 
Cytokines form the communication network for the immune 
system and are produced and utilized by cells in both arms. A 
list of commonly encountered cytokines, their cell of origin, 
and their common function is listed in Table 2. 


Macrophages 

Macrophages are innate sentinel cells that function as effector 
cells against certain pathogens. As an innate sentinel, the 
macrophage detects pathogens using surface receptors such as 
the mannose receptor, scavenger receptors (which bind many 
charged ligands), TLRs, and CD14, a TLR-4 co-receptor that 
recognizes bacterial lipopolysaccharide (LPS). Once activated, 
macrophages generate large cytoplasmic granules containing 
oxygen free radicals, antimicrobial peptides, and lysozyme that 
destroy phagocytized pathogens. They also secrete many 
important index cytokines and chemokines, such as inter- 
leukin (IL)-6, TNF, and IL-8. 

The recognition of molecular patterns by sentinel cells 
should not be confused with antigen-initiated adaptive 
immune processes. The activation of the innate immune 
system does not directly lead to the development of 
immunologic memory. Activated sentinel cells release cyto- 
kines and chemokines. These cytokines and chemokines 
primarily recruit and activate innate effector cells, but they 
may also influence the process of antigen presentation to 
initiate adaptive processes (17). 


Initial barrier to pathogens; present antigen; contain PRRs 
Immune sentinel; kill pathogens; present antigen; contain PRRs 
Immune foot soldiers; kill opsonized pathogens 

Cytotoxic; kills infected cells in similar manner to cytotoxic T-cell 
Hybrid innate/adaptive B-cells; produce poly-reactive antibodies 
Hybrid innate/adaptive T-cells; T-cell receptors act like PRRs 


Cytotoxic lymphocyte; directly kills infected cells 
Cytokine-secreting lymphocytes; direct immune processes 
Promotes inflammation; produces IFNy and IL-2 

Promotes antibody responses; produces IL-4, IL-5, and IL-13 
Suppresses inflammation; produces IL-10 and TGFB 
Promotes inflammation; produces IL-17; recruits neutrophils 
Antibody-secreting lymphocyte; directed by Tho cells 
Professional antigen-presenting cell; programs T-lymphocytes 


Macrophages increase rapidly in number during early 
pregnancy, then remain relatively stable throughout gestation, 
representing 20% to 25% of CD45+ leukocytes and 10% of total 
decidual cells at the implantation site (18,19). Villous macro- 
phages have been demonstrated to secrete substances that 
promote the development of multinucleated syncytia from 
cytotrophoblast cells, which subsequently secrete human pla- 
cental lactogen and human chorionic gonadotropin (hCG) (20). 

Uterine macrophages are capable of presenting alloantigen 
and have a suppressive effect on mixed lymphocyte reactions 
and may contribute to protection of the fetus against 
immunologic rejection (21,22). This may be at least in part 
due to expression of indoleamine 2,3-dioxygenase (IDO), 
which is suggested to have an immunosuppressive role in 
pregnancy. They exhibit lower IL-1 expression when com- 
pared with their peripheral counterparts, are capable of 
inducing interferon (IFN)-y expression by NK cells, and 
secrete IL-10 (23,24). 

Uterine macrophages may also regulate the population of 
uterine NK (uNK) cells, influencing differentiation and 
activation status through the production of IL-15, which is 
secreted by uterine macrophages isolated from both early and 
term gestations (24,25). 


Neutrophils 

Innate effector cells include neutrophils, which are of 
myelocytic lineage. Neutrophils are hailed by activated 
macrophages using chemokines such as IL-8 or indirectly by 
a population of “helper” T-cells through IL-17 secretion (26). 
Once neutrophils arrive, they rely on antibody binding and/or 
complement activation on the pathogen surface to direct 
chemotaxis and bind and phagocytose pathogens. Antibodies 
produced by B-lymphocytes tag (opsonize) pathogens for 
destruction. Neutrophils then use CD16, the Fc antibody 
receptor, to adhere to the opsonized pathogen. 

The number of leukocytes in the peripheral blood increases 
during pregnancy, primarily due to an absolute increase in 
neutrophils (27). Peripheral neutrophils exhibit decreased 
lobularity index and myeloperoxidase activity at midgestation 
of normal pregnancy, suggesting a relative immaturity of the 
population as numbers increase (28). 
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Both neutrophils (29,30) and monocytes (31) display 
reduced chemotaxis, adherence, reactive oxygen metabolite 
release, phagocytosis, and microbial killing in pregnant 
compared with nonpregnant women. In seeming contra- 
diction to this, neutrophils in pregnancy circulate in a 
chronically active state. Although pregnancy neutrophils 
cannot be fully activated for oxidant production (29), their 
basal rate of unstimulated oxidant production is the same as 
that of LPS-treated nonpregnancy neutrophils (30). Thus, 
while the maximum potential for activation of resting 
pregnancy neutrophils is suppressed, they circulate in a 
baseline-activated state. 

Neutrophils have also been implicated in the process of 
cervical ripening and parturition (32,33). Chemotaxis to the 
cervix and lower uterine segment are actively promoted by 
myometrial and cervical factors, chiefly by liberation of IL-8 
and expression of cell adhesion molecules (34,35). The 
resulting infiltration of neutrophils leads to a release of local 
inflammatory cytokines (36,37) and proteolytic enzymes (38) 
that ripen the cervix and initiate parturition. 


NK Cells 

Innate effector cells include NK cells, which are of lymphocytic 
lineage. In contrast to other lymphocytes, NK cells do not 
possess the CD3 complex or clonally expand in response to 
antigen stimulation. NK cells do possess many activating and 
inhibitory receptors of two major structural classes, those of the 
immunoglobulin superfamily [killer immunoglobulin-like re- 
ceptors (KIRs) and LIRs] and of the C-type lectin-like family 
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Cytokines 
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(Ly49, NKG2D, and CD94/NKG2) (39). These receptors 
recognize cell surface molecules, such as major histocompat- 
ibility complex (MHC)-1 glycoproteins and their structural 
relatives. The balance between activating and inhibiting signals 
determines the behavior of the NK cell. If the balance favors 
activation, the NK cell kills the target cell in much the same way 
as a cytotoxic T-lymphocyte, by forming an immunologic 
synapse, perforating the target cell membrane, and infusing 
granzyme into the cell, which initiates apoptosis of the target cell. 

NK cell populations undergo marked changes in preg- 
nancy and can be divided into two distinct subsets (Fig. 2). 
The majority (90%) have low-density expression of CD56 
(CD56 dim) and express high levels of CD16, the immu- 
noglobulin receptor that is responsible for antibody-depen- 
dent cellular cytotoxicity. These are considered “peripheral” 
NK cells. The rest of NK cells (10%), so-called uterine NK 
cells or large granular lymphocytes, have high-density 
expression of CD56 (CD56 bright) with low levels of CD16 
(CD16 (-)) (40). 

Peripheral NK cells are notably decreased in number in the 
decidua during normal pregnancy (41). Classic circulating 
CD57+/CD16+ NK cells have a 25% to 30% decrease in 
cytotoxicity during normal pregnancy (42-48). The decrease 
can be measured not only by decreases in cytotoxicity assays 
but also by a decrease in the expression of activation markers 
CD69, CD25, CD71, and HLA-DR (49). Though baseline 
cytotoxicity is lower, these peripheral NK cells are able to 
respond to infection with similar efficacy to nonpregnant 
controls (50). 
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Figure 2 Differences between the CD56 dim peripheral NK cell and the CD56 bright uterine NK cell. The CD56 dim peripheral NK cell retains its cytotoxic ability 
through expression of CD16, a receptor that binds to the antibody heavy chain. By contrast, fewer than 15% of uterine NK cells express this receptor. Uterine NK 
cells are also highly granulated and produce more cytokines than their peripheral counterparts, suggesting a regulatory function. 
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Interestingly, peripheral NK cells maintain a nonpregnant 
phenotype during anembryonic gestations, ectopic pregnan- 
cies, and recurrent spontaneous abortions, all of which have 
been associated with increased NK activity (42,51,52). Thus, 
classic NK appear to have a differing phenotype in normal 
versus abnormal pregnancies and could serve as potential 
effector cells during the elimination of abnormal pregnancy. 

uNK cells with the phenotype CD56 bright/CD57-/CD16- 
are actively recruited to the endometrium and decidua during 
the late secretory phase of menstruation and early normal 
pregnancy (53-56) and remain in the decidua if implantation 
is successful (57). These cells comprise 70% to 80% of decidual 
leukocytes, but less than 1% of peripheral blood leukocytes, 
existing side by side at the trophoblast margin with 
macrophages (20% of leukocytes) and CD3+ T-cells (10% of 
leukocytes) (58,59). uNK cells possess the receptor for IL-15, 
which serves to activate them and promote their survival by 
increasing their expression of bcl-2 (60—63). IL-15 is expressed 
predominantly by the perivascular stromal cells surrounding 
spiral arteries during the mid to late secretory phase of the 
menstrual cycle and in early pregnancy (64). 

uNK cells are considered to be poorly cytotoxic, yet potent 
cytokine producers, in contrast to classic NK cells that display 
higher levels of cytotoxicity but are poor cytokine producers. A 
small fraction of uNK cells (10-15%) contain surface CD16 
detectable by flow cytometry (65). CD16 is an antibody 
receptor, and only CD16+ cells exhibit cytotoxicity, and thus 
most uNK cells lack cytotoxic capability (66). All uNK cells 
remain at the implantation site in high numbers during early 
gestation, decrease after 20 weeks of gestation, and are 
practically absent in term decidua (67-69). 

uNK cells are found in association with extravillous 
trophoblast in the placental bed (70). It has been suspected 
by some investigators that interactions between uNK cells and 
invading endovascular or perivascular trophoblast might 
promote spiral artery remodeling during human pregnancy. 
This suspicion is based on the close proximity of these uNK 
cells with spiral arteries and bolstered by placentation data 
from murine studies (71). However, in the human, trophoblast 
invasion along spiral arteries extends deeply into the inner 
myometrium, where uNK cells do not reside (72), and murine 
evidence that uNK cell production of IFNy promotes vascular 
remodeling remains to be established in the human (73). Thus, 
the role of uNK cells in the establishment of human 
hemochorial placentation is unclear. 


ADAPTIVE ARM OF THE IMMUNE SYSTEM 

The adaptive arm is the immune system’s “intelligent” 
response to specific pathogens. This response is antigen 
dependent, occurring over weeks rather than minutes as in 
the innate response. The advantage of this more slowly 
evolving process is that it has time to “learn” through 
experience, developing a highly specialized, targeted response 
to specific antigens that results in the development of 
immunologic memory. The adaptive immune system 
consists of antigen-presenting cells, antibody-producing 
B-lymphocytes, “cytotoxic” CD8+ T-lymphocytes, and a 
variety of “helper” CD4+ T-lymphocytes. The primary 
factors determining the developmental fate of naive T- and 
B-lymphocytes include the type of antigen-presenting cell 


and the assortment of cytokines present in the local 
microenvironment. Cytokines that direct the specific adap- 
tive response are primarily (but not exclusively) produced by 
T-helper (Th) lymphocytes and referred to as “Th” cytokines. 

A core assortment of T-helper cells have been identified 
based on their cytokine secretion profiles, each “Th” type 
serving a different immunologic function. The four most 
commonly described types of T-helper cells are the Th,, Tho, 
Treg, and Thy7 lymphocytes (Table 1). 

Th, lymphocytes promote cytotoxic cellular and antibody- 
mediated responses through secretion of the Th, cytokine 
IFNy. IFNy activates effector cells such as “cytotoxic” 
T-lymphocytes, NK cells, and macrophages. It also promotes 
the production of dendritic cell IL-12, which in turn stimulates 
Th, cells to auto-produce IFNy, reinforcing the phenotype. 
IFNy inhibits the Th. phenotype by downregulating IL-4 
production. IFNy upregulates MHC class I antigen on target 
cell surfaces and activates CD8+ cytotoxic T-cells and NK cells, 
the sum of which promotes the recognition and clearance of 
intracellular pathogens. 

Th, lymphocytes promote humoral responses by B-cells 
through secretion of Th, cytokines such as IL-4 and IL-5. 
These humoral responses result in the development of 
antibodies that target humoral factors for removal rather than 
cells for destruction. The presence of other local cytokines 
promotes antibody isotype switching. For example, IL-13 
promotes switching to the IgE antibody class, TGFB promotes 
switching to the IgA class, and the Th, cytokine IFNy 
promotes switching to the IgG class. 

Regulatory T-lymphocytes (Tregs) have been one of the 
more recently characterized helper-T-cell subsets. These cells 
are identified by the presence of a nuclear transcription factor 
called Forkhead box P3 (FoxP3) and characterized by their 
suppressive effect on effector T-cells, in part due to secretion 
of cytokines IL-10 and TGF. IL-10 antagonizes Th, cells and 
macrophages, while TGFB is a potent suppressor of all other 
Th responses (Th,/Th,/Th,7) in the human. Tregs secrete 
TGFB and/or IL-10 in response to specific antigen and are 
believed to be an important resident of the maternal—fetal 
interface necessary for suppressing any adaptive immune 
responses against the fetus. 

Th, lymphocytes are the most recently characterized class 
of T-helper cells. Th,7 cells secrete cytokines including IL-17A, 
important for recruiting neutrophils to sites of inflammation, 
which makes them appear to function similarly to Th, cells. 
Both IFNy and IL-4 have been shown to negatively regulate 
Th,, differentiation, while the presence of TGFB and IL-6 
together appear to promote this differentiation. Thj,7 cells 
appear to play an important role in autoimmune diseases, but 
if they play a role in inflammatory states during pregnancy, 
such as preterm labor and pre-eclampsia, this has not yet been 
defined. 


T-Helper (Th) Shift in Pregnancy 

Pregnancy has classically been described as having a “Th; shift” 
(74,75). In general terms, the systemic maternal immune 
response is noted to shift from a cytotoxic (Th,) to a humoral 
(Th,) T-helper paradigm of function. In light of evolving 
knowledge of T-helper-cell subsets, the Th,/Th, balance 
paradigm has been recognized as an oversimplification (76,77). 
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It has become clear that additional regulatory mechanisms 
play an important role, including those mediated by the 
regulatory T-cell (Treg). As potent suppressors of inflamma- 
tion, Tregs appear to be important for the maintenance of 
normal pregnancy (78). 

If the shifting of immune cell subsets to a regulatory 
phenotype contributes to fetal protection, this may aid in our 
understanding of the observed maternal tolerance acquired 
against paternal antigens (79,80). Innate processes also appear 
to promote local blunting of the adaptive immune system at 
the maternal fetal interface, including such factors as depletion 
of tryptophan at the maternal-—fetal interface by IDO (81), and 
the expression of nonclassical placental MHC antigens such as 
HLA-G. It has been suggested that HLA-G might be an 
important determinant in the development of Tregs 
(82,83,84). 


Peripheral T-Cells 
Pregnancy is accompanied by several unique changes in 
peripheral and decidual T-cells. Peripheral T-cells demon- 
strate decreased proliferative responses in serum from 
pregnant women, detected as a decreased T-cell response to 
mitogens (85). This may be due to a general state of 
suppression during pregnancy, as evidenced by a decrease in 
memory CD4+ T-cells and an increase in naive CD4+ T-cells, 
decreased expression of activation markers HLA-DR and 
CD25, and a decrease in precytotoxic CD8+/S6F1+ cells with a 
concomitant increase in regulatory CD8+/S6F1-cells (86). 
Peripheral blood CD4+/CD25+ lymphocytes, the putative 
regulatory T-cell subset, are increased during the first and 
second trimesters (87). 


Uterine T-Cells 

Uterine T-cell changes are unique. T-cells comprise only about 
10% of decidual lymphocytes (88,89) and decrease in decidua 
by >60% during pregnancy. This is due primarily to a decrease 
in CD8+ T-cells thereby increasing the CD4+/CD8-+ ratio (90). 
Of the CD8+ T-cells in the decidua only a few express perforin, 
a suppressive phenotype among CD8+ T-cells (91). 

Uterine decidual T-cells have been reported to express 
multiple KIRs including both inhibitory and activating types. 
When both are expressed in a single T-cell, the inhibitory 
receptor has been suggested to be preferentially active and may 
contribute a level of immunosuppression (92). 

Uterine decidual T-cells have been characterized as expres- 
sing CD25, a chief phenotypic characteristic shared by activated 
lymphocytes and Treg cells (93,94). Up to 14% of uterine 
T-cells in the decidua possess a classic Treg phenotype (87). 
There is evidence for local expansion of decidual Treg cells and 
a low occurrence of Th,7 cells in normal first-trimester decidua 
(95,96). Furthermore, local moderate Th, activity is reported, 
evidenced by a population of IFNy-secreting T-cells. Local 
IFNy could serve the important purpose of upregulating MHC 
class II proteins on decidual stromal cells. Decidual stromal 
cells express ligands (B7-H1 and B7-DC) for the programmed 
death (PD)-1 receptor, which may play a crucial role by 
decreasing decidual T-helper cell production of IFNy, TNF, 
and IL-2 (97). 

During normal and anembryonic pregnancy, but not 
ectopic pregnancy, CD71 and CD25 increase, signifying 
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activation of T-cells in response to successful implantation. 
The response may be augmented by the trophoblast 
production of IL-2, which, because of the lack of change in 
ectopic pregnancy, is probably decidua dependent (98,99). 
Further evidence that T-cells are specifically involved with 
implantation and placental proliferation is derived from 
experiments with monoclonal antibodies against CD4 and 
CD8, which stimulates or inhibits placental proliferation, 
respectively (100). 


y6T-Cells 
y5T-cells are an interesting intermediate cell type that appear 
to have both innate and adaptive function. They rearrange T- 
cell receptor (TCR) genes to produce diversity and can develop 
a memory phenotype. However, various subsets contain a 
restricted TCR that appears be used as a PRR (101). These cells 
recognize not only nonclassical MHC class I molecules (102) 
but also heat shock proteins, soluble antigen, and carbohy- 
drates (103). 

yoT-cells appear in the first-trimester decidua (104,105) 
and increase in the peripheral blood during pregnancy (106). 
They are also present in second-trimester placental villi (107). 
y6T-cells increase 2.4-fold in the decidua compared with 
peripheral blood, which is indicative of selective migration (105), 
and are twice as common as all other T-cells there (108), 
although the specific mechanism for their selection is unknown. 

The specific function of yST-cells is not clearly known. 
Because of their population kinetics and location, several roles 
have been proposed. They may protect the mother and fetus 
from infection, trophoblast from rejection, or limit passage of 
fetal leukocytes to the maternal circulation (105). 


B-Cells 

Maternal serum has been found to inhibit priming of 
B-cells in vitro via a molecule in the IgG fraction of serum, 
which reduces IL-2 receptor density. This inhibitory action is 
even more pronounced with retroplacental serum suggesting 
that it may be concentrated at the maternofetal interface (109). 

Peripheral B-cells in pregnancy exhibit decreased synthesis 
of IgM with increases in IgA and IgE. As IgA and IgE do not 
cross the placenta, these changes may be a protective 
mechanism for the fetus. The increase of IgE and IgA (with 
concomitant decrease in IgM) may be explained, at least in 
part, by an increase in CD23 (low-affinity IgE receptor) 
expression on B-cells, which serves as an autocrine growth 
factor for pre-activated B-cells and is enhanced in the presence 
of maternal IgG (109). 

The importance of these changes is illustrated by the fact 
that B-cell antibody synthesis can be implicated in pregnancy 
complications and spontaneous abortions. Antitrophoblastic 
IgG and IgM, which were better able to fix complement and 
lyse target cells than in controls, have been demonstrated in 
significantly higher numbers in patients with recurrent 
spontaneous abortions (110). Antibodies against fetal en- 
dothelial cells have also been demonstrated in patients with 
recurrent spontaneous abortion (111). 

Modulation of B-cells also occurs with regard to B-cell 
subsets. B-1 (CD5+) cells are downregulated during pregnancy 
while numbers of conventional B-cells (CD5—) remain 
constant. B-1 cells are the main producers of polyreactive 
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autoantibodies (112) and this antibody production can be 
enhanced in the presence of estrogen (in mice) (113). This 
downregulation may thus represent a protective mechanism 
for the fetus and the mother. During pregnancy, B-cells are 
generally either absent from or inactive in the uterus and 
decidua (114,115). 


EFFECT OF PREGNANCY ON MATERNAL CELL- 
MEDIATED IMMUNITY 

Cell-mediated immunity is promoted by IFNy, is carried out 
by CD8+ T-lymphocytes and NK cells, and results in the 
programmed cell death (apoptosis) of the foreign cell or 
infected host cell. Decreased cell-mediated immune function 
in pregnancy is manifested by a tendency toward reactivation 
of chronic viral infections, such as cytomegalovirus (116), 
human papillomavirus (117), and herpes simplex virus (HSV) 
(118), and by an increased frequency in acquiring new viral 
infections (119). Circulating NK cells maintain their popula- 
tion size (120), and though they express a general decrease in 
cytotoxic activity (121-127), they can still respond appro- 
priately to pathogens (128). 

Pregnant women are more prone to contract HSV (129), 
have a longer course of infection (130), and suffer increased 
morbidity (131,132). Prior to polio vaccine, the risk of paralytic 
polio was increased in pregnancy (133). Malaria has been 
shown to have a prolonged course as well as increased 
morbidity and mortality during pregnancy (134). Varicella 
pneumonia has also been noted to occur almost exclusively in 
pregnant females or those otherwise immunosuppressed (135). 

Impairment in cell-mediated immune function in preg- 
nancy is associated with improvement in autoimmune diseases 
such as multiple sclerosis (136,137), rheumatoid arthritis 
(138), and psoriasis (139). 


EFFECT OF PREGNANCY ON MATERNAL HUMORAL 
IMMUNITY 
In contrast to cell-mediated immunity, humoral immunity, 
promoted by Th, cytokines such as IL-4 and IL-5, is preserved in 
pregnancy. Circulating B-cell numbers are unchanged (140,141). 
T-cell-independent B-cell functions remain intact as manifested 
by normal IgG stimulation with Staphylococcus aureus (142). 
There is an appropriate antibody response to vaccines (143). 
Serum complement concentrations remain normal or slightly 
elevated (11). T- helper cell activity is intact, evidenced by the 
maintenance of PPD positivity during normal pregnancy (144). 
The shift favoring antibody production may help explain 
the persistence or worsening of immune-complex-mediated 
autoimmune disease in pregnancy. While the development of 
a de novo lupus flare during pregnancy may not frequently 
occur, exacerbation of existing lupus nephritis can be 
problematic. Grave’s disease, seasonal allergies, myasthenia 
gravis, idiopathic thrombocytopenic purpura, and IgA 
nephropathy—antibody-dependent diseases—worsen. 
The key difference between the pregnant and nonpregnant 
states is in the development and function of the maternal- 
placental-fetal unit. Trophoblast-immune cell interactions 
result in the differentiation of specialized subpopulations of 
lymphocytes. Moreover, peptide and steroid hormones 
generated by the placenta have demonstrable effects on 
immune cells. 


INFLUENCE OF PLACENTAL HORMONES ON 
IMMUNITY 

Placental hormones appear to play a role in immune function 
during pregnancy. The hCG can inhibit mitogen-induced T- 
cell and T-cell-dependent B-cell responses (145-149). These 
actions appear to be accomplished directly through T-cell hCG 
receptors (150), but further delineation of this mechanism is 
still the subject of ongoing investigation. 

Pregnancy induces thymic cortical involution, possibly 
contributing a mechanistic explanation for altered T-cell 
function (151,152). The view that such involution represents a 
quiescence of the gland is in conflict with the data that the 
medullary portion of the gland actually appears to become 
more active (153). Murine thymic epithelial cells express the 
progesterone receptor, and this receptor is necessary for 
thymic involution to occur in pregnancy in mice (154). 

Progesterone appears to be a very important immunor- 
egulatory hormone of pregnancy, but the pathways by which it 
mediates its effect are still unclear. It is unlikely that specific 
progesterone receptors on lymphocytes and NK cells exist, as 
they have not yet been identified (155,156). However, decidual 
stromal cells have progesterone receptors, and a mechanistic 
link between these cells and various leukocytes has been 
suggested (157). 

Despite lack of evidence of classic progesterone receptors in 
these cells, T-lymphocytes and decidual NK cells are reported 
to produce a peptide called progesterone-induced blocking 
factor (PIBF) in response to this hormone (158—160). PIBF has 
been reported to decrease activated lymphocyte production 
of IL-12 and TNF-alpha and cause a concomitant increase in 
IL-10 (161). PIBF is also reported to inhibit perforin liberation 
from the granules of stimulated NK cells (162), thereby 
limiting their cytotoxicity. The PIBF receptor has been 
characterized as joining with the IL-4 receptor alpha chain 
to form a novel type of IL-4 receptor (163). 

Decreased levels of PIBF have been associated with 
recurrent spontaneous abortion (164), and monoclonal 
antibodies against PIBF have been demonstrated to cause 
decreased IL-10 levels with an associated immune-mediated 
resorption of pregnancies in mice (165). 

Administration of the progesterone receptor antagonist 
RU486 has been reported to cause a decrease in the production 
of PIBF (166) and to be associated with at least a threefold 
increase in NK cytotoxicity (167,168). 


TROPHOBLAST DEFENSE: ALTERED MHC EXPRESSION 
An interesting mechanism of protection of the fetal allograft 
from maternal defenses appears to be the altered expression of 
MHC class I molecules by both syncytiotrophoblast and 
cytotrophoblast. All trophoblast cells are devoid of “classical” 
MHC class I molecules, except for the transient expression of 
HLA-C during early pregnancy. This inhibition of expression 
of HLA-A and HLA-B is apparently not affected by genomic 
imprinting, since both maternal and paternal alleles are 
inducible by IFNy treatment in vitro (169). 

In addition, there is an absence of expression of MHC class II 
antigens, which appears to be caused by hypermethylation of 
the IFNy-responsive promoter that regulates expression of the 
class II transactivator (CIITA) gene. In vitro introduction of 
exogenous CIITA can induce cell surface expression of HLA- 


71.8 


DR, -DP, and -DQ, leading to an acquired capacity to present 
antigen to antigen-specific T-helper cells (170). 

Once formation of the cytotrophoblastic shell is complete, 
the syncytiotrophoblasts and villous cytotrophoblasts remain 
free of classical MHC class I molecules and downregulate 
the expression of the nonclassical MHC class I molecules. 
The invasive cytotrophoblasts, on the other hand, provide the 
primary contact point for maternal blood and continue to 
express an assortment of nonclassical MHC class I antigens, 
which may be helpful in deterring a maternal immune 
response toward paternal antigens. 

Nonclassical MHC molecules that are present throughout 
pregnancy include HLA-E and HLA-G. Like classical MHC 
antigens, these molecules appear to be involved in the 
abrogation of NK-cell-mediated lysis of trophoblast via 
interactions with inhibitory NK cell receptors (171-173). 

Many studies have focused on HLA-G, first discovered in 
1987 (174). It is an inhibitory nonclassical MHC class I 
molecule that is found on both invasive cytotrophoblastic and 
amniotic epithelial cells (175). Like the classical MHC class I 
molecules, it comprises an alpha chain associated with B2 
microglobulin. Unlike the classical MHC class I molecules, 
HLA-G contains limited polymorphism and a truncated 
cytoplasmic tail as a result of a stop codon in exon 5/6. It 
can appear in 6 isoforms: two soluble and four membrane 
bound. 

The membrane-bound isoforms have been shown to inhibit 
NK cell migration and NK-mediated cell lysis through 
interactions with various lectin family and immunoglobulin- 
like receptors on NK cells and macrophages (176-178). HLA- 
G binds the CD94/NKG2A and p49 receptors, one or both of 
which are found on all NK cells isolated from maternal 
decidua during the first trimester (179). It may also bind the 
ILT2 and ILT4 (immunoglobulin-like transcript) inhibitory 
receptor on macrophages (180). 

Soluble isoforms of HLA-G may serve an immunoregula- 
tory role during pregnancy. Soluble HLA-G appears to induce 
apoptosis of CD8+ T-cells through the Fas/FasL pathways (181), 
and a low concentration is detectable in the serum of pregnant 
women throughout gestation. Although soluble HLA-G is 
present only in small amounts, it is more than twice as 
abundant in the serum of pregnant women as in nonpregnant 
and is likely in even greater concentration at the maternal—fetal 
interface (182). 

HLA-E is not found on the cell surface unless HLA-G is also 
present. It is co-expressed with HLA-G due to a specific 
nonapeptide transcribed from the leader sequence of HLA-G, 
which serves as a ligand for HLA-E to induce its surface 
expression (183,184). HLA-E appears to have similar char- 
acteristics to HLA-G, for example, binding CD94/NKG2A 
(185,186). 

HLA-G and HLA-E have both been demonstrated to 
influence cytokine production by decidual NK cells. Decidual 
NK cells cocultured with K-562 leukemia cells lacking classical 
and nonclassical MHC molecules expressed TNF-alpha, IL-10, 
and GM-CSF. When the K-562 cells were transfected with 
HLA-G, these concentrations of these three cytokines were 
significantly decreased in culture supernatants. When this 
same cell line was transfected with HLA-E, only IL-10 was 
significantly decreased (187). 
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HLA-C has been shown to exist only transiently on 
trophoblasts in the first trimester. It is recognized by KIRs 
(killer immunoglobulin-like or inhibitory receptors) on NK 
cells. Decidual NK cells have a higher expression of KIRs 
specific for HLA-C than do peripheral NKs. HLA-C is also 
upregulated in the presence of IFNy, which may serve as a 
protective mechanism for trophoblastic cells (188). Expression 
of HLA-C apart from the pregnant state has been shown to be 
deleterious in some circumstances, as expression of HLA-Cw4 
has been associated with poor prognosis in HIV infection and 
rapid development of AIDS, suggesting potential immuno- 
suppressive functions (189). 

Because of these functional differences from other “classi- 
cal” MHC class I molecules, some investigators have suggested 
that, from a conceptual standpoint, HLA-C may be better 
grouped with the “nonclassical” MHC class I molecules (190). 


TROPHOBLAST DEFENSE: OTHER MECHANISMS 

In addition to the nonclassical MHC molecules, the tropho- 
blast expresses other antigens that may counter maternal 
immunosurveillance. The Fas ligand (FasL) binds to Fas 
expressed on target cells and results in the initiation of the 
target cell apoptosis pathway. Trophoblast constitutively 
expresses the FasL, while decidual NK cells express Fas. IFNy 
and TNF promote Fas expression and sensitivity, whereas IL-6 
and IL-10 increase the resistance of trophoblast cells to Fas- 
mediated apoptosis (191). 

RCAS1 (receptor-binding cancer antigen expressed on SiSo 
cells), a membrane-associated homodimer, has been recog- 
nized to play a role in immune evasion of the tumor cells in a 
manner similar to the FasL (192). Both RCAS1 and the FasL 
appear to be expressed concomitantly in uterine endometrial 
glands and extravillous cytotrophoblasts (193). 

IDO is an enzyme that catabolizes tryptophan and is 
expressed by syncytiotrophoblast in mice (194). In the murine 
model, it is released by macrophages in response to IFNy, 
inhibits T-cell proliferation, and is able to prevent T-cell- 
mediated rejection of normal pregnancies (194,195). IDO has 
also been demonstrated in human placental trophoblast cells 
and decidual macrophages, where its expression is stimulated 
by IFNy (196,197). The expression of IDO by syncytiotropho- 
blast is a likely contributor to decreased serum levels of 
tryptophan found during pregnancy (198). 


THE PLACENTAL SINK 

The apical surface of the syncytiotrophoblast contains 
specialized Fc(y) receptors (FcyR) (199,200). Significant 
transport of the four classes of maternal IgG begins around 
20 weeks of gestation. The placenta may also serve as an 
immunosorbent tissue to protect the fetus from antibodies 
directed toward paternal antigens (201). 


CONCLUSION 

In conclusion, research over the past three decades has 
identified a host of changes in the maternal immune system 
and fetal tissues that promote the initiation and maintenance 
of normal pregnancy. It is daunting to think that what is now 
known is probably the tip of the iceberg. However, through 
further study, the immunology of the maternal—fetal interface 
may hold the secrets of successful and healthy pregnancy. 
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7 2 Placental transport and metabolism 


Jeffrey M. Dicke 


As a fetal organ, the placenta not only is obligated to the fetus 
but also answers to the mother. More than merely a conduit 
for the provision of oxygen and nutrients to the fetus, the 
placenta actively regulates the passage of substrates necessary 
for fetal growth and development. The importance of placental 
function and dysfunction is manifest in a variety of adult 
chronic illnesses that are now felt to be a consequence of in 
utero insults. This phenomenon is known as fetal origins of 
adult disease and includes cardiovascular disease and features 
of the metabolic syndrome, including dyslipidemia, type 2 
diabetes, insulin resistance, and obesity. The finding that the 
placenta is capable of influencing an individual’s general 
health years following its relatively brief service is a testament 
to its critical effect on intra- as well as extrauterine survival. 
Preventative care and overall health begin in utero and require 
a healthy placenta. This realization has implications not only 
for an individual’s quality of life but also for societal 
approaches to public health. 

Placental nutrient transport potential involves multiple 
variables including placental size, architecture, blood flow, 
nutrient production and consumption, and transporters for 
glucose, lipids, and amino acids. 

The placenta grows continuously throughout gestation. 
This benefits the fetus in a number of ways and is one 
determinate of fetal growth. The larger the placenta, the larger 
the surface area available for nutrient exchange. There is also a 
decrease in trophoblast thickness, decreasing the diffusion 
distance between maternal and fetal circulations. These 
changes support the observations that placental growth in 
the midtrimester is associated with fetal weight in the third 
trimester and that overall there is a positive correlation of 
placental size with fetal size (1-3). 

Environmental insults, which reduce placental weight, such 
as nutritional conditions and glucocorticoid administration, 
can also have an effect on placental morphology. Changes in 
barrier thickness, surface area available for exchange, vascu- 
larity, and rates of proliferation and demise of certain cell types 
are ways in which placental efficiency may be diminished or 
enhanced (4,5). For example, hypoxia has been associated with 
a reduction in barrier thickness between maternal and fetal 
capillaries in the human placenta, presumably encouraging 
diffusional change (6). Maternal food restriction in guinea 
pigs, whose hemomonochorional placenta is more like the 
human placenta than other non-primates, alters placental size 
and structure. Undernutrition is associated with reduced 
placental weight, decreased surface area available for exchange, 
and increase in membrane thickness. The placenta under these 
circumstances not only is small but also has diminished 
substrate transport capacity (4). 

Placental growth and function also depend upon adequate 
blood flow. This requires normal trophoblast invasion and 


remodeling of the spiral arteries, achieved by vasculogenesis, 
new blood vessel formation from endothelial precursor cells, 
and angiogenesis, new vessel formation from those already 
present. Deficient conversion of the spiral arteries leads to 
impaired villous perfusion and hypoxia, which itself can have a 
pejorative effect on vascular remodeling by limiting prolifera- 
tion and growth of fetal vessels (7,8). This results in increased 
resistance to blood flow in the umbilical arteries, which is 
reflected in abnormal flow velocity waveforms using Doppler 
ultrasound. Growth of the placenta, its blood vessels, and its 
blood supply are intertwined such that, under normal 
circumstances, fetoplacental growth correlates with the ability 
to provide oxygen and nutrients to the placenta for subsequent 
transfer to the fetus. 

The consumption and production of nutrients by placental 
tissues impact the availability of nutrients for transport to the 
fetus. In humans, 40% to 70% of the glucose and oxygen taken 
up by the uterus is utilized by uteroplacental tissues, which also 
produce lactate and metabolize amino acids for fetal 
use (9,10). Just as placental growth, morphology, and blood 
supply are subject to exogenous factors, uteroplacental 
management of carbohydrates and amino acids is influenced 
by a host of variables including placental size, nutrient 
availability, and concentrations of hormones such as gluco- 
corticoids, growth hormone, and insulin growth factors in 
maternal and fetal blood (11-13). In sheep, hypoglycemia is 
associated with decreased placental glucose consumption (14) 
while preterm exposure to cortisol has the opposite effect (15). 
Similarly, placental disposition of essential amino acids is 
influenced by undernutrition, heat stress, and treatment with 
IGF-1 (14,15), which enhances fetal and placental amino acid 
uptake (16). These are ways in which placental utilization of 
nutrients is influenced by environmental factors with sub- 
sequent effects on nutrient availability to the fetus. 

Hormones are produced by the placenta and released to the 
mother and fetus. These include peptides, steroids, glycopro- 
teins, and cytokines. Progesterone and placental lactogen have 
effects on the mother, which promote glucose delivery to the 
fetus (2). The placental variant of growth hormone (GHv) and 
IGF-1 and IGF-2 may influence nutrient provision by 
endocrine effects on maternal metabolism and/or paracrine 
effects on placental potential for simple and facilitated 
diffusion (16,17). Binding of these hormones to placental 
receptors can change placental clearance of analogs of glucose 
and amino acids in vivo and in vitro (18). Maternal levels and 
placental expression of GHv are decreased in pregnancies with 
growth-restricted fetuses, implicating changes in placental 
endocrine function as a cause rather than a result of abnormal 
fetal growth (19). 

Placental prostaglandins (PG) PGE, and PGF, affect fetal 
nutrient and oxygen provision indirectly by their effects on 
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regional blood flow, uterine contractility, and fetal endocrine 
function (20,21). In vitro studies using murine placenta 
subjected to oxidative stress through a process of hypoxia/ 
reoxygenation have demonstrated significant increases in the 
concentrations of cyclooxygenase, enzymes that stimulates PG 
production (22). In nonhuman primates, undernutrition 
increases activity of placental PGH synthase and levels of 
PGE, and PGF æ. These increases correlate with reduced 
uteroplacental glucose consumption and are reversible by 
restoration of normoglycemia (20). PG dehydrogenase 
(PGDH), an enzyme that converts active prostaglandins into 
their inactive metabolites, has also been demonstrated in 
placental tissue (23). Changes in PG synthesis and metabolism 
have been associated with cortisol concentrations as gluco- 
corticoids enhance PGH synthase activity and reduce PGDH 
activity, which increases intrauterine production of PGE, and 
PGF, (21,23). These changes increase with advancing 
gestation, a time of rising fetal cortisol concentrations and 
myometrial contractility. 

11-B-hydroxysteroid dehydrogenase type-2 (11-B-HSD-2) 
is a placental enzyme that inactivates glucocorticoids, 
compounds produced by the trophoblast that regulate organ 
growth and maturation. Fetal exposure to glucocorticoids is 
associated with growth restriction in both animals and 
humans. By converting cortisol to cortisone, 11-B-HSD-2 
forms a placental barrier by limiting transfer of free cortisol 
from mother to fetus. Decreased 11-B-HSD-2 activity and 
increased levels of cortisol in the fetus have been associated 
with fetal growth restriction (24). It is presumed that the 
placenta mitigates the effects of steroids on fetal growth as 
experimental studies have shown that repeated doses of 
corticosteroids given to pregnant ewes resulted in reduced 
birth weight while direct administration to the fetus did not 
interfere with fetal growth (25,26). In humans, placental 
activity of 11-B-HSD-2 correlates with birth weight (27). 
Additionally, gene expression of 11-B-HSD-2 is sensitive to 
environmental and nutritional stressors. Hypoxia (in vitro) 
and infection decrease activity, which may lead to increased 
cortisol levels and suboptimal growth (28). While in vitro 
data derived using a variety of cell models are inconclusive, 
evidence to date suggests that glucocorticoids may decrease 
glucose transfer and increase amino acid transport (29). 
Glucocorticoids also influence fetal growth via their effects on 
placental production and activity of other hormones, 
including prostaglandins, progesterone, and estrogens (28). 
This is another way in which the placenta adapts to 
conditions in utero in an attempt to maintain optimal fetal 
growth. 

Insulin-like growth factors, especially IGF-1, are presumptive 
regulators of placental transport based on the observations that 
IGF receptors are expressed in the syncytiotrophoblast, which 
in vitro studies have demonstrated increased glucose uptake 
and system A activity following treatment with IGF-1 (30) and 
that reduced fetal levels of IGF-1 (31) and expression of the IGF 
receptor were associated with intrauterine growth restriction 
(IUGR) (32). Based on the above, it has been proposed that 
reduced levels of IGF-1 in the maternal circulation could result 
in diminished transplacental transport of glucose and amino 
acids while increased levels of IGF-1, as occurs in diabetes, 
would have the opposite effect. 
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A relatively recent addition to the armamentarium regulat- 
ing placental transport activity (maternal nutritional status, 
placental blood flow, maternal/placental hormone production, 
hypoxia) is mammalian target of rapamycin (mTOR). A 
serine/threonine kinase, mTOR protein is expressed in the 
cytosol of the syncytiotrophoblast and is thought to regulate 
cell growth by its influence on translation and transcription 
through a mechanism of “nutrient sensing” (33). This refers to 
a proposed process whereby mTOR regulates production of 
proteins related to cell growth in response to the placental 
environment, including nutrient availability, oxygenation, and 
growth factors. These proteins regulate nutrient transporters 
and thereby affect fetal growth. In vitro data supporting the 
proposed role of mTOR in fetal growth include the finding 
that the activity of the mTOR signaling pathway is down- 
regulated in IUGR and that inhibition of mTOR resulted in 
nearly complete inhibition of leucine uptake by the system 
L amino acid transporter (34). 

In addition to the aforementioned influences on placental 
transport and fetal growth, the organization of the placental 
plasma membrane interface between the maternal and fetal 
circulations is considered to be a critical component of 
placental function. This interface is the syncytiotrophoblast 
that consists of a microvillous membrane (MVM), exposed to 
maternal venous blood and a basal membrane (BM), which is 
in contact with the fetal circulation. Available and accumulat- 
ing evidence indicate that the placenta employs multiple 
nutrient transporters to provide the sustenance necessary for 
fetal growth. The MVM and BM contain specific receptors and 
proteins that regulate the supply of glucose, lipids, and amino 
acids available to the fetus. Following is a review of the cellular 
mechanisms responsible for fetal nutrition. 


GLUCOSE 

Glucose transport is facilitated by a family of isoforms with the 
prefix GLUT. In human placenta, six GLUT isoforms have 
been identified at the mRNA level (35,36). The major placental 
GLUTs are GLUT1 and GLUT3 (37-39), whose abundance 
and activity differ in response to a variety of environmental 
factors, including diabetes, maternal nutritional status, 
hypoxia, and reduced uterine blood flow (28). These GLUTs 
have different kinetic activity and are differentially expressed 
within the placental membranes. GLUT3 occurs in the MVM 
at the maternal—fetal interface and is presumed to be 
responsible for the rate of glucose delivery to the fetus. 
GLUTI tends to be located in the plasma BM and may 
modulate placental glucose consumption as well as being the 
rate-limiting step in transplacental glucose transport (39,40). 


FATTY ACIDS 

Long-chain polyunsaturated fatty acids (LC-PUFA) are im- 
portant not only for maternal health but also for fetal growth 
and central nervous system development. The LC-PUFA 
arachidonic acid (AA) and docosahexaenoic acid (DHA) are 
present in high concentrations in the fetal brain and regulate 
the structure and function of neural membranes (41). 
Diminished DHA in brain lipids is associated with learning 
impairment in various species. Eicosanoids, which are derived 
from AA, are integral to cell division and other important 
physiologic processes (41). 
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The observation that LC-PUFA are higher in plasma lipids 
of the cord than in maternal plasma lipids at birth supports the 
notion of active maternal—fetal transfer, which is a complex, 
incompletely understood process. Human placental receptors 
to very-low-density lipoprotein, low-density lipoprotein, and 
high-density lipoprotein facilitate uptake of maternal plasma 
lipoproteins (42). 

In addition, placental lipoprotein lipase, which is localized 
in the MVM, hydrolyzes lipoproteins (43). The free fatty acids 
(FFA) released diffuse across the plasma membrane. Fatty acid 
transport proteins, fatty acid translocase, and plasma mem- 
brane fatty acid—binding proteins (FABPpm) facilitate un- 
esterified fatty acid uptake into the placental cells (44). An 
isoform of FABPpm unique to the placenta occurs only in 
the MVM of the syncytiotrophoblast, suggesting that it may 
be important in placental FFA uptake (45). While they are 
thought to encourage transmembrane passage of FFA, the 
manner in which this is accomplished by FABP is uncertain. 
Once transported into the syncytial cytoplasm, FFA bind to 
FABP and are presented to the BM through which they are 
presumed to be transported to the fetus via either diffusion or 
facilitation by FABPs (46). 


AMINO ACIDS 
While glucose is the primary fuel for the fetus, amino acids are 
critical as they are precursors for protein synthesis as well as 
nonprotein compounds, such as nitric oxide, neurotransmit- 
ters, and polyamines. The types and balance of essential and 
nonessential amino acids supplied to the fetus are important 
determinates of fetal growth. Amino acid concentrations in the 
fetal plasma exceed those in the mother (47). The uptake and 
transport of amino acids across the trophoblast membrane is 
an active process regulated by at least 15 different transport 
proteins with different structures, overlapping substrate 
specificity, expression, and activity. Sodium-dependent trans- 
port systems and their substrates include systems A (alanine, 
serine, proline, glycine), ASC (alanine, serine, cystine), 
N (histidine, asparagine, glutamine), B (taurine), X ac 
(glutamate and aspartate), and GLY (glycine, sarcosine). 
Cationic amino acids are transported via system y*. Small 
neutral amino acids are handled by system ASC. System L 
transports neutral and branched-chain amino acids while 
aromatic amino acids are the substrate for system T (48). 

There are two main types of amino acid transporters, both 
of which are present in the placenta: accumulative transpor- 
ters and amino acid exchangers (49). The former regulate 
influx of amino acids and lead to increased concentrations 
within the cell. Amino acid exchangers swap amino acids 
from outside the cell with those inside the cell. This allows 
the composition of amino acids within the cell to be altered 
to meet fetal metabolic requirements, with no change in total 
concentration. Exchangers are one potential means by which 
nonessential amino acids in the fetal circulation can be 
exchanged for less readily available essential amino acids 
within the placenta. Such a process is one way in which the 
placenta meets the unique growth and energy demands of the 
fetus. 

Net amino acid transfer across the placenta is necessary to 
sustain fetal growth. There is active transport of amino acids 
across the MVM into the syncytiotrophoblast via accumulative 
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transporters (47). These include subtypes of system A, a 
sodium-dependent transporter, which transports small 
neutral amino acids (SNAT1, SNAT2, and SNAT4), such 
as alanine, serine, glycine, and proline and system X 4G, 
which regulate uptake of glutamate and aspartate. System A 
transporters are notable among MVM accumulative trans- 
porters in that their substrate amino acids are also subject to 
exchange transport (50). 

Although the mechanisms of amino acid uptake by the 
maternal-facing MVM have been delineated, the means by 
which amino acids traverse the BM to the fetus are less well 
understood. In studies of isolated perfused placenta, exchange 
and nonexchange transport systems have been demonstrated. 
The activity of the exchange systems was suggestive of system 
ASC and isoforms of system L (LAT1, LAT2). Possible 
nonexchange transporters include system N, system T 
(TAT1), and the system L isoform LAT4 (51). 

In summary, the appropriate quantity and balance of amino 
acids are essential for fetal and placental health. Provision of 
amino acids from the maternal circulation into and through 
the placenta to the fetus requires the coordinated activity of 
multiple transport proteins, which function differentially in 
the MVM and BM to provide and maintain the appropriate 
levels of specific amino acids required for protein synthesis 
and energy metabolism. 


CHANGES ASSOCIATED WITH ABNORMAL 

FETAL GROWTH 

Fetal growth restriction connotes changes in the demonstrated 
and proposed mechanisms of nutrient transport sufficient to 
preclude normal fetal growth. 

Using vesicles prepared from the MVM and BM of the 
syncytiotrophoblast from placentas of IUGR pregnancies, 
changes in amino acid transport systems have been demon- 
strated including both decreased volume and transport 
capacity for amino acids. Downregulation of systems A, L, 
and TAU in the MVM results in reduced provision of taurine, 
lysine, and leucine (52,53). Additionally, reduced activity of 
lipoprotein lipase, necessary for placental transport of FFA, has 
been reported in MVM from IUGR pregnancies (54). 
Diminished transport of leucine and lysine has been detected 
in BM vesicles (55). The expression and activity of glucose 
transport proteins is unaltered in IUGR (56). 

In vitro studies demonstrating alterations in amino acid 
transport have served as a prelude to a variety of in vivo 
investigations attempting to extend in vitro findings. While the 
numbers of patients in these studies is small, the results to date 
support the notion of the placenta as an arbiter of amino acid 
availability. 

Fetal blood sampling of 4 AGA and 14 IUGR human 
pregnancies coincident with a constant infusion of a leucine 
isotope revealed that the change in steady-state fetal/maternal 
leucine enrichment was significantly lower for IUGR preg- 
nancies than appropriate-size-for-gestational-age (AGA) preg- 
nancies. Additionally, the magnitude of the decrease in IUGR 
pregnancies correlated with the clinical severity of IUGR. The 
conclusion from this work was that the decrease in the fetal/ 
maternal leucine ratio may be due to reduced placental leucine 
flux and/or increased protein catabolism in the fetal and 
placental tissues (57). 
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In a different study of seven AGA and seven IUGR human 
pregnancies, fetal blood sampling was performed shortly 
following maternal intravenous bolus administration of a 
solution containing isotopes of leucine, phenylalanine, glycine, 
and proline. Leucine and phenylalanine use exchange 
transporters and are transferred transplacentally more rapidly 
than amino acids that do not use exchange transporters, such 
as glycine and proline. Following maternal administration, the 
fetal/maternal enrichment ratio for the essential amino acids 
leucine and phenylalanine was significantly reduced in IUGR 
versus AGA pregnancies, consistent with inhibited transpla- 
cental flux. The fetal/maternal enrichment ratio of the 
nonessential amino acids glycine and proline was not 
significantly different (58). 

Intravenous infusion of a solution of amino acids in 
10 patients with uncomplicated pregnancies prior to cesarean 
section revealed a significant increase in the maternal 
concentration of all amino acids versus 16 control patients. 
Umbilical venoarterial differences were measured as an index 
of placental amino acid provision to the fetus. For most amino 
acids, the fetal concentration and the venoarterial concentra- 
tion difference per micromole of oxygen increased, indicating 
amino acids cross the placenta rapidly. However, the umbilical 
uptakes of three essential amino acids, threonine, histidine, 
and lysine, did not change significantly despite increases in the 
maternal concentration. Thus, increasing maternal concentra- 
tions led to an increase in the delivery of most, but not all, 
amino acids to the fetus (59). 

A similar protocol was used to study whether maternal 
infusion of amino acids could increase umbilical uptake and fetal 
amino acid concentrations in 18 pregnancies complicated by 
IUGR. Eight patients received a pre-cesarean section intravenous 
infusion of a solution of multiple amino acids. The remaining 
10 patients were controls. Similar to what was described in 
uncomplicated pregnancies, the maternal concentration of all 
amino acids was significantly increased in the infusion group 
versus the controls. The umbilical uptake in the infusion group 
was significantly higher for leucine, isoleucine, methionine, 
arginine, serine, proline, and glycine. By contrast, there was no 
increase in the uptake of three essential amino acids, lysine, 
histidine, and threonine, in these IUGR pregnancies (60). 

In contradistinction to the attention afforded placental 
changes in IUGR pregnancies, alterations associated with 
accelerated fetal growth have been less extensively studied. 
Evidence to date suggests that surplus substrate alone 
incompletely explains the pathology of large-for-gestational- 
age (LGA) fetal growth patterns. Strict glucose control does not 
necessarily prevent LGA newborns in diabetic pregnancies (61), 
implicating altered placental transport capacity as another 
mechanism of abnormal growth. Increased expression and 
activity of glucose transporters in the BM of pregnancies 
complicated by type 1 diabetes have been demonstrated (62). 
Given the fact that glucose delivery to the fetus is mediated by 
the BM, this is one potential means by which excess glucose is 
made available to the fetus in spite of maternal normoglycemia. 
Similar changes have not been reported in LGA pregnancies 
with gestational diabetes mellitus (GDM) (63). This implicates 
insulin as a factor in increased glucose transport. BM amino 
acid transport systems are reportedly unaltered in LGA diabetic 
pregnancies (64). There are conflicting reports on system A and 
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system L activity in the MVM of these pregnancies (65). 
However, these studies involved different populations in one of 
which the placental weight was increased in proportion to the 
fetal weight (64), which was not the case in the other study (65). 
In vivo studies have revealed increased umbilical levels of amino 
acids in GDM pregnancies with good control (66) and increased 
umbilical vein and artery glucose levels in fetuses of GDM 
mothers with normal glucose levels (67). 

In summary, as the purveyor of nutrient provision to the 
fetus, the placenta is a vital organ, not only in the sense of its 
necessity for fetal survival but also as an entity capable of 
regulating its own response to maternal and fetal conditions. 
In considering the maternal—placental—fetal trinity, evidence 
continues to accumulate delineating the active role of the 
placenta in adjusting nutrient provision based on a host of 
ever-changing influences that are normally balanced to 
sustain equilibrium between maternal supply and fetal 
demand. Under normal circumstances, the placenta provides 
the appropriate balance and quantity of glucose, amino acids, 
and lipids to support optimum or at least adequate fetal 
growth. Disturbances on either side of the placenta are 
known to stimulate changes within the MVM and BM of the 
syncytiotrophoblast intended to compensate so as to protect 
its charge, the fetus. The response of the placenta to an 
unfriendly environment is typically to autoregulate as much 
as possible to best promote fetal survival. This is accom- 
plished via multiple transporters, hormones, and growth 
factors that coordinate fetal nutrient demands with maternal 
supply. In so doing, changes may be initiated which, while 
necessary to maintain fetal viability, result in signaling and 
long-term changes in nutrient metabolism sufficient to 
increase the postnatal risks for cardiovascular and metabolic 
disorders. 
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The anatomy and physiology of placental and embryonic 
development is a field where medicine exerts its greatest 
impact on early pregnancy at present time, and it opens 
fascinating aspects of embryonic differentiation. Clinical 
assessment of those stages of growth relies heavily on three- 
dimensional (3D) and four-dimensional (4D) sonography, 
one of the most promising forms of noninvasive diagnostics 
today. The embryologic phenomenon, once matters for 
textbooks, is now routinely recorded with outstanding clarity. 

It is clear that with the use of 3D and 4D ultrasound, both 
structural and functional developments in the first 12 weeks 
of gestation can be assessed more objectively and reliably. 
New technology moved embryology from postmortem 
studies to the in vivo environment. It is the purpose of this 
chapter to illustrate the potential of 3D/4D sonography in 
the study of structural and functional early human develop- 
ment (1-11). 


FROM FERTILIZATION TO IMPLANTATION— 

THE FIRST 4 WEEKS 

Introduction of the color Doppler made it possible to visualize 
blood vessels that enabled detailed examination of small 
vessels such as arteries supplying preovulatory follicle, corpus 
luteum, or endometrium (Figs. 1-5). Perifollicular vascular- 
ization can help in the identification of follicles that are 
containing high-quality oocytes with a high probability of 
recuperating, fertilizing, cleaving, and implanting. The 3D 
ultrasound makes it also possible to visualize cumulus 
oophorus (Fig. 6). 

Fertilization is the end of the complicated process of 
conjunction of gametes by entering one spermatozoon into 
the oocyte. The gamets, ovum and sperm, contain half of 
the number of the chromosomes (haploid) compared with the 
number present in somatic cells (diploid). They obtain haploid 
number of chromosomes through the process of meiosis 
during the gametogenesis (4). The oocyte is approximately 
120 um in diameter and has a thick membrane known as zona 
pellucida. The spermatozoon moves using the flagellum or tail, 
and the total length of the spermatozoon including the tail is 
601m. Both oocyte and spermatozoon are highly specialized 
sex cells. Oocytes are produced in the ovary and expelled from 
it during the ovulation after which fimbriae of the fallopian 
tube sweep the oocyte into the ampulla where it can be 
fertilized. Sperms are produced in seminiferous tubules of the 
testes and stored in epididymis and ductus deferens. Ejacula- 
tion of semen results in the deposit of million sperms in the 
vagina around the external uterine os. They pass through 
the uterus and tubes and in the ampulla they surround the 


secondary oocyte if it is present. When the sperm enters the 
oocyte, the nucleus of the mature oocyte consists of the female 
pronucleus and the head of the sperm separates from 
the tail and enlarges to become male pronucleus. Fertilization 
is complete when the pronuclei unite and the maternal and 
paternal chromosomes intermingle during metaphase of the 
first mitotic division of the zygote. That cell is the primordium 
of the human being. The inification of the pronuclei restores a 
haploid number of chromosomes and completes the fertiliza- 
tion. Therefore, fertilization is a distinct moment when the 
diploid cell is formed and the development of an individual 
human begins (3). 

Transfer of the oocyte is facilitated by the changing 
endocrine milieu of the early luteal phase with its rising ratio 
of progesterone to estrogen, which affects the oviductal and 
uterine musculature and relaxes the isthmic sphincter. It is 
probable, however, that the cilia, rather than the musculature, 
are the primary active transporters of the conceptus. Thus, 
pharmacologic inhibition of oviductal muscles does not 
prevent transfer of the conceptus. Furthermore, if a segment 
of oviduct is excised, turned around, and replaced such that 
cilia beat away from the uterus, the conceptus moves to that 
part of the oviduct and then it stops (Figs. 7-9) (4). 

Already few minutes after the ovulation, oocyte is located in 
the ampullar part of the fallopian tube. It is surrounded by the 
zona pellucida. On the surface of the zona pellucida, there are 
few rows of the granulosa cells that make corona radiata. At the 
periphery of the corona radiata are left cells of cumulus 
oophorus. Often, these three units are called oocyte-corona— 
cumulus complex. Capability for the fertilization is limited: 
oocyte can be fertilized only 6 to 12 hours after the ovulation. 
Sperms are capable for fertilization 48 to 72 hours, until they 
are movable. Fertilization occurs in the ampullar part of the 
fallopian tube. The process of fertilization begins with 
conditioning of the spermatozoon in the male and female 
reproductive tracts. Thereafter, fertilization involves not only 
the egg itself but also the various investments that surround the 
egg at the time it is released from the ovary follicle. Fertilization, 
therefore, is not an event; it is a complex biochemical process 
requiring a minimum of 24 hours to complete syngamy 
(formation of a diploid set of chromosomes). During that 
process, there is no commingling of maternal and paternal 
chromosomes within a single nuclear membrane (pre-zygote); 
after this process, the paternal chromosome material is 
commingled (zygote). The most important activity of this 
new cell is the recognition of the new genome that presents the 
principal information center for the development of the human 
being and for all its further activities. 
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Follicular blood flow 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


Figure 1 Visualization of morphology and vascularity of preovulatory ovarian follicle on the 10th and 11th day of menstrual cycle. 


Corpus luteum 


Organization 


Figure 2 Developmental stages of fresh corpus luteum displayed by transvaginal color Doppler. 


Early Development of the Embryo 

After syngamy, the zygote undergoes mitotic cell division as it 
moves down the fallopian tube toward the uterus. Shortly after 
gene activation, conceptus shows marked quantitative increase 
in its biosynthetic capacity. Net synthesis of mRNA and 
protein increases, transport of amino acids and nucleotides 
into the cells rises, and changes occur in the synthetic patterns 
of phospholipids and cholesterol. The growth and metabolic 
activity of the preimplantation conceptus in vitro has been 
shown to be stimulated by a number of growth factors that 
vary between species and include insulin-like growth factors 
(IGF-1 and 2), transforming growth factors alpha (TGF-alpha) 
and beta (TGF beta 1 and 2), epidermal growth factor (EGF), 
and platelet-derived factor A. Receptors of those factors have 
been identified on human conceptus. Synthesis of many of 


those factors has been detected in early conceptus itself or in 
maternal tissues; therefore, it is reasonable to conclude that 
these factors act as autocrine or paracrine agents that promote 
the early development (3-5). 

A series of mitotic divisions lead to the development of the 
pre-embryo. The newly divided cells are called blastomeres. 
24 hours after fertilization from single-cell zygote two-celled 
embryo is developed. 2 days after the fertilization embryo 
consists of 6 to 8 blastomeres. Blastomeres form cellular 
aggregates of distinct, totipotent, undifferentiated cells 
that retain the capacity to develop independently into normal 
pre-embryos. After every division, blastomeres become half of 
their previous size keeping the total size the same as in the 
beginning when it was just one cell. All up to eight-cell 
phase, blastomeres are cluster of cells inside the zona pellucida. 
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Figure 3 Improved visualization of perifollicular blood flow by three- 
dimensional power Doppler. 
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Figure 4 Vascularization of nonpregnant uterus. 


But after the third division, they lose their round shape and 
they impact one to the other making compact round cluster of 
cells that are tightly connected by tight junctions. With that 
change, which is called compaction, cells from the outside start 
to differentiate from those inside. Third day after the 
fertilization, cells of the compact embryo divide again and 
morula arises. It contains 16 cells, outer part from which 
trophoblast will appear and inner cells from which embryo 
will appear. 

Blastocyst enters the uterine cavity. In most species, it 
appears at the 32- to 64-cell stage. Inner part of cells is then 
called embryoblast and it is located on one side of the blastocyst. 
Outer part of cells is trophoblast and it makes epithelial surface 
of the blastocyst. The expansion of the blastocele is stimulated 
by growth factors EGF and TGF-alpha (4). Throughout 
the development, from fertilization to the blastocyst, conceptus 
remains enclosed in zona pellucida. Zona pellucida has 
two functions. First, it prevents blastomeres of the conceptus 
from falling apart during early cleavage period prior to 
compaction. If conceptus does divide into two distinct groups 
of cells at this time, monozygotic twins result. Second, 
it prevents two genetically distinct conceptuses from sticking 
together to make a single chimeric conceptus (4). Free-living 


Spiral artery blood flow 
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Figure 5 Richly vascularized thickened endometrium at the day of embryo 
transfer. 


Cumulus oophorus 


Figure 6 Surface of ovary of a young patient. Follicular cyst and follicle with 
intrafollicular structure visualized by three-dimensional sonography. 


blastocyst is bathed in uterine secretions from which it 
draws the oxygen and metabolic substrates important for 
growth and survival. There is a limit of the size that free-living 
conceptus can attain before such exchanges become inade- 
quate. Before that critical stage is reached, conceptus grows its 
own blood vascular system. It also grows highly vascularized 
zones at its extraembryonic surface through which the 
interchange of materials with maternal tissues is particularly 
facilitated. During the pre-, peri-, and postimplantation stages 
of pregnancy, conceptus utilizes maternal juices almost 
exclusively. That sort of nutrition is called histiotropic. 
However, this source becomes progressively inadequate and 
so with the successful conclusion of implantation, in maternal 
endometrial tissue, develops a corresponding specialized and 
vascularized region. That region will become a placenta, and 
this sort of nutrition is called hemotropic. 

When zona pellucida disappears, it makes it possible for 
blastocyst to implant into the endometrium (Fig. 10). 

Once entering the uterus, the conceptus engages in an 
elaborate interaction with the mother in which several 
messages are transmitted in both directions. First, conceptus 
establishes physical and nutritional contact with the maternal 
endometrium at the implantation. Failure to do so would 


73-4 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


(D) 


Classification of perifollicular vascularity according to the percentage of color by power doppler: 
A) Grade |, when color mapping takes up less than 25% of the follicular circumference; 
B) Grade II, when color mapping covers between 25 and 50%; 
C) Grade Ill, if color signal appears between 50 and 75%; and 
D) Grade IV, color mapping between 75 and 100% of the follicular perimeter. 


Figure 7 Power Doppler display of vascularization of periovulatory follicle. 


deprive the conceptus of essential nutritional substrates and 
arrest in growth. Second, conceptus signals its presence to 
maternal pituitary—ovarian axis; somehow it must convert the 
whole female reproductive system from cyclic pattern to a 
noncyclic in which progesterone dominates. 

At the time when blastocyst is prepared for implantation, 
in the middle of the luteal phase of cycle, endometrium is 
about 10 to 14mm thick. It is prepared for the implantation 
by various factors: EGF, IGF-I, and local paracrine and 
autocrine factors. From day 16 to 22, the receptivity of the 
endometrium is the highest, which is called “implantation 
window.” At that time, a large number of pinopodes 
(outgrowth of cytoplasm of endometrial cells) occur, and 
help blastocyst to implant. When zona pellucida disappears, it 
makes it possible for conceptus to make contact with decidual 
endometrium. Implantation consists of three phases: apposi- 
tion, adhesion, and invasion. Apposition and adhesion 
are assisted with adhesive molecules of endometrium like 
laminin, fibronectin, and receptors like integrins. Conceptus 
produces signals that make change in mother’s blood flow. It 
produces early pregnancy factor, which has immunosuppres- 
sive effect. By the beginning of the implantation, proteases and 
matrix metalloproteinases are activated. Conceptus that is 
stuck to the surface of the endometrium begins its invasion. 


Enzymes of the trophoblast invade mother’s circulation and 
build hemochorial placentation. 

In some species, implantation is invasive (humans) in 
difference to some where it is noninvasive. Invasive conceptus 
tends to be smaller at attachment and only a few trophoblast 
cells are involved in making contact with the maternal 
endometrium. Within few hours, increased vascular perme- 
ability is observed. This is associated with edema and a 
progressive sprouting and ingrowth of capillaries. The stromal 
reaction is particularly marked in primates where it is called 
primary decidualization reaction. The uterine glandular and 
decidual tissue adjacent to the invading trophoblast of the 
conceptus is destroyed. It releases primary metabolic sub- 
strates: lipids, carbohydrates, nucleic acids, and proteins, 
which are taken by the growing conceptus. Decidual tissue 
thus functions like a large yolk reservoir. 

The invasiveness of the conceptus is influenced by the 
effectiveness of the decidual response. The depth of the 
invasion varies between species. Those species in which 
the conceptus invades the stroma so deeply that the surface 
epithelium becomes restored over it are called to be implanted 
interstitially. 

Endometrium that occurs in the attachment process 
involves leukemia inhibitory factor (LIF). It is produced by 
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Patterns of endometrial echogenicity: 
A) Non “triple-line” endometrium; 

B) Proliferative “triple-line” endometrium 
C) Secretory endometrium. 


Figure 8 Endometrial thickness and rich vascularization indicating good uterine receptivity. 


the cells of the endometrial glands under the influence of 
estrogen. Receptors for LIF also appear in both the epithelium 
and the stroma of the endometrium around the time of 
implantation. Seems like LIF promotes endometrial receptivity 
to attachment and/or subsequent decidualization. 

In the presence of the estrogen, either the conceptus 
produces the signal or the local endometrium becomes 
sensitive to a signal being already sent. The nature of this 
putative signal is unknown, but it induces the HB-EGF 
production locally and the conceptus in turn responds in 
shedding its zona, attaching and invading (4). 

The invasiveness of the trophoblast depends of the 
expression and regulation of the different proteolytic enzymes. 
TGF-beta promotes decidualization and controls trophoblastic 
invasion. Histamine and prostaglandins are involved in the 
stromal response: inhibition of either one of them reduces the 
decidualization. 

An important feature of decidual response is increase 
in vascular permeability and growth of new capillaries 
(angiogenesis). 

As implantation proceeds, trophoblast differentiates into 
two layers: inner cytotrophoblast and outer syncytiotropho- 
blast. Around day 9, syncytiotrophoblast cells begin to produce 
human chorionic gonadotropin (hCG). It maintains the thick 
endometrium and can be detected in maternal blood or urine, 
which is used for early pregnancy testing (3). 

A small intradecidual gestation sac can be seen by transvaginal 
sonography between 32 and 34 days (Figs. 11 and 12). The 


secondary yolk sac is the earliest extraembryonic structure 
normally seen within the gestational sac at the beginning of the 
5th gestational week (Fig. 13). Yolk sac volume increases from 
week 5 to 10. When it reaches its maximum at week 10, it would 
have already started to degenerate, which can be seen by the 
significant reduction in visualization rates of the yolk sac 
vascularity. The start of embryo-chorionic circulation changes 
the source of nourishment to all intraembryonic tissues. 
Development of the embryo becomes dependent on the 
circulation of embryonic blood. In the embryo, there are three 
distinct blood vascular systems: vitelline circulation (from yolk 
sac to embryo), intraembryonic circulation, and feto-placental 
circulation. It is possible to visualize and assess them virtually 
from conception. 

At 5 weeks it is possible to obtain a 3D image of the 
developing intervillous circulation in the maternal site of the 
placenta (Fig.14). Doppler shows intense vascular activity 
surrounding the chorionic shell. At 7 weeks 3D power Doppler 
images depict aortic and umbilical blood flow. 


DEVELOPMENT OF EMBRYO THROUGH FIRST 

4 WEEKS 

Along with the implantation process, changes occur in the 
embryoblast to produce a bilaminar embryonic disc, com- 
posed of the epiblast and the hypoblast. Early in the 2nd week, 
the amniotic cavity appears as a space lined with amnioblasts 
derived from the epiblast. By the end of the 2nd week, the 
embryonic disc becomes oval in shape. Along the median line 
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Echographic characteristics of implantation and early placentation 


Endometrium - secretory phase (3—4 weeks) 
e The “triple - line” disappears and is replaced by an 
echogenic pattern. At this stage the endometrium is at 
the maximum thickness as it reaches upto 14mm. 


Figure 9 Vascularization is very obvious in the secretory phase of menstrual cycle. 


in the posterior region of the embryonic disc, a thickening of 
the epiblast called the primitive streak appears, and it defines 
the longitudinal axis of the embryo. During the 3rd week, 
lateral epiblast cells migrate medially, enter the primitive 
streak, and then converge to form the primitive groove. 
During the latter half of the 3rd week, drastic changes for 
morphogenesis (development of the body form) begin. The 
embryonic disc elongates craniocaudally to become pear- 
shaped and then slipper like. Cranial to the primitive node, a 
thickening of the ectoderm appears bilaterally and is called the 
neural plate because it will eventually develop into the 
neural tissue. Between the bilateral neural plates, a longitudinal 
neural groove develops in the midline, flanked by the neural 
folds bilaterally. Around day 20, the bilateral neural folds begin 
to fuse with each other to form the neural tube, which is the 
primordium of the central nervous system (CNS; brain and 
spinal cord). The rostral (anterior) neuropore normally closes 
on days 24 to 26, and the caudal (posterior) neuropore closes 
by 28 days. When the neuropores close completely, three brain 
vesicles (forebrain or prosencephalon, mesencephalon or 
midbrain, and rhombencephalon) have already appeared. 
Rarely the neural tube fails to close completely, resulting in a 
variety of neural tube closure defects such as anencephaly, 
encephalocele, myeloschisis, and myelomeningocele. 


By the end of the 3rd week, the paraxial mesoderm 
condenses segmentally along the midline to form somite 
pairs. First the somites are recognized as conspicuous surface 
elevations and gradually increase in number craniocaudally. 
The somites give rise to most of the axial skeleton, trunk and 
limb musculature, and dermis of the skin. The formation and 
specification of somite segments are controlled by a unique 
combination of Hox genes (Hox code). Concurrent with 
somite differentiation, the intraembryonic coelom arises as 
isolated spaces between the layers of the lateral plate 
mesoderm, which is the primordium of body cavities. The 
coelomic cavities subsequently coalesce to form a single, 
horseshoe-shaped cavity that eventually gives rise to the 
pericardial, pleural, and peritoneal cavities. 

At the beginning of the 4th week, the embryo is almost 
straight. During the 4th and 5th weeks, the embryo body 
undergoes a drastic shape change as a result of embryonic 
folding. Embryonic folding occurs in both the longitudinal 
and the horizontal planes, resulting from the rapid growth 
of the embryo, especially the brain and spinal cord, as 
well as the expansion of the amniotic cavity. Folding of 
the embryo in the horizontal plane rolls the lateral parts 
of the embryonic disc ventrally and forms a cylindrical 
embryo. 
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Implantation signs: 


e Local 
e General 


e Direct 
e Indirect 


e Physical findings 
* Biochemical tests 


e Clinical symptoms 

* Echographic markers 
biometry 
morphology 
circulation 


Figure 10 Schematic illustration of the process of implantation. 


Echographic characteristics of implantation and early placentation 


Gestrational sac (5th week) 
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Figure 11 Gestational sac at 5 weeks visualized by two-dimensional sonography. 
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Another important developmental event that occurs during 
the 4th week is the emergence of limb buds. Forelimb buds 
appear by 28 days and hindlimb buds about 2 days later. By the 
end of the 4th week, the embryo is in a C-shape. 

During the 5th week, limb buds elongate and their distal 
ends become paddle shaped. The second pharyngeal arch 
overgrows the third and fourth arches and forms an 
ectodermal depression known as the cervical sinus. Ultra- 
sonography reveals some primitive spontaneous movements 
of the embryo, such as twitching of the trunk, in the 7th week. 


Echographic characteristics of implantation and early placentation 


Establishment of intervillous circulation (IVS). 
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During the 6th week, the upper limbs undergo rapid 
morphologic differentiation, and digital rays, indicating 
that the future digits are recognizable. By the end of this 
week, the elbow and wrist regions become clearly 
identifiable. Retinal pigment is visible in the eyes. On the 
first and second pharyngeal arches, six swellings develop 
as the primordia of the auricle of the external ear. As 
a result of the rapid growth of the brain, the head is larger 
relative to the trunk and starts to lie over the cardiac 
prominence (1-6). 


Echographic characteristics of implantation and early placentation 
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Figure 14 Development of intervillous circulation visualized by three-dimensional power Doppler (left) and conventional Doppler (right). 
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ULTRASONIC VISUALIZATION OF EARLY HUMAN 
DEVELOPMENT 

Gestational sac can be visualized from the middle of the 5th 
week of amenorrhea as a small spherical anechoic structure 
placed inside one of the endometrial leafs (7). Planar mode 
tomograms are helpful in distinguishing early intraendome- 
trial gestational sac from collection of free fluid between the 
endometrial leafs (pseudogestational sac). The 3D sonogra- 
phy enables precise measurement of exponentially expanding 
gestational sac volume during the first trimester. At the 
beginning of the 5th week, small secondary yolk sac is visible 
as the earliest sign of the developing embryo (Fig. 15). 
Adjacent to the yolk sac, embryo can be seen as a small 
straight line when it reaches 2 to 3mm in length at the end of 
the 5th week. 


Six Weeks 

Typical characteristics of the 6th week embryo include a 
rounded bulky head and a thinner body. The head is 
prominent due to the developing forebrain. Limb buds are 
rarely visible in this stage of pregnancy. However, umbilical 
cord and vitelline duct are always clearly visible. At this stage of 
pregnancy, the planar mode will allow for more accurate 
assessment of multiple pregnancies. 


9w0d 


Seven Weeks 

During the 7th week, fast development of rhombencephalon 
(hindbrain) takes place. This process gives even more 
prominence to the head. By the use of planar mode developing, 
vesicles of the brain can be depicted as anechoic structure inside 
the head. The biggest and usually the only visible part is 
rhombencephalon placed on the top of the head (vertex). 
Diencephalon and its cavity become visible few days later. The 
head is strongly flexed anteriorly being in the contact with the 
chest. Limb buds are often visible laterally to the body. 


Eight Weeks 

During the 8th week of pregnancy, there is expansion of the 
ventricular system of the brain (lateral, third, and midbrain 
ventricles). The shape of the face is becoming apparent, but the 
flexion of the cranial pole still makes it difficult to view the face 
entirely (Fig. 15). The vertex is now located over the position 
of the midbrain. Structures of the viscerocranium are not 
visible due to the small size. Arms and feet are clearly visible. 
Insertion of the umbilical cord is visible on the anterior 
abdominal wall. During the 8th and 9th weeks, developing 
intestine is being herniated into the proximal umbilical cord. 
The amnion can be clearly seen and the extraembryonic 
coelom is still larger in volume than the amniotic sac. 


Figure 15 Normal morphologic development from 5 to 10 weeks of gestation. 
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The extraembryonic space will appear more echogenic than 
the amniotic sac. The ventricular cavities are characteristically 
cystic, particularly the rhombencephalon. This should not be 
confused with an early diagnosis of Dandy Walker cyst. 


Nine to Ten Weeks 

Cerebral hemispheres continue with development during the 
9th and 10th weeks of pregnancy. Visible are lateral ventricles 
containing hyperechoic choroid plexuses. The head is clearly 
divided from the body by the neck. External ear is sometimes 
depicted in the 3D surface image. Herniation of the midgut is 
present. Dorsal column, the early spine, can be examined in its 
whole length. The arms with elbow and legs with knee are now 
visible. Feet can be seen approaching the midline (Fig. 15). 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


Eleven to Twelve Weeks 

During the last phases of the end of the first trimester, striking 
changes in the development of the head and neck continue. 
Details of the face such as the nose, orbits, maxilla, and 
mandible are visible. Herniated midgut returns to the 
abdominal cavity. 

Planar mode enables detailed analysis of embryonic body 
with visualization of the stomach and urinary bladder. Kidneys 
are also often visible. Arms and legs continue with develop- 
ment. Long bones can be visualized as hyperechoic elongated 
structures inside upper and lower extremities. Fingers and toes 
are visible (Fig. 16). Detailed 3D analysis of fetal spine, chest, 
and limbs is obtainable by using the transparent X-ray-like 
mode. 


Figure 16 Fetus at 11 weeks showing movement of upper and lower extremities (A-D). 
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Excellent visualization has been achieved by the 3D and 
4D ultrasound combined with the transvaginal approach 
(1,6,8,10,11). Demonstration of small embryo less than 
10mm is still difficult. Figure 17 shows 18.3mm-CRL 
(crown-rump length) embryo at 8 weeks of gestation and 
macrographic pictures of an aborted specimen at the same 
gestational age. 

Maximum mode of 3D ultrasound can clearly demonstrate 
fetal bony structure. Rapid ossification of craniofacial bones 
dramatically occurs during the first trimester. Craniofacial 
bony structure can be demonstrated from 10 weeks of 
gestation by ultrasound. Figures 18 and 19 show premature 
structure of craniofacial bony structure visualized by using 
maximum mode of 3D ultrasound at 11 and 14 weeks of 
gestation respectively. 

Difference of frontal bone appearance between 11 and 14 
weeks indicates membranous ossification of cranium in this 
stage. Figure 20 demonstrates bony structure of the occipital 
region of head at 13 weeks of gestation. 

During early embryonal period, the CNS structure 
rapidly changes its appearance. The 3D ultrasound produced 


Premature 
spinal cord 
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high-resolutional images of embryos in early stage by tomo- 
graphic ultrasound imaging and three-orthogonal imaging 
technologies (Figs. 21-26). 

Indeed, advances described deserve the adjective “breath- 
taking,” in particular 4D parallel study of the structural and 
functional early human development (12-23). 

Those 3D neuron-sono-embryologic imaging in utero may 
change embryonal staging in vivo in future, from “gestational 
age based on menstrual period or measurement of CRL” into 
“morphologic staging system” such as Carnegie staging in 
embryology. Indeed, improvements in the visualization 
deserve the adjective “breathtaking” in the better inside into 
the early human development (1,6,24—29). 


THE ASSESSMENT OF VASCULARITY BY 3D POWER 

AND COLOR DOPPLER SONOGRAPHY 

By adding colored blood flow signals to the gray scale image or 

extracting just the color-coded signals, it is possible to depict 

3D image of vascular features of early pregnancy (Fig. 27). 
This enables research of longitudinal changes in embryo- 

nic and early uteroplacental circulation. It has been found 


Figure 17 Three-dimensional ultrasound images of the embryo at 8 weeks of gestation (left) and macroscopic pictures of aborted fetus at the same gestation 
(right). Normal 8-week embryo. Lateral view (upper left) and occipital view (lower left). Occipital view shows the premature spinal cord that is seen in the right 


picture. Source: From Ref. 6. 


73.12 CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


—* Maxilla 


Mandible 


Figure 18 Three-dimensional maximum mode image of normal craniofacial structure at 11 weeks of gestation. Premature bony structure of frontal bone (F), 
parietal bone (P), nasal bone (NB), maxilla, and mandible are recognizable. Source: From Ref. 6. 
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Figure 19 Three-dimensional maximum mode image of normal craniofacial structure at 14 weeks of gestation. (Left) oblique view. (Right) frontal view. Anterior 
fontanelle (AF), sphenoidal fontanelle (SF), frontal suture (FS), coronal suture (CS), nasal bone (NB), maxilla, and mandible are gradually formed according to 
cranial bony development. Source: From Ref. 6. 
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Figure 20 Three-dimensional maximum mode image of occipital view at 13 weeks of gestation. Note the premature occipital bone appearance. Midline crack is 
demonstrated. Abbreviations: S, Sagittal suture; P, parietal bone; PF, posterior fontanelle; O, occipital bone; Cla, clavicula; Sca, scapula; LS, lambdoid 


suture. Source: From Ref. 6. 


Figure 21 Tomographic sagittal imaging of normal fetus at the beginning of 8 weeks of gestation. Source: From Ref. 6. 


that 3D power Doppler can clearly depict the full 3D 
continuation of early embryonic and umbilico-placental 
circulation. By adding the pulsed Doppler, pulsations from 
the embryonic aorta and umbilical artery can be identified 
as early as the 6th week of gestation. Umbilical artery is 
characterized by pulsations with absent end-diastolic 


velocities. Between the llth and 14th weeks, diastolic 
velocities gradually emerge (24). Placental branches of 
umbilical artery are easily depicted by 3D power Doppler 
(12,30-39). 

Intracranial circulation becomes visible from the 8th week 
of gestation (Fig. 28). 
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Figure 22 Three orthogonal image and thick slice of three-dimensional reconstructed image (right lower) of normal brain at the end of 8 weeks of gestation. The 
development of premature ventricular system is seen. Note the different appearance from the beginning of 8 weeks of gestation. Source: From Ref. 6. 


Figure 23 Sagittal section and coronal sections of 10-week fetus. CP, choroid plexus of the lateral ventricles. Source: From Ref. 6. 


Figure 24 Normal brain at 10 weeks. Tomographic ultrasound imaging of sagittal (left upper), coronal (right upper), and axial (lower) sections. Choroid plexus 
(CP) occupies most of the lateral ventricles. Source: From Ref. 6. 
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Figure 25 Normal brain at 12 weeks. Tomographic ultrasound imaging of sagittal (left upper), coronal (right upper), and axial (lower) sections. Choroid plexus 


(CP) still occupies most of the lateral ventricles. Source: From Ref. 6. 


Figure 26 Normal brain development on the midsagittal section between 8 and 12 weeks of gestation. Source: From Ref. 6. 


The 3D power Doppler image presents early vascular 
anatomy on the base of the skull with branches evolving 
laterally to the mesencephalon and cephalic flexure. Pulsed 
Doppler signals are initially characterized by the absent end- 
diastolic velocities. Continuous pan-diastolic flow emerges at 
the gestational age of 9 to 10 weeks. A significant decrease in 
impedance was observed in intracranial vessels with advancing 
gestational age, being more pronounced than that in the other 
parts of the fetal circulation (12,22). 

From the maternal side of placenta, it is possible to obtain 
the simultaneous 3D imaging of the developing intervillous 
circulation during the first trimester of pregnancy (Fig. 32A 
and 32B). 

The 3D power Doppler reveals intensive vascular activity 
surrounding the chorionic shell starting from the first 


sonographic evidence of the developing pregnancy during the 
5th week of gestation. 

Hyperechoic chorionic ring is interrupted by color-coded 
sprouts that penetrate its limits. These are areas of developing 
intervillous circulation. Pulsed Doppler reveals blood flow of 
two types in these areas: a pulsatile arterial like and a 
continuous venous like (27—29). All were in concordance with 
clear histomorphology evidence that spiral arteries began to 
open directly into the intervillous space during the second 
month of gestation (29). 


FUNCTIONAL DEVELOPMENT OF CNS 

The structural and functional development of the human 
CNS begins in the early embryonic period and proceeds 
through a sequence of very complicated processes long 
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Figure 27 On 4th and 5th weeks of the normal pregnancy, endometrium more (A) or less (B) vascularized, but it is always possible to distinguish a three- 
dimensional color signal penetrating to gestational sac. We named this finding the “comet sign” and it indicates the implantation site. 
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Figure 28 Embryo at 8 weeks. Left picture showing clear morphology with normal appearances of head, limbs, and body on the three-dimensional picture. Right 
part of picture is made by three-dimensional power Doppler technology visualizing fetal aorta and earliest appearance of middle cerebral artery. 


9 Weeks 


Figure 29 Three-dimensional (3D) static visualization of morphology of early fetus at 9 weeks (left) and 3D power Doppler visualization of umbilical cord 
vascularity, fetal aorta, and maternal part of circulation (right). 
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10 Weeks 


Figure 30 Morphology and vascularization of fetus at 10 weeks of gestation. 


11 Weeks 


Figure 32 Uterochorionic, intervillous, and fetal circulation at 8th (A) and 10th (B) weeks of pregnancy. Abbreviations: UCV, uterochorionic (spiral and radial) 
vessels; IVF, intervillous blood flow; UV, umbilical vessels; H, hear; DV, ductus venosus; CV, cerebral vessels; ACV, antichorionic vessels. 


after delivery (40). It is important to point out that the 
caudal region of the neural tube gives rise to the spinal 
cord and the rostral region becomes the brain. The initial 
development is completed at 7 weeks of gestation (5 weeks 
after conception), when all five major subdivisions of the 
brain are clearly visible: the telencephalon, diencephalon, 
mesencephalon, metencephalon, and myelencephalon 
(Fig. 33) (41). 


The earliest interneuronal connections, the synapses, can be 
detected in the spinal cord shortly before the onset of 
embryonic motility, at 6 to 7 weeks of gestation (42). Therefore, 
the neural activity leading to the first detectable movements is 
considered to originate from the spinal motoneurons (43). 
Another important prerequisite for the motility is the 
development and innervation of muscular fibers. It is well 
known that primitive muscle fibers (myotubes) are able to 
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3D ultrasound of embryo at 8 weeks of gestation 


Development of the CNS Prenatal motor development 


First interneuronal connections: 6-7 weeks 


First neuromuscular connections: 6-8 weeks 


First detectable movements — originate from spinal 
motoneurons 


Brain stem begins to develop: 7 weeks 


Basic structures of the diencephalon and cerebral 
hemispheres: end of the 8th week 


Vermicular movements: 7-7.5 - slow 
flexion/extension of fetal trunk 


First motor reflexes: 7.5 weeks 


General movements: 8 - head, trunk and limb 
movements 


Figure 33 The main events in the development of the central nervous system (CNS) and motor development during the first 8 weeks of pregnancy. Source: 


From Ref. 40. 


contract as soon as they are innervated by motoneurons (44). 
Between 6 and 8 weeks of gestation, muscle fibers have formed 
by fusion of myoblasts, efferent and afferent neuromuscular 
connections have developed, and spontaneous neural activity 
causing motility can begin. 

The main events in the development of the CNS and motor 
development during the first 8 weeks of pregnancy are 
presented in Figure 33. The first spontaneous embryonic 
movements are gross body movements and they can be 
observed at the 7 to 7.5th weeks of gestation. They consist of 
slow flexion and extension of the fetal trunk, accompanied by 
the passive displacement of arms and legs (45). These, so-called 
vermicular movements appear in irregular sequences (46). 
Simultaneous with the onset of spontaneous movements, at the 
7.5th week of gestation, the earliest motor reflex activity can be 
observed, indicating the existence of the first afferent—efferent 
circuits in the spinal cord (47). The first reflex movements are 
massive and indicate a limited number of synapses in a reflex 
pathway. General movements are the first complex, well- 
organized movement pattern, which involve head, trunk, and 
limb movements. This pattern has been interpreted as the first 
sign of a supraspinal control on motor activity (48,49) and can 
be recognized from 8 to 9 weeks of gestation onward (49,50). 

It is very important to note that even at this early stage of 
development, embryonic and fetal movements appear in 
recognizable temporal sequences, without any amorphous or 
random movement. The explanation for this fascinating 
phenomenon lies in the intrinsic properties of neurons. That 
means that neural cells begin to generate and propagate action 
potentials as soon as they interconnect (51). The intercon- 
nected neurons generate patterned activity because of 


endogenous properties of the neurons (52). Recent investiga- 
tions have shown that neurons are able to communicate 
through non-synaptic mechanisms even before the onset of 
synaptogenesis (53-55). 

The brain stem is fashioned around the 7th week of 
gestation (48) and basic structures of the diencephalon and 
cerebral hemispheres are formed by the end of the 8th 
gestational week (56). The remarkable expansion of the 
cerebral hemispheres follows during the remainder of 
gestation. The development of synapses in the human cerebral 
cortex begins after the formation of the cortical plate, at the 
end of the 10th week of gestation (53,57). 

The brain stem consists of the medulla oblongata, pons, and 
midbrain (Fig. 34). 

It forms and matures in a caudal to rostral direction. That 
means that the phylogenetically older structures, such as the 
medulla oblongata, will form and mature earlier in the 
gestation. The major structures of the medulla oblongata are 
fashioned by 7th to 8th week of gestation and are completely 
matured by 7 months of gestation (48). In addition to its 
many subnuclei, the medulla gives rise to a variety of 
descending spinal motor tracts that reflexively trigger limb 
and body movements. It also hosts the five cranial nerves 
(VII-XII), which exert tremendous influences on gross 
body movements, heart rate, respiration, and the head 
turning. As the medulla matures in advance of more rostral 
structures of the brain stem, reflexive movements of the 
head, body, extremities, as well as breathing movements 
(Fig. 34) and alterations in heart rate, appear in advance of 
other functions. The formation of pons begins almost 
simultaneously, but its maturation is more prolonged. The 
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Figure 34 The main events in the development of the central nervous system (CNS) and motor development during the last 6 weeks of the first trimester. 


From Ref. 40. 
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Figure 35 Image of the fetus recorded by three-dimensional/four-dimensional sonography, showing isolated finger movements. 
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Figure 36 Fetal movement at 10 weeks and 6 days. Active arm movements (A-E) are associated with active body and lower limb movements. Despite active 
movements of glenohumeral and elbow joints at this stage, wrist and finger movements were not visualized in most cases. 


Figure 37 Fetus at 11 weeks still opens the palms but five digits are no longer on the same layer (A). Mild adduction of the thumb and atonic fingers were observed 
and the palm appearance was clearly different from that in 9 and 10 weeks (B). 


12 Weeks 


Figure 38 Clench (A) and unclench (B) of the fist at 12 weeks. At this stage, fetuses start to clench and unclench their fists. 
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structures of the pons include the V to VIII cranial nerves 
(vestibular nuclei of the nerve VIII) and the medial 
longitudinal fasciculus, pontine tegmentum, raphe nucleus, 
and locus coeruleus, which exert widespread influences on 
arousal, including the sleep-wake cycles. Facial movements, 
which are also controlled by V and VII cranial nerve, appear 
around 10 to 11 weeks. 

At 10 weeks of gestation, lateralized behavior may be 
observed, and the fetus begins to show the earliest signs of 
right- or left-handedness. Stimulation of the brain is known to 
influence brain organization and it is argued that fetal motor 
activity may eventually stimulate the brain to develop 
“handedness” and subsequent lateralization of the function 
(58,59). From 10 weeks onward, the number and frequency of 
fetal movements increase and the repertoire of movements 
begins to expand. Qualitative changes in general movements 
can also be observed. These movements, which are slow and of 
limited amplitude during 8 and 9 weeks, become more forceful 
at 10 to 12 weeks. After the 12th week, they become more 
variable in speed and amplitude (60). The isolated limb 
movements seen at the 9th week of gestation are followed 
by the appearance of the movements in the elbow joint at 
10 weeks, changes in finger position at the 11th week, and 
easily recognizable clenching and unclenching of the fist at 12 
to 13 weeks. Finally, at 13 to 14 weeks, isolated finger 
movements can be observed, as well as increases in the activity 
and strength of the hand/finger movements (61) (Fig. 35). 
Using 4D sonography, Kurjak and collaborators have found 
that from 13 gestational weeks onward, a “goal orientation” of 
hand movements appears and a target point can be recognized 
for each hand movement (62). 

According to the spatial orientation, they classified the hand 
movements into several subtypes: hand to head, hand to mouth, 
hand near mouth, hand to face, hand near face, hand to eye, and 
hand to ear. Our recent longitudinal study, performed by 4D 
ultrasound in 100 fetuses from all trimesters of normal 
pregnancies, has shown increasing frequency of various move- 
ment patterns, such as general movements, isolated arm and 
leg movements, stretching, as well as head movements, during 
the first trimester. Only the startle movement pattern seemed 
to occur stagnantly in this period of gestation (63). Using 
4D sonography, general movements were found to be the most 
frequent movement pattern between 9 and 14 weeks of 
gestation (64). Furthermore, the advanced ultrasonic techni- 
ques, 3D and 4D sonography, significantly improve the 
assessment of structural and functional development of 
embryonic and fetal CNS (65-67). Some illustrative examples 
are shown on Figures 36, 37, and 38. 

The development of CNS begins rather early in the 
embryonic period and proceeds throughout the gestation 
and continues long after birth. 

Although some histogenetic processes are not finished until 
puberty, the neurodevelopmental events are very active in the 
early pregnancy (56). The earliest signs of functional 
development of CNS, such as motility, can be registered as 
early as the late embryonic period (62,68). 

The sequential appearance of specific movement patterns, 
first described by de Vries et al., is presented in Table 1 (68). 

Despite the rapid development and a fascinating variety of 
movements during this early period of gestation, dynamic 
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Table 1 Developmental Sequence of Fetal Behavioral 
Patterns in the First Trimester of Pregnancy (68) 
Postconceptional weeks 

Type of movements 

7 8 9 10 11 
Sideway bending a F + + + 
General movement ae +f + + 
Startle te 4p d +f 
Isolated arm movement + + + 
Isolated leg movements + 
Hiccup +P 
Suckling 4 + i 
Swallowing dt 
Hand to face contact F + 
Head retroflexion + + 
Head anteflexion 
Head rotation Ea + 
Breathing movement 
Stretching 
Jaw opening + $ 
Yawning + 


pattern of neuronal production and migration, as well as the 
immature cerebral circuits, is considered too immature for the 
cerebral involvement in the motor behavior (69). 
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7&4 Group B streptococcus infection 
Jessica Winn and Hung N. Winn 


Group B streptococcus (GBS) (Streptococcus agalactiae), a 
Gram-positive coccus, is one of the major causes of maternal 
or neonatal severe infection and sepsis. Maternal infection 
associated with GBS includes acute chorioamnionitis, en- 
dometritis, and urinary tract infection. Neonatal GBS infection 
is characterized as early onset if occurring within 7 days of age 
or late onset otherwise and involves bacteremia, pneumonia, 
or meningitis (1,2). 


EPIDEMIOLOGY 

Of all pregnant women in the United States, 10% to 30% have 
recto-vaginal colonization with GBS (3-5). In patients with 
preterm labor or preterm premature rupture of membranes 
(PPROM), the incidence of genital colonization of GBS is 
15% (6). Of urinary tract infections during pregnancy, 2% to 
7% result from GBS colonization (7). The incidence of 
neonatal GBS infection (number of cases per 1000 live births) 
was gradually decreased between 1990 and 2008. It was 1.8, 
0.5, and 0.28 in 1990, 2000, and 2008, respectively (8-13). This 
decline can be attributed to screening of pregnant woman for 
GBS colonization and use of intrapartum antibiotic prophy- 
laxis (14-17). Neonatal colonization of GBS may occur as a 
result of in utero ascending infection from the maternal genital 
tract or direct contact during delivery. Vertical transmission 
from the mother to the neonate by either method accounts for 
up to 50% (13) of cases of neonatal GBS colonization, and 1% 
to 2% of these infants will develop early-onset GBS infection 
(14,18-22). The case fatality of early-onset GBS neonatal 
infection varies from 2% to 3% for term infants without 
meningitis to 20% for preterm infants (13,23). Maternal risk 
factors that predispose a neonate to early-onset GBS infection 
include preterm delivery, prolonged rupture of membranes 
(>18 h), PPROM, chorioamnionitis, sustained intrapartum 
fetal tachycardia, GBS bacteriuria during the current preg- 
nancy (>10* cfu/mL), intrapartum fever (temperature of at 
least 38°C or 100.4°F), or prior infant with GBS infection 
(15,16,24,25). The risk of having an infant with early-onset 
GBS is 6.5 times higher in a pregnant woman with maternal 
fever, prolonged rupture of membranes, or preterm birth 
when compared with women who displayed none of the above 
findings (18,26,27). Late-onset GBS neonatal infection may 
occur from maternal—neonatal transmission, or nosocomial or 
community contacts (28,29). 


DIAGNOSIS 

Group B streptococcal colonization can be detected by either 
culture or rapid diagnostic tests. Currently, culture remains 
the gold standard for diagnosing GBS colonization. The yield 
of positive GBS culture is increased by sampling the 
anorectum in addition to the vagina, since the gastrointestinal 
tract is a major reservoir of GBS (5,30). This can be done in a 


single swab. Inhibition of competing organisms by using a 
selective medium such as Todd—Hewitt broth, which contains 
gentamicin, polymyxin B, and nalidixic acid or colistin (24), 
also increases the yield of the GBS culture. The main limitation 
of culture is time. Since culture results are not available for 24 
to 48 hours, management may be problematic if delivery is 
imminent. 

Rapid diagnostic tests of GBS directly detect the extracted 
specific polysaccharide antigen. The available tests use either 
latex particle agglutinization or enzyme immunoassay. These 
tests are relatively easy to perform, are generally less expensive 
than a culture, and produce results within a short period of 
time (usually within 1 hour). Although rapid detection tests 
are highly sensitive in patients who are heavily colonized with 
GBS, their overall rates of sensitivity and high false-negative 
results compared with those of cultures prevent their wide- 
spread clinical application (31-35). These drawbacks for the 
rapid diagnostic tests also exist in the setting of preterm labor 
or PPROM, demonstrating that the rapid latex agglutination 
test fails to identify GBS neonatal infection in (i) heavily, (ii) 
moderately, and (iii) lightly GBS-colonized mothers. More 
importantly, the overall sensitivity of the latex agglutination 
test in identifying maternal—neonatal pairs at risk for GBS 
neonatal infection is only 25% (6). 


TREATMENT 

Intrapartum chemoprophylaxis is effective in reducing the 
attack rate of early-onset neonatal GBS (26). In 2002, the 
Centers for Disease Control and Prevention (CDC) established 
new guidelines for GBS prevention. It recommended screening 
all pregnant women with culture of anogenital specimen at 35 
to 37 weeks of gestation and providing intrapartum chemo- 
prophylaxis for those with positive GBS culture. Specimen 
should be collected with swabbing the lower vagina and the 
lower rectum to obtain the best yield of GBS culture (36-39). 
Women with GBS bacteria during their current pregnancy and 
those with a prior history of having a neonate with invasive 
GBS infection do not need to be screened and should be given 
intrapartum chemoprophylaxis routinely (40). In 2010, the 
CDC maintained the same recommendations (24). Women 
with unknown GBS status at the time of delivery should be 
managed based on the presence of intrapartum risk factors 
[delivery at <37 weeks, rupture of membranes >18 hours, 
fever of 2100.4°F (38°C)] (24). 

Currently, prenatal treatment of asymptomatically colo- 
nized pregnant patients with oral antibiotics is not recom- 
mended, since this approach is unlikely to eradicate maternal 
genital GBS colonization at the time of labor and delivery. Of 
pregnant patients who received antenatal ampicillin or 
aqueous penicillin for genital colonization of GBS, 30% to 
70% remained colonized at delivery (41,42). 
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Patient admitted with signs and symptoms of preterm labor 


y 


Obtain GBS culture and start GBS chemoprophylaxis 


y 


Patient entering true labor? 


Yes Y No 
y 


Continue GBS prophylaxis until delivery 


Discontinue GBS prophylaxis 


v 
Obtain GBS culture results 


Positive 


Not available prior to labor onset and 
patient still preterm 


Negative 


l 


GBS prophylaxis at onset of 
true labor 


y 


No GBS prophylaxis at onset of true 
labor; repeat vaginal—rectal culture if 
patient reaches 35-37 weeks 
of gestation and has not yet delivered 


Figure 1 Algorithm for screening of group B streptococcal colonization and use of intrapartum prophylaxis in women with preterm labor. Abbreviation: GBS, 


group B streptococcus. Ref. 24. 


In 2010, the CDC made recommendations regarding the 
prevention of early-onset neonatal GBS infection in the setting 
of preterm (less than 37 weeks) labor or PPROM (24). Patients 
who develop preterm labor without prior GBS screening during 
the preceding 5 weeks of admission should be screened for GBS 
colonization and provided GBS chemoprophylaxis. The latter 
should be stopped when the GBS screen is negative or preterm 
labor is resolved. GBS screening should be repeated at 35 to 
37 weeks of gestation or when preterm labor recurs more than 
5 weeks since the last GBS screening. Figure 1 summarizes the 
above process for management of patients with preterm labor. 

Patients who develop PPROM should be screened for GBS 
colonization and provided antibiotics for prolonging latency 
period with adequate GBS coverage (ampicillin 2g initially, 
then 1g every 6 hours for 48 hours given intravenously) or 
GBS chemoprophylaxis otherwise. The GBS chemoprophy- 
laxis can be discontinued when the GBS vaginal—rectal 
screening obtained on admission turns out to be negative. 
The patient with PPROM may not need GBS chemoprophy- 
laxis on admission if her GBS screening was negative within 
5 weeks of PPROM. Group B streptococcus (GBS) screening 
should be repeated at 35 to 37 weeks of gestation if she remains 
pregnant at that time. Figure 2 summarizes the above process. 
The patient should receive intrapartum chemoprophylaxis if 
she ever had genital GBS colonization during her pregnancy, 
regardless of the results of intervening GBS cultures and/or 
treatments in both situations of preterm labor and PPROM. 


INTRAPARTUM CHEMOPROPHYLAXIS 
Aqueous penicillin G is the drug of choice with the initial dose 
of 5 million units and maintenance dose of 2.5-3.0 million 


units every 4 hours. Ampicillin is the alternative with the initial 
dosage of 2g and the maintenance dose of 1g every 4 hours. 
Penicillin G is preferable to ampicillin because of its narrower 
spectrum of bacterial sensitivity, thus being less likely to cause 
the selective emergence of other pathogenic bacteria (15). 
Women who are penicillin allergic but do not have a high risk 
of anaphylaxis (defined as a history of anaphylaxis, angioede- 
ma, respiratory distress, or urticaria after administration of a 
penicillin or cephalosporin) should receive cefazolin 2g IV 
initially then 1g every 8 hours. Cefazolin crosses the placenta 
and attains effective amniotic concentrations. Women who are 
allergic to penicillin and at a high risk of anaphylaxis should 
receive clindamycin IV 900mg every 8 hours if (i) the GBS is 
susceptible to both clindamycin and erythromycin or (ii) GBS 
is susceptible to clindamycin, resistant to erythromycin but 
without inducible resistance to clindamycin. Women who are 
allergic to penicillin and at a high risk of anaphylaxis but do 
not meet the above conditions for clindamycin should receive 
vancomycin 1g IV every 12 hours otherwise. Erythromycin is 
no longer used in women who are allergic to penicillin and are 
at high risk for anaphylaxis. Intrapartum chemoprophylaxis 
should be given intravenously until delivery. Figure 3 
summarizes the GBS chemoprophylaxis (24). 


SUMMARY 

Although controversy exists regarding screening and treat- 
ments of GBS colonization in pregnant women, there is a 
consensus that chemoprophylaxis in the intrapartum period 
dramatically reduces the rate of infection in both the mother 
and the neonate. At present, the most cost-effective strategy of 
reducing early-onset GBS infection is universal screening of 
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Obtain vaginal—rectal swab for GBS culture and start antibiotics for 
latency or GBS prophylaxis 


| 


Patient entering labor? 


Yes No 


| | 


Continue antibiotics until 
delivery 


Continue antibiotics per standard of care if 
receiving for latency or continue antibiotics for 
48 hours if receiving for GBS prophylaxis 


Vv 


Obtain GBS culture results 


Vv Vv 


Vv 


Positive 


Not available prior to labor onset 


Negative 


| 


GBS prophylaxis at onset of 
true labor 


Vv 


No GBS prophylaxis at onset of true 
labor; repeat vaginal—rectal culture if 
patient reaches 35-37 weeks 
of gestation and has not yet delivered 


Figure 2 Algorithm for screening of group B streptococcal colonization and use of intrapartum prophylaxis in women with preterm premature rupture of 


membranes. Abbreviation: GBS, group B streptococcus. Ref. 24. 


Patient allergic to penicillin? 


No 


Penicillin G, 5 million units IV initial dose, 
then 2.5-3.0 million units every 4 hrs until 
delivery or Ampicillin, 2g IV initial dose, 
then 1g IV every 4 hrs until delivery 


No 


Patient with a history of any of the following 
after receiving penicillin or a cephalosporin? 
e Anaphylaxis 
*Angioedema 
e Respiratory distress 
e Urticaria 


Yes 


$ 


Cefazolin, 2g IV initial dose, 
then 1g IV every 8 hrs until delivery 


No 


Isolate susceptible to clindamycin 
and erythromycin? 


Yes 


l 


| 


Vancomycin, 1g IV every 
12 hrs until delivery 


Figure 3 Recommended regimens for intrapartum antibiotic prophylaxis for prevention of early-onset group B streptococcal disease. 


streptococcus. Ref. 24. 


maternal GBS vaginal-rectal colonization at 35-37 weeks of 
gestation. Intrapartum GBS chemoprophylaxis should be 
given to patients without antenatal screening who have one 
of the following risk factors: preterm delivery, prolonged 
rupture of membranes (>18 h), intrapartum fever, or prior 
infant with GBS infection. Penicillin G is the drug of choice for 


Clindamycin, 900mg IV every 
8 hrs until delivery 


Abbreviation: GBS, group B 


this purpose and ampicillin is the alternative. Cefazolin may be 
used in patients who are allergic to penicillin or cephalosporin 
without a high risk for anaphylaxis. Patients who have allergy 
to penicillin with a high risk of anaphylaxis should receive 
clindamycin if the bacterium is susceptible to both clindamy- 
cin and erythromycin or vancomycin otherwise. Maternal 
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vaccination, being developed, appears to be the most cost- 
effective measure in preventing early-onset GBS neonatal 
infection. 


REFERENCES 


l. 


2. 


10. 


ll. 


12: 


13. 


14. 


15, 


16. 


17. 


18. 


19. 


20. 


Baker C. Summary of the workshop on perinatal infections due to group 
B streptococcus. J Infect Dis 1977; 136: 137-52. 

Faro S. Group B beta-hemolytic streptococci and puerperal infections. 
Am J Obstet Gynecol 1981; 139: 686-9. 


. Anthony BF, Okada DM, Hobel CJ. Epidemiology of group B 


streptococcus: longitudinal observations during pregnancy. J Infect Dis 
1978; 187: 524-30. 


. Regan J, Klebanoff M, Nugent R. The epidemiology of group B 


streptococcal colonization in pregnancy. Vaginal Infections and Pre- 
maturity Study Group. Obstet Gynecol 1991; 77: 604-10. 


. Dillon H, Gray E, Pass M, Gray B. Anorectal and vaginal carriage of group 


B streptococci during pregnancy. J Infect Dis 1982; 145: 794-9. 


. Winn H, McLennan M, Amon E. Clinical assessment of the rapid latex 


agglutination screening test for group B streptococcus. Int J Gynecol 
Obstet 1994; 47: 289-90. 


. Schwartz B, Schuchat A, Oxtoby M. Invasive group B streptococcal 


disease in adults. J Am Med Assoc 1991; 266: 1112-14. 


. Zangwill K, Schuchat A, Wenger J. Group B streptococcal disease in the 


United States, 1990: report from a multistate active surveillance system. 
MMWR CDC Surveill Summ 1992; 41: 25-32. 


. Centers for Disease Control and Prevention (CDC). Early-onset and late- 


onset neonatal group B streptococcal disease—United States, 1996-2004. 
Morb Mortal Wkly Rep 2005; 54: 1205-8. 

Centers for Disease Control and Prevention (CDC). Perinatal group B 
streptococcal disease after universal screening recommendations—United 
States. Morb Mortal Wkly Rep 2007; 56: 701-5. 

Phares C, Lynfield R, Farley M, et al. Epidemiology of invasive group B 
streptococcal disease in the United States, 1999-2005. J Am Med Assoc 
2008; 299: 2056-65. 

Centers for Disease Control and Prevention (CDC). Trends in perinatal 
group B streptococcal disease—United States, 2000-2006. Morb Mortal 
Wkly Rep 2009; 58: 109-12. 

Centers for Disease Control and Prevention (CDC). Active Bacterial Core 
Surveillance Report, Emerging Infections Program Network, Group B 
Streptococcus, 2008. [Available from: http://www.cdc.gov/abcs/reports- 
findings/survreports/gbs08.pdf], 2009. 

Eichenwald E. Perinatally transmitted neonatal bacterial infections. Infect 
Dis Clin North Am 1997; 11: 223-39. 

Schrag S, Gorwitz R, Fultz-Butts K, Schuchat A. Prevention of perinatal 
group B streptococcal disease. Revised Guidelines from CDC. Morb 
Mortal Wkly Rep 2002; 51: 1-22. 

Centers for Disease Control and Prevention (CDC). Prevention of 
perinatal group B streptococcal disease: a public health perspective. Morb 
Mortal Wkly Rep 1996; 45(RR-7): 1-24. 

Schrag S, Zywicki S, Farley M, et al. Group B streptococcal disease in the 
era of intrapartum antibiotic prophylaxis. N Engl J Med 2000; 342: 15-20. 
Jones D, Kanarek K, Lim D. Group B streptococcal colonization patterns 
in mothers and their infants. J Clin Microbiol 1984; 20: 438—40. 
Francois R, Knostman J, Zimmerman R. Group B streptococcal neonate 
and infant infections. J Pediatr 1973; 82: 707-18. 

Hood M, Janney A, Dameron G. Beta hemolytic streptococcus group B 
associated with problems of the perinatal period. Am J Obstet Gynecol 
1961; 82: 809-18. 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


2l: 


22. 


233 


24, 


22: 
26. 


27. 


28. 


29, 


30. 


a1. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


Baker C, Barrett F. Transmission of group B streptococci among 
parturient women and their neonates. J Pediatr 1973; 83: 919-25. 

Baker C, Edwards M. Group B streptococcus infections: perinatal impact 
and prevention methods. Ann N Y Acad Sci 1988; 549: 193-202. 
Eberly M, Rajnik M. The effect of universal maternal screening on the 
incidence of neonatal early-onset group B streptococcal disease. Clin 
Pediatr (Phila) 2009; 48: 369. 

Verani J, McGee L, Schrag S. Prevention of perinatal group B 
streptococcal disease. Revised guidelines from CDC, 2010. Morb Mortal 
Wkly Rep 2010; 59(RR-10): 1-36. 

Baker C. Group B streptococcal infections. Clin Perinatol 1997; 24: 59-70. 
Boyer K, Gotoff S. Prevention of early onset neonatal group B 
streptococcal disease with selective intrapartum chemoprophylaxis. 
N Engl J Med 1986; 314: 1665-9. 

Boyer K, Gotoff S. Strategies for chemoprophylaxis of GBS early-onset 
infections. Antibiot Chemother 1985; 35: 267-80. 

Yow M, Leeds L, Mason E, et al. The natural history of group B 
streptococcal colonization in the pregnant woman and her offspring. 
I. Colonization studies. Am J Obstet Gynecol 1980; 137: 34-8. 

Anthony B, Okada D, Hobel C. Epidemiology of the group B 
streptococcus: maternal and nosocomial sources for the infant acquisi- 
tions. J Pediatr 1979; 135: 431-6. 

Badri M, Zawaneh S, Cruz A, et al. Rectal colonization with group B 
streptococcus: relation to vaginal colonization of pregnant women. 
J Infect Dis 1977; 135: 308-12. 

Kontrick C, Edberg S. Direct detection of group B streptococci from 
vaginal specimens compared with quantitative culture. J Clin Microbiol 
1987; 25: 336-9. 

Wald E, Dashefsky B, Green M, et al. Rapid detection of group B 
streptococci directly from vaginal swabs. J Clin Microbiol 1987; 25: 
573-74. 

Skoll M, Mercer B. Evaluation of two rapid group B streptococcal antigen 
tests in labor and delivery patients. Obstet Gynecol 1991; 77: 322-6. 
Gentry Y, Hillier S. Evaluation of two rapid enzyme immunoassays for 
detection of group B streptococcus Obstet Gynecol 1991; 78: 397-401. 
Granab P, Petosa M. Evaluation of a rapid screening test for detecting 
group B streptococci in pregnant women. J Clin Microbiol 1991; 29: 
1536-8. 

Philipson E, Palermino D, Robinson A. Enhanced antenatal detection of 
group B Streptococcus colonization. Obstet Gynecol 1995; 85: 437-9. 
Platt M, McLaughlin J, Gilson G, Wellhone M, Nims L. Increased 
recovery of group B streptococcus by the inclusion of rectal culturing and 
enrichment Diagn Microbiol Infect Dis 1995; 21: 65-8. 

Quinlan J, Hill D, Maxwell B, et al. The necessity of both anorectal and 
vaginal cultures for group B Streptococcus screening during pregnancy. 
J Fam Pract 2000; 49: 447-8. 

Kovavisarach E, Sa-adying W, Kanjanahareutai S. Comparison of 
combined vaginal-anorectal, vaginal and anorectal culture in detecting 
of group B streptococci in pregnant women in labor. J Med Assoc Thai 
[Chotmaihet thangphaet] 2007; 90: 1710-14. 

Center for Disease Control and Prevention (CDC). Prevention of 
perinatal group B streptococcal disease: revised guidelines from CDC. 
Morb Mortal Wkly Rep 2002; 51(RR-11): 1-22. 

Hall R, Barnes W, Krishnan L, et al. Antibiotic treatment of parturient 
women colonized with group B streptococci. Am J Obstet Gynecol 1976; 
124: 630-4. 

Gardner S, Yow M, Leeds L, et al. Failure of penicillin to eradicate group 
B streptococcal colonization in the pregnant woman: a couple study. Am 
J Obstet Gynecol 1979; 135: 1062-5. 


76 Postpartum infections 
Dorothea Mostello 


Serious postpartum infections remain a significant cause of 
maternal morbidity and mortality. Some factors that may 
predispose the puerpera to infection include rapid colonization 
of the postpartum endometrial surface by vaginal flora (1), 
contamination of the perineal area by vaginal and fecal flora, 
introduction of bacteria through manipulations or instrumen- 
tation employed to effect delivery, as well as the physiologic 
adaptation of the breasts for lactation. Despite these risks, the 
overall incidence of clinical infection in the postpartum period 
is relatively low (less than 10%). Because postpartum women 
are generally young and healthy, their general resilience may 
impede prompt diagnosis if the patient or physician under- 
estimates the risks of infection. Identification and close 
surveillance of patients at risk allow for timely diagnosis and 
prompt treatment, which may minimize serious sequelae of 
infection. 

The standard definition of “puerperal fever” as an oral 
temperature of 38.0°C or more in any 2 of the first 10 days 
postpartum, exclusive of the first 24 hours, is impractical and 
may not be a valid indicator of infection. While transient 
elevations in temperature occur commonly and resolve 
spontaneously, a temperature greater than 38.4°C or persistent 
low-grade fever during the first 24 hours postpartum is highly 
predictive of ensuing infection (2). Disregarding temperature 
elevations that do not fit into a standard definition or ignoring 
signs and symptoms of infection not accompanied by fever 
may delay proper evaluation and therapy. 

Time of onset of symptoms may provide a clue to etiology. 
Infections occurring within 48 hours of delivery commonly 
involve the uterus and peritoneum following cesarean section, 
the urinary tract following catheterization, or the respiratory 
tract. The microorganisms responsible for early infection were 
frequently present or introduced at the time of delivery, and 
the rate of bacteremia is high. Abdominal and episiotomy 
wound infections, breast infections, complications of uterine 
infection, and uterine infection that follows vaginal delivery 
usually present later in the postpartum period. The rate of 
bacteremia is low and the organisms associated with late 
infection may be anaerobic, chlamydial, endogenous, or 
introduced after delivery (3). 


ENDOMETRITIS 

Endometritis, or infection arising from the uterine cavity, is 
the most common postpartum infection. The diagnosis, 
classically heralded by a tender uterus and foul lochia, is 
usually one of exclusion in the febrile postpartum woman 
without signs of infection from another source. 

The pathophysiology of endometritis is similar to that of 
other pelvic infections—polymicrobial and ascending from 
the colonized lower genital tract. No risk factor is absolutely 
predictive; however, when more than one factor is present, risk 


is cumulative (4). Endometritis following vaginal delivery 
occurs in 1% to 3% of patients. Delivery by cesarean section 
increases the incidence 3 to 30 times when compared with the 
vaginal route (5,6). Thus, cesarean delivery is the greatest risk 
factor for endometritis, with baseline rates of 9% following 
elective and 29% following nonelective procedures (7). 
Microorganisms from amniotic fluid or vagina directly 
inoculate the myometrium and peritoneal cavity at the time 
of surgery. The presence of suture material and surgically 
devitalized tissue, along with postoperative exudation and 
fluid collections, creates a favorable environment for subse- 
quent bacterial growth (8). Placement of the uterine incision, 
however, has no effect on the incidence of postpartum 
infection (9). 

Frank chorioamnionitis is an obvious antecedent of 
postpartum intrauterine infection, often despite intrapartum 
antibiotic therapy (10). Risk is compounded by the frequency 
of dysfunctional labor and failure to progress in women with 
chorioamnionitis, necessitating delivery by cesarean section (11). 
A positive amniotic fluid culture, even in the absence of overt 
signs of infection, is also highly predictive of subsequent 
endometritis, especially following cesarean section (12,13). 
Bacterial contamination of amniotic fluid, rare when fetal 
membranes are intact, is almost always present after 6 hours of 
ruptured membranes (14). The quantity and virulence of the 
organisms that colonize the amniotic fluid following mem- 
brane rupture are primary determinants of subsequent 
infection (6,15). 

Major risk factors include prolonged duration of ruptured 
membranes (16), long labor with multiple vaginal exams, low 
socioeconomic status (17), obesity (17,18), and the presence of 
bacterial vaginosis (19). Untreated carriers of group B 
streptococci are also more likely to develop endometritis (20). 
Administration of glucocorticoids for acceleration of fetal lung 
maturation does not increase the risk of endometritis or other 
postpartum infections (21). 

The diagnosis of endometritis is usually based upon clinical 
findings. Fever is the most useful sign and should prompt a 
physical examination even within the first 24 hours post- 
partum. In the absence of other signs of infection, continued 
observation may be appropriate, but further evaluation is 
indicated if fever persists. Endometritis after cesarean section 
typically presents within 48 hours of surgery. When endome- 
tritis follows vaginal delivery, the diagnosis is made within 
7 days in 84% and within 14 days in 98% (6). 

The patient may complain of malaise, chills, abdominal 
pain, or foul-smelling discharge. On physical examination, 
tachycardia, decreased bowel sounds, lower abdominal 
tenderness, uterine and adnexal tenderness to bimanual 
palpation, and purulent or foul lochia may be found, although 
physical findings may be minimal. A pelvic mass on initial 
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examination is unusual. Because the differential diagnosis for 
fever in the immediate postpartum period includes atelectasis, 
pneumonia, pyelonephritis, viral syndrome, mastitis, and 
appendicitis, the physical examination should be conducted 
to exclude these conditions. 

If infection is suspected, laboratory evaluation should 
include complete blood count, urinalysis and urine culture 
from a catheterized specimen, and blood cultures in most 
cases. Routine endometrial cultures are rarely useful, as well- 
chosen antibiotic therapy results in a rapid recovery in most 
patients despite culture isolates. An endometrial culture may 
be helpful when hemolytic streptococci or clostridia are 
suspected or when endometritis develops in patients who are 
at risk for infection with unusual or resistant organisms (22). 
Prior to obtaining specimens transcervically, preparation by 
cervical cleansing is recommended to minimize contamina- 
tion with lower genital tract flora (8). 

With the aim of minimizing infectious morbidity, preven- 
tion of endometritis is paramount. Even though instrumental 
delivery is a risk factor for endometritis following vaginal 
delivery (23), data are too few and of insufficient quality to 
recommend routine use of prophylactic antibiotics for 
operative vaginal delivery (24). Antibiotic prophylaxis for 
cesarean section, however, reduces the rate of subsequent 
endometrial infection by more than half after both elective 
[relative risk (RR) 0.38, absolute risk reduction 4%] and 
nonelective procedures (RR 0.39, absolute risk reduction 18%) 
(25,26). The effect is evident even in nonlaboring patients with 
intact membranes (RR 0.05) (27) with significant cost savings 
per case (28). 

Many antibiotics provide effective prophylaxis. The most 
recent systematic review (29) showed no benefit in efficacy of 
either single broad-spectrum agents over ampicillin or first- 
generation cephalosporins or multiple doses of antibiotics over 
a single dose. Clindamycin was recommended for penicillin- 
allergic women. Recent concerns over the rising resistance of 
Gram-negative organisms have prompted a trend away from 
ampicillin toward first- and second-generation cephalosporins 
and ampicillin/sulbactam, although data supporting their 
superiority are lacking. Adding aztreonam to the clindamycin 
has been proposed in cases of penicillin allergy. 

While delaying administration of the antibiotic until cord 
clamping was originally touted to avoid clouding the 
evaluation of the newborn, recent evidence shows significant 
maternal benefit to administration of the antibiotic 15 to 
60 minutes preoperatively. Attaining therapeutic tissue levels 
of antibiotic before bacterial contamination decreases the risk 
of endometritis compared with dosing after cord clamping 
[adjusted odds ratio (aOR) 0.22] without increasing the 
neonatal length of stay or incidences of sepsis or septic workup 
in the newborn (30-32). The practice of giving intrapartum 
prophylaxis to women colonized with group B beta-hemolytic 
streptococci has also resulted in fewer cases of subsequent 
endometritis (33). 

Other measures of prevention have been studied and 
warrant consideration. Delivery of the placenta at cesarean 
section by external uterine massage and gentle traction rather 
than manually has been shown to reduce the rate of 
endometritis in several randomized controlled trials (34—36). 
Administration of methylergonovine 0.2mg q6h following 
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cesarean section until discharge from the hospital (37) can 
decrease the rate of endometritis as well as minimize blood 
loss. A promising measure in the prevention of endometritis is 
extended spectrum antibiotic prophylaxis. The addition of an 
antibiotic (doxycycline or azithromycin) targeting Ureaplasma 
urealyticum, which has been shown to be a significant 
predictor of endometritis despite typical antibiotic prophylaxis 
and intact membranes, significantly reduced both endome- 
tritis and wound infection (38—40). Preoperative intravaginal 
treatments, such as intravaginal metronidazole gel (41) or a 
vaginal scrub with povidone—iodine (42), aimed at decreasing 
the inoculum of vaginal bacteria that may ascend, also show 
reduced rates of subsequent endometritis in controlled studies. 
Interventions with no effect on the rate of post-cesarean 
endometritis include in situ versus exteriorized repair of the 
uterine incision, glove change after delivery of the fetus before 
proceeding with the operation, and removal of uterine debris 
with tissue forceps versus uterine wiping with a laparotomy 
pad after placental delivery (35,36,43). 

Choice of antibiotic therapy for acute endometritis is 
directed by the bacteriology of the infection. Aerobic 
organisms are found in about 70% of cultures and anaerobic 
organisms in about 80% (44). Typically, more than one isolate 
per culture are identified (45). Gram-negative bacilli, particu- 
larly Escherichia coli, are the most common aerobes, followed 
by Gram-positive aerobes such as groups B and D streptococci. 
Group A streptococci and Staphylococcus aureus are recovered 
in less than 5% of cases. The most common anaerobic isolates 
are Bacteroides bivius and B. fragilis as well as the anaerobic 
streptococci peptococcus and peptostreptococcus. Genital 
mycoplasmas and chlamydia also may be recovered from 
patients with acute endometritis (3). 

Empirical therapy with parenteral antibiotics should be 
initiated as soon as the diagnosis of endometritis has been 
made and cultures have been taken (Table 1). Most patients 
will show a clear response to treatment within 48 to 72 hours. 
Following vaginal delivery, 95% respond to initial adminis- 
tration of a penicillin plus an aminoglycoside, despite 
incomplete anaerobic coverage. With additional antibiotics 
in those who fail initial therapy, less than 2% develop major 
infectious complications such as abscess or septic pelvic 
thrombophlebitis (6). The most recent systematic review (46) 
did not specifically address endometritis following vaginal 
delivery due to insufficient data. Recommendations for 
treatment of endometritis following cesarean delivery are 
clear: regimens with poor activity against penicillin-resistant 


Table 1 First-Line Therapy for Endometritis 


After cesarean delivery 
Clindamycin 900mg intravenously every 8 h plus 
Gentamicin 4mg/kg intravenously once daily’, 
(plus ampicillin 2g intravenously every 6 h)? 
Clindamycin (as above) plus aztreonam 2g 
Intravenously every 6-8 h* 
Metronidazole 500mg intravenously every 6 h 
Plus gentamicin (as above), plus ampicillin (as above) 
After vaginal delivery 
Ampicillin (as above), plus gentamicin (as above) 


“For penicillin-allergic patients. "Depending on the agent used for 
prophylaxis. 
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anaerobes (e.g., Bacteroides fragilis group) are more likely to 
fail. The combination of clindamycin and an aminoglycoside 
remains the gold standard. Although small studies comparing 
clindamycin/gentamicin with single broad-spectrum agents 
(such as second- or third-generation cephalosporins, ureido- 
penicillins, or penicillins combined with a beta-lactamase 
inhibitor) show them to be equally effective, meta-analysis 
shows that only 20 women would need to be treated with 
clindamycin and gentamicin to prevent one failure with other 
regimens (46). Metronidazole—penicillin—aminoglycoside and 
clindamycin—aztreonam may be appropriate choices for post- 
cesarean infection as well (8). 

Fewer failures occur with once-daily gentamicin dosing (46). 
Advantages of once-daily dosing include a superior bacter- 
icidal effect with higher peak serum concentrations, time for 
recovery of bacterial sensitivity between doses (post-antibiotic 
effect), lower trough levels resulting in less accumulation of 
the drug in the cochlear system, and cost savings (47,48). 
Typical formulas for calculating the daily dose may be 
inadequate in the postpartum woman due to greater renal 
clearance, increased volume of distribution, and obesity. The 
pharmacokinetics has been investigated with the following 
recommendations: 4mg/kg actual body weight, or 5mg/kg 
adjusted body weight, or substituting a volume of distribution 
of 0.4 to 0.43L/kg in the formula pharmacies usually use to 
calculate the dose (49). 

Changes in endometrial flora have been demonstrated 
following administration of prophylactic antibiotics and may 
affect treatment of subsequent infection. The use of cefazolin 
and other cephalosporins is associated with increases in 
infections with enterococci (17,22,50,51), and the use of 
penicillin or ampicillin has resulted in an increased risk of 
infections caused by Gram-negative organisms (50,52) and 
mycoplasmas (50). Unfortunately, no evidenced-based re- 
commendations exist for treatment of women who develop 
endometritis after receiving antibiotic prophylaxis for cesarean 
section. In one study (53), only 54% of women, who had 
received cephalosporin prophylaxis and developed post- 
cesarean endometritis, responded to clindamycin and genta- 
micin within 48 hours. An additional 40% responded to the 
addition of ampicillin or vancomycin. Thus, it seems prudent 
and pragmatic to consider initial treatment with clindamycin 
and once-daily gentamicin if a penicillin has been used for 
prophylaxis, but treatment with ampicillin, clindamycin, or 
metronidazole, and once-daily gentamicin if a cephalosporin 
has been used for prophylaxis. 

Common sense guidelines and important caveats warrant 
mentioning. When the diagnosis of endometritis is suspected, 
it is unwise to extend the prophylactic agent for a longer time 
as the causative organism is likely resistant. In general, do not 
use an antibiotic for treatment to which the patient has been 
recently exposed (52). When high fever but no localizing signs 
are present, consider group A streptococcus infection (52) as 
two-thirds of patients present with a fever only (54). Similarly, 
group B streptococcal cultures are not 100% predictive; if a 
patient has an early-onset endometritis with high-spiking 
fever, group B streptococcus may be the causative organism 
even if her culture within 5 weeks was negative (33). 

The appropriate duration of therapy has not been well 
established. Typically, parenteral antibiotics have been 
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continued until the patient has been afebrile for 48 hours and 
the physical examination is benign. Discontinuation of treat- 
ment in a nonbacteremic patient when the patient’s tempera- 
ture has been <37.5°C for at least 24 hours has been shown to be 
safe and cost-effective in both private and indigent populations 
(55,56). After treatment of uncomplicated endometritis, follow- 
up oral antibiotics, except in patients with known chlamydial 
infection, are generally unnecessary (3,17,46,57). 

Failure to respond within 48 to 72 hours warrants 
reevaluation of the patient. Common causes of failure include 
wound infection and resistant microorganisms. Culture results 
should be reviewed, if available, and cultures of blood, 
endometrium, and wound collected. Antibiotic therapy should 
be assessed. Increases in dose or frequency of administration 
may be required, as pregnancy-related changes in renal 
function, blood volume, and total body water affect elimina- 
tion and volume of distribution of drugs, usually toward lower 
serum levels (58). In patients receiving clindamycin plus an 
aminoglycoside, aminoglycoside levels should be drawn and 
ampicillin added to provide coverage against enterococci (22). 
Anaerobic coverage should be added if lacking. Single-agent 
therapy may be changed to clindamycin plus an aminoglyco- 
side plus a penicillin. For proven staphylococcal infection, 
specific therapy should be added (e.g., nafcillin 1-2g 
intravenously every 4—6 hours, cefazolin 2g intravenously every 
8 hours, or vancomycin 1g intravenously every 12 hours). 
Wound infection, of course, warrants drainage. 

If antibiotic therapy requires no modification, or if changes 
fail to produce response (80% respond) within another 48 to 
72 hours, the case should be scrutinized for sources of 
continued fever. The differential diagnosis must be broadened 
to include wound infection, pelvic cellulitis, pelvic abscess, 
venous thromboembolism, drug fever, septic pelvic throm- 
bophlebitis, enterocolitis, retained placental fragments, as well 
as viral or connective tissue disorders. Pelvic ultrasound may 
be helpful in visualizing retained placenta or a fluid collection. 
A computed tomographic (CT) scan may identify ovarian vein 
thrombosis, abscess, hematoma, or other masses. 

The incidence of documented bacteremia following cesar- 
ean section is 3% to 4%, compared with 0.1% to 0.4% in 
patients who have delivered vaginally. Endometritis accounts 
for the majority of cases, but wound, respiratory and urinary 
infections, as well as endocarditis may be responsible (59,60). 
Bacteremia is more commonly found in post-cesarean 
endometritis (83-30%) compared with endometritis following 
vaginal delivery (5%) (5,6). Risk for positive blood cultures is 
correlated with length of labor, number of vaginal exams, 
duration of ruptured membranes, estimated blood loss, and 
intra-amniotic infection (61). Bacteremia is rare (<1%) in the 
postpartum woman with a temperature peak <38.8°C, but 
occurs in more than 20% of those with higher fevers (61). 
Organisms isolated from the blood reflect organisms infecting 
the endometrium and are found in similar proportions (57). 
While blood culture results may guide antibiotic therapy for 
endometritis, failure to respond to initial therapy does not 
correlate with a resistant organism in blood culture (59). 
Identification of a pathogenic organism resistant to the 
antibiotics administered warrants broadening the antibiotic 
coverage despite apparent clinical response. Prolonged therapy 
may be indicated when S. aureus is isolated from the blood to 
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avoid metastatic infection (8,44). Mortality among obstetric 
bacteremic patients is extremely low (<1%) compared with 
other medical or surgical populations (60). 

Late postpartum endometritis, with onset from 7 to 42 days 
after delivery, is a clinically mild disease, which typically occurs 
in women who have delivered vaginally. Lower abdominal 
pain and an increasing vaginal discharge with odor are the 
presenting symptoms; systemic signs are rare. Chlamydia 
trachomatis, uncommon in acute endometritis (45), is isolated 
from the cervix or endometrium in 30% to 67% of cases (62). 
In women with chlamydial infection detected in the ante- 
partum period, late postpartum endometritis develops in 30% 
to 60% if untreated (62). When late-onset infection is 
suspected, a cervical or endometrial culture for chlamydia 
should be obtained. Azithromycin (1 g orally in a single dose), 
tetracycline (doxycycline 100 mg orally twice a day for 7 days), 
or erythromycin (500 mg orally four times a day for 7 days) 
therapy is clinically effective. Treatment in the antepartum 
period may prevent late postpartum infection. 


WOUND INFECTIONS 

Abdominal wound infections occur in 1.6% to 10% of women 
delivered by cesarean section (4,63,64). Antibiotic prophylaxis 
has been shown to reduce the rate of wound infection after 
both nonelective (RR 0.36) and elective (RR 0.73) cases (25). 
Extended spectrum prophylaxis with doxycycline and/or 
azithromycin (covering for Ureaplasma) reduces the risk even 
further (38,40). Other basic measures, such as preoperative 
showering with chlorhexidine, clipping hair rather than 
shaving the area for incision, and preparation of the skin with 
an alcohol-based agent, are also advocated (65). Risk factors 
identified by prospective surveillance include skin closure 
with staples rather than subcuticular suture and maternal 
obesity (66), particularly in women with subcutaneous tissue 
thickness greater than 3 cm (67). One randomized trial 
showed a reduction in wound infections using the Joel-Cohen 
rather than Pfannenstiel incision (68). No effect on rate of 
infection has been demonstrated with prophylactic subcuta- 
neous drainage (69). 

The diagnosis of wound infection is based on the findings of 
local advancing erythema, induration, and/or drainage from 
the wound. Fever is not always present. Clinical signs typically 
manifest 4 to 8 days following delivery; 71% occur after 
discharge from the hospital (66). Many patients have had 
endometritis and present with recurrent fever after the initial 
response to treatment for the uterine infection. The majority 
of wound infections result from extension of polymicrobial 
contamination of the endometrium and amniotic fluid to the 
incision site (70), but the skin may also be the source of 
bacteria (65). Staphylococcal wound infections, accordingly, 
typically develop in women without obstetric risk factors. If 
wound infection presents with fever and spreading cellulitis 
within the first 48 hours after operation, a single bacterial 
pathogen, such as group A or B beta-hemolytic streptococci or 
Clostridium perfringens, may be responsible. A Gram stain of 
material aspirated from the active margin of infection may 
identify the causative organism. 

Treatment for early-onset infection consists of antibiotic 
therapy such as penicillin 4 million units intravenously every 
4 hours or cefazolin 2g intravenously every 6 hours, and 
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prompt debridement of necrotic tissue (71). Later infections 
usually respond to simple incision and drainage. Antibiotics 
are required only if there is extensive cellulitis, bacteremia, or 
failure to defervesce within 12 to 24 hours of opening the 
wound (71). Debridement under anesthesia is sometimes 
required (70). Fascial dehiscence of the wound occurs in 
0.5% of post-cesarean patients and may be more common 
when wound infection is present (64,70). Fascial repair under 
anesthesia may be necessary. Modern management of open 
wounds, including secondary closure within 1 to 4 days of 
disruption, negative pressure wound therapy (vacuum- 
assisted closure), or healing by secondary intention with 
dressings that keep the wound moist and absorb drainage, has 
been shown to be superior to frequently changed, traditional 
“wet-to-dry” dressings and cleansers that disrupt wound 
healing (65). 

Complications of wound infection such as necrotizing 
fasciitis, synergistic bacterial gangrene, and clostridial gas 
gangrene are extremely rare after cesarean section but should 
be suspected if the patient fails to respond following incision 
and drainage of the wound. Early recognition is essential to 
prevent mortality from these life-threatening conditions. 
Necrotizing fasciitis should be suspected if the patient appears 
critically ill or if the edema and induration surrounding the 
wound worsen rapidly despite treatment or are accompanied 
by local anesthesia or crepitus. At surgical exploration, there is 
undermining of the involved skin surrounding the wound and 
the superficial fascia lacks resistance to a blunt instrument. 
Synergistic bacterial gangrene is recognized by a central ulcer, a 
surrounding deep red zone, and peripheral erythema. The 
process is slowly progressive and is often marked by inordinate 
pain. Clostridial gangrene presents with sudden onset of severe 
pain, mild local edema, thin watery drainage from the wound, 
and systemic toxicity. In advanced stages, the skin appears 
bronzed with bullae, gangrene, and crepitation. Gas may be 
evident on X-ray (71). These destructive processes require 
extensive surgical debridement. Aerobic and anaerobic 
cultures and broad-spectrum parenteral antibiotics are appro- 
priate in the management of these polymicrobial infections. 
Delays in treatment may lead to maternal mortality. 


SEPTIC PELVIC THROMBOPHLEBITIS 

Septic pelvic thrombophlebitis is a potentially life-threatening 
complication that occurs most commonly after obstetric 
procedures. The diagnosis is typically suspected in a woman 
with persistent fever after several days of adequate antibiotic 
therapy for presumed endometritis with no wound infection 
apparent (72). This persistent fever occurs in about 1 in 650 
deliveries (72) or 0.5% to 2% of patients with postpartum 
endometritis (73). 

The pathogenesis of pelvic thrombophlebitis rests on 
Virchow’s triad of venous stasis, endothelial damage, and 
alterations in coagulation factors. Damage to the intima of 
pelvic veins may result from direct surgical trauma or from the 
inflammatory response to an infected uterus. The velocity of 
blood flow through the dilated ovarian veins declines sharply 
postpartum. The long veins have multiple valves, which are 
major sites of venous pooling and their thin walls make them 
subject to external compression. Pregnancy-related increases 
in levels of clotting factors and platelet adhesiveness, along 
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with possible thromboplastin release from placental fragments 
and necrotic tissue, may generate a thrombotic process (73). 

Pelvic thrombophlebitis encompasses two fairly distinct 
forms—ovarian vein thrombosis and thrombosis of multiple 
small pelvic vessels. In the acute ovarian vein syndrome, onset is 
usually within 2 to 4 days postoperatively, but may be weeks 
after delivery. The patient usually appears ill with a low-grade 
fever, tachycardia, flank or lower abdominal pain with guarding, 
and ileus with abdominal distention. Nausea and vomiting may 
be present. A tender, rope-like, abdominal mass originating 
near the uterine cornu and extending cephalad and laterally, 
palpable in one-half to two-thirds of patients, represents the 
thrombosed ovarian vein. Ovarian vein thrombosis commonly 
occurs in association with pelvic infection, but the patient’s 
symptoms worsen, rather than improve, with continued 
antibiotic therapy. The syndrome may present in the absence 
of clinical infection, sometimes prompting laparotomy to 
exclude other disorders. The differential diagnosis includes 
acute appendicitis, broad ligament hematoma, degenerating 
fibroid, adnexal torsion, pyelonephritis, ureterolithiasis, and 
abscess. 

Postpartum ovarian vein thrombosis is predominantly right 
sided (80%), with bilateral and left-sided lesions unusual (14 
and 6%, respectively) (74,75). The preponderance of right- 
sided involvement is explained by venous drainage, which, in 
the upright position, flows from the left ovarian vein and 
uterine venous plexus into the right ovarian vein, increasing 
venous stasis and the inoculum of pathogens on the right (3). 
Incidence is approximately 1 in 3000 deliveries, following 1 in 
800 cesarean and 1 in 9000 vaginal deliveries (72). Although, 
when studied, 50% of women who had postpartum ovarian 
vein thrombosis were found to have inherited prothrombotic 
factors (76), no clinical risk profile could be established—prior 
thrombosis was rare, many had taken oral contraceptives 
without complication, and none had a family history of clots. 

Septic pelvic thrombophlebitis with diffuse thrombosis of 
multiple small pelvic vessels usually presents with enigmatic 
fever and typically follows the diagnosis of endometritis or 
other pelvic infection. After several days of antibiotic therapy, 
recurrent high-spiking fevers occur despite resolution of other 
signs and symptoms of infection. The patient generally feels 
well when not febrile and may need to be convinced that she 
has a serious complication. Imaging techniques do not 
demonstrate the small uterine and vaginal veins, which have 
been shown at laparotomy to be involved (77). The diagnosis 
is usually presumptive, based on defervescence within 48 to 
96 hours (average 37 hours) after addition of heparin to the 
antibiotic regimen (78). The incidence is estimated at 1 in 2000 
deliveries, following 1 in 400 cesarean and 1 in 10,000 vaginal 
deliveries (79). 

Diagnostic imaging may be helpful in evaluating patients 
with suspected septic pelvic thrombophlebitis as thrombus in 
ovarian and larger veins may be visualized by CT scan, 
ultrasound, or magnetic resonance imaging (MRI). Sonogra- 
phy has been suggested as a screening examination for 
postpartum ovarian vein thrombosis, but sensitivity is only 
56%, with imaging hampered by intervening bowel gas or 
obesity (80). CT and MRI are also superior to sonography at 
evaluating for other conditions in the differential diagnosis. 
CT remains the imaging procedure of choice (sensitivity 
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78-100%), as MRI (sensitivity 92-100%) offers no clinical 
advantages to balance its increased cost (80,81). All imaging 
techniques are helpful only if positive and are inadequate in 
excluding the diagnosis. 

Serious complications of pelvic thrombophlebitis are mainly 
due to extension of thrombus or embolization. About 45% of 
ovarian vein thromboses imaged are seen to extend to the 
inferior vena cava (76); extension to femoral, iliac, mesenteric 
veins, and even the right atrium is possible. Extension of clot 
from the ovarian to the renal vein may result in renal vein 
thrombosis with subsequent nephrotic syndrome and renal 
insufficiency. Clots in pelvic vessels may fragment, possibly 
owing to the presence of bacteria, and embolize. Showers of 
small infected emboli are characteristic with resulting septice- 
mia and metastatic abscesses (82) (Fig. 1). Massive involvement 
of ovarian veins or the vena cava may precipitate large 
pulmonary emboli with symptoms of venous occlusion; in fact, 
respiratory distress from pulmonary embolism may be the 
presenting symptom (75). Mortality from pulmonary embolism 
or metastatic abscesses is estimated at 18 deaths per million 
(80). Ventilation—perfusion or CT scanning of the lung may be 
indicated to determine whether pulmonary embolization has 
occurred. Classic papers report evidence of emboli in one-third 
or more of patients tested (73,82,83), even though symptomatic 
pulmonary embolism was rare (84). No modern reports contain 
a systematic assessment for emboli. 

The diagnosis of pelvic thrombophlebitis, in either form, 
may not be confirmed by radiographic study. Clinical response 
to heparin may secure the diagnosis in both the acute and the 
enigmatic syndromes. Full anticoagulation should be insti- 
tuted along with broad-spectrum antibiotics (Table 2) as 
microorganisms have been isolated from resected venous 
specimens and require treatment to promote resolution of the 
thrombus (73,85). Resolution of the fever does not imply 
resolution of the clot, so a full course of anticoagulation is 
necessary. Substitution of low molecular weight for unfractio- 
nated heparin seems reasonable, but has not been system- 
atically studied. Primary surgical ligation of ovarian veins and 
vena cava, employed 50 years ago, decreased mortality from 
50% to 10% (86), but is fraught with risks of significant 
hemorrhage, embolization, and death (74). Today, a surgical 
approach should be reserved for patients who do not respond 
to anticoagulation plus antibiotics, who experience pulmonary 


Figure 1 Septic emboli are seen as multiple peripheral and hilar infiltrates on 
the computed tomographic scan without contrast. 
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Table 2 Treatment of Septic Pelvic Thrombophlebitis 


Continuation of antibiotic therapy 
Until the patient is afebrile for 48-72 h 
Full anticoagulation with heparin 
5000-10,000 units loading dose, followed by 800-2000 
Units/h to maintain the PTT at 1.5-2.5 x baseline value 
Duration of anticoagulation therapy 
Ovarian vein thrombosis 
6 weeks to 6 months (no fewer than 3 weeks) 
May change to oral anticoagulation after the first 5-7 days 
Suspected thrombosis of smaller pelvic vessels (enigmatic fever) 
7-10 days 
Abbreviation: PTT, partial thromboplastin time. 


embolism while on therapeutic anticoagulation, or in whom 
the diagnosis is uncertain. If pelvic vein thrombosis is found 
unexpectedly at postpartum laparotomy, closure of the 
abdomen without vein ligation and institution of medical 
therapy is probably the treatment of choice. Need for 
anticoagulation during or after subsequent pregnancy is 
probably not required. 

The subject of anticoagulation has recently become 
controversial. The observation that some fevers eventually 
resolve without heparin has led some to argue that the superior 
efficacy of today’s antibiotics may obviate the need for 
heparin. One trial in 14 women with CT-proven ovarian vein 
thromboses, randomized to receive either antibiotics and 
heparin or antibiotics alone, showed no difference in durations 
of fever or hospitalization and no evidence of symptomatic 
emboli (72). Unfortunately, the numbers were too small to 
preclude possible protection from embolization by heparin. 


EPISIOTOMY INFECTIONS 
Postpartum infection arising from an episiotomy site is a rare 
but potentially fatal condition. An episiotomy is a contami- 
nated wound; yet clinical infection manifests in only 0.035% to 
3% of patients (63,87). In a randomized controlled trial, use of 
prophylactic antibiotics (second-generation cephalosporin) for 
repair of third- and fourth-degree tears was shown to decrease 
the rate of infectious complications (88). Life-threatening 
infection associated with episiotomy has occurred in 0.5 to 
2 per 100,000 live births, accounting for 20% of maternal 
mortality. Perineal infection has been classified according to 
the depth of soft-tissue involvement (89). Successful manage- 
ment depends on accurate assessment of the infected tissues. 
Infection limited to the skin and superficial fascia along the 
episiotomy incision may be managed conservatively. Episiot- 
omy dehiscence or perineal pain may be the presenting 
complaint, with edema and erythema confined to the area 
immediately adjacent to the episiotomy (89). The previous 
repair should be taken down to allow careful inspection of the 
wound to exclude hematoma, abscess, or unsuspected 
rectovaginal communication. Following cleansing and debri- 
dement, the wound may be allowed to heal secondarily. With 
surrounding cellulitis, a course of broad-spectrum parenteral 
antibiotics (such as suggested in Table 1), in addition to local 
wound care, may be required. Early repair of episiotomy 
dehiscence, while contrary to traditional practice, has 
produced excellent anatomical and functional results (90). 
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Superficial fascial infection presents with erythema and 
edema, which extend beyond the area of episiotomy to the 
thigh, buttock, or abdominal wall. Appropriate therapy is 
dependent upon determination of associated necrotizing 
fasciitis. Diagnosis by inspection is unreliable, thus surgical 
exploration may be necessary to rule out fascial necrosis. In 
the absence of obvious signs of necrotic fascia, frozen-section 
biopsy has been employed to expedite diagnosis and avoid a 
possible lethal delay in treatment (91). In the absence of 
fascial necrosis, severe systemic involvement is uncommon 
and response to broad-spectrum antibiotics should occur 
within 24 to 48 hours. Lack of response or progression of the 
infection during antibiotic therapy may indicate a more 
severe infection. 

When necrotizing fasciitis is present, aggressive manage- 
ment is necessary to avert mortality. Both Camper’s and 
Colles’ fascial layers become necrotic with this infection, 
which spreads along these fascial planes, undermining the 
skin, and eventually involves all tissues external to the deep 
fascia (92). The onset is acute with a rapidly progressive 
clinical course, systemic toxicity, and a fatality rate of 21% to 
76% (89). Although the condition is classically described in 
patients with diabetes or atherosclerosis, affected obstetric 
patients are usually otherwise healthy (93). The patients 
appear severely ill, usually with fever and leukocytosis. 
Erythema with indistinct margins that gradually fade into 
normal areas may be present. As the disease progresses, skin 
color becomes blue or brown, with subsequent formation of 
bullae and gangrene. Progressive brawny edema and indura- 
tion are evident; vulvar edema, especially unilateral, is 
characteristic (93). Marked local tenderness is common 
initially, but the lesions become hypesthetic or anesthetic as 
cutaneous nerves become ischemic (92). Crepitation may be 
detected. Exudate is serosanguinous “dirty dishwater” rather 
than purulent. Anemia due to hemolysis is common (92), but 
may be masked by massive fluid shifts into the extravascular 
compartment with resultant hemoconcentration (89). Hypo- 
calcemia may develop due to saponification of liquified 
subcutaneous fat (92). At surgical exploration, the superficial 
fascia does not bleed and lacks resistance to blunt probing; the 
skin is easily separated from the underlying deep fascia. 

Prompt surgical resection of the involved tissues is essential 
for effective management of necrotizing fasciitis. Mortality is 
100% in patients treated with antibiotics alone or with incision 
and drainage only (94). Debridement should extend to where 
the subcutaneous tissues cannot be separated from the 
underlying deep fascia or from normal skin. Any tissue that 
is indurated, edematous, or crepitant, or that does not bleed 
readily when incised, should be removed (92). More than one 
surgical debridement may be necessary if subcutaneous 
necrosis is not arrested. Hyperbaric oxygen is an adjunctive 
measure and should not substitute for surgical debridement. 

Similar to most pelvic infections, necrotizing fasciitis is a 
polymicrobial disorder. The pathophysiology involves bacter- 
ial synergism among various combinations of aerobic and 
anaerobic organisms (92,94). Comprehensive antibiotic cover- 
age with a penicillin, clindamycin, and an aminoglycoside is 
recommended as an adjunct to operative intervention until a 
healthy bed of granulation tissue is apparent. After extensive 
debridement, these patients resemble those with severe burns. 
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Management in an intensive care setting with invasive 
monitoring, aggressive fluid management, and hemodynamic 
support may be required (92). The wound may be allowed to 
heal secondarily. 

Infection beneath the deep fascia produces myonecrosis. 
A clostridial infection is the most common cause, although 
myonecrosis can occur from a neglected necrotizing fasciitis, 
which invades deep fascia. Clostridial infection may present 
early in the postpartum period with severe pain dispropor- 
tionate to the physical findings. A wound or blood culture 
positive for clostridia should raise the index of suspicion for 
myonecrosis. Crepitation or clinical deterioration in the 
presence of an episiotomy infection warrants surgical explora- 
tion and radical excision of involved tissues, supplemented 
with antibiotic therapy. For clostridial infection, high-dose 
penicillin (4 million units intravenously every 4 hours) is 
indicated. Polyvalent gas gangrene antitoxin is thought to be 
ineffective (89). C. perfringens is the most notorious organism 
associated with myonecrosis. Clostridium sordellii has also 
been identified in serious episiotomy infections, but presents 
with massive malignant vulvar edema thought to be caused by 
toxin production and results in death from cardiovascular 
collapse (95). 


MASTITIS 

Lactation mastitis is a cellulitis of the interlobular connective 
tissue within the mammary gland that usually occurs within 
the first 6 weeks postpartum (96). Mastitis occurs in up to 
9.5% of breastfeeding women (96,97), but may rarely occur in 
women who are not nursing. Most cases are sporadic, 
presenting commonly in the second or third week following 
delivery (98,99). The onset of symptoms is usually abrupt with 
chills, malaise, generalized achiness, and fever as high as 39 to 
40°C. The affected breast is tender, hot, swollen, and 
erythematous in a wedge-shaped segment (96) with its apex 
at the nipple and its base toward the periphery, demarcated by 
the divisions between the lobes of the breast. Decreased milk 
secretion may be noted (100), but expression of pus from the 
ducts is uncommon (99). Poor breastfeeding technique with 
attachment difficulties, injury to the nipple, nipple fissuring, 
and milk stasis (101) is considered to be the primary etiologic 
factor, along with lowered immune status from stress or sleep 
deprivation (96), but the cause of most cases is unclear (97). 
One study found fewer than 10 feedings/day to be protective (96), 
contrary to common belief. Mastitis is no more common 
among women who are nursing for the first time than among 
women who have previously nursed. Previous mastitis is a risk 
factor for recurrence in successive pregnancies (96), perhaps 
due to persistence of poor practices (102). 

Breast infections should be distinguished from segmental 
breast inflammation due to milk stasis or focal engorgement. 
Milk contains pro-inflammatory cytokines, which may leak 
into the circulation when not drained and elicit a systemic 
response in the absence of infection (101). Fever and erythema 
are less marked in the absence of infection and will resolve 
with rest, frequent, complete emptying of the breast, and 
without antibiotics (101,103). Local hot wet compresses or 
prone soaks in a hot tub may soften the indurated breast and 
allow drainage (99). Change in feeding position may permit 
drainage of blocked ducts. Antibiotics are indicated if 
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symptoms do not resolve. Patients with obvious signs and 
symptoms of mastitis should be treated immediately with 
antibiotics, as delay in institution of antibiotic therapy is 
associated with abscess formation (98,104). Diagnostic criteria 
based on leukocyte counts from the milk and quantitative 
bacterial cultures, helpful in differentiating mastitis in dairy 
cows, are not always valid in women, as bacterial counts have 
not been reliable (101). 

Appropriate therapy for mastitis includes routine empty- 
ing of the breast and administration of antibiotics. 
Breastfeeding from both breasts should continue. If the 
infected breast is too sore for nursing, gentle pumping may 
be employed to reduce congestion. Weaning may increase 
the risk of abscess formation (97,99,105). Choice of 
antibiotic may be empirical or based on culture of expressed 
breast milk. S. aureus is the organism isolated in 35% to 
50% of breast infections, and 50% to 70% show penicillin 
resistance in vitro (97,100,104,106). Other common patho- 
gens include coagulase-negative staphylococci, streptococci, 
E. coli, Klebsiella pneumoniae, and Bacteroides fragilis (100). 
Cultures of breast milk may be prudent, since methicillin- 
resistant S. aureus, primarily community-acquired, is 
emerging as a pathogen in mastitis (107), even in those 
without predisposing factors (108). 

Therapy with a penicillinase-resistant penicillin, such as 
dicloxacillin (250-500 mg orally four times a day) or 
amoxicillin/clavulanic acid (500/125 mg three times a day), 
or a first-generation cephalosporin (cephalexin 500 mg orally 
four times a day) should be started immediately after cultures 
are obtained. Erythromycin or azithromycin is the alternative 
in penicillin-allergic patients. In most cases, antibiotics may be 
given orally, and hospitalization is not required. Therapy 
should be continued for at least 10 days. Most patients become 
afebrile and asymptomatic within 36 to 48 hours of beginning 
treatment (97). If the patient is not improved within 48 hours, 
examination for abscess formation is warranted. 

Breast abscesses develop in 4% to 11% of patients despite 
appropriate treatment (96,97,106). An indurated, fluctuant area 
may be palpable, usually peripherally, and should be aspirated 
for culture if suspected. Axillary lymphadenitis is not typical, 
but the patient may be febrile and tachycardic, with 
leukocytosis. Bacteremia may occur (109). S. aureus is recovered 
from 38% of abscesses (104). Ultrasound is a useful adjunct 
when there is clinical suspicion of abscess or in cases of mastitis 
that do not promptly respond to appropriate therapy (110). 
Ultrasound imaging excludes abscess in one-third to one-half 
of suspected cases (104) and may allow guided aspiration of 
those that are confirmed (110). Serial aspiration has emerged 
as first-line therapy for abscesses, with a 91% cure rate. 
Aspiration and irrigation are performed with follow-up every 
2 to 3 days for re-aspiration until the abscess is no longer 
visible by ultrasound (110). Incision and drainage have been 
the standard treatment, but risks ductal damage and a poor 
cosmetic result (110). If incision and drainage are required, 
radial or circumferential incision is made over the site of 
maximum tenderness and loculi are broken down, followed 
by insertion of a dependent drain or pack. Rapid resolution is 
invariable. 

Antibiotic coverage is recommended preoperatively and 
susceptibility-directed antibiotic therapy is continued 
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postoperatively (109). Milk stasis should be prevented by 
complete emptying of the breast with pumping to avoid 
secondary abscess formation. Continuation of breastfeeding 
from the affected breast is controversial. In the past, the 
presence of a staphylococcal breast abscess has been associated 
with infant deaths from lung abscesses, presumably due to 
aspiration of a large inoculum (3). Certainly, breastfeeding 
may continue from the unaffected breast and resume from the 
affected breast once the abscess has resolved. 

Epidemic mastitis is a hospital-acquired infection caused 
by S. aureus. During the 1940s and 1950s, when lengthy 
postpartum hospitalization was practiced, up to 20% of 
women became infected (3). The infection involves the 
lactiferous glands and ducts of the breast, in contrast to 
the interlobular connective tissue in the sporadic form, and 
may affect multiple lobes. Abscess formation is common. 
Epidemic mastitis usually originated in hospital nurseries 
and was traceable to attendant carriers of the specific phage 
type that caused the infection (3,98). Infants suffered 
significant mortality from staphylococcal pneumonia, 
meningitis, osteomyelitis, and pyoderma during these out- 
breaks (98). Fortunately, infection control measures and 
superior antibiotics have made epidemic mastitis an unlikely 
occurrence today. 


URINARY TRACT INFECTION 

Immediately postpartum, bacteriuria is found in up to 40% of 
women (111), but resolves spontaneously in most (112). By the 
third postpartum day, bacteriuria is found in 1.7% to 4% by 
suprapubic aspiration. Only one-fourth of women with 
bacteriuria complain of dysuria, but the symptom is more 
common following catheterization. Conditions and procedures 
that are associated with bladder catheterization—cesarean 
section, vaginal operative delivery, epidural anesthesia, tocolysis, 
pre-eclampsia, abruption, renal disease—significantly increase 
the risk of bacteriuria (113,114). Antibiotic prophylaxis 
decreases the incidence of post-cesarean bacteriuria (115). 

Treatment for urinary tract infection is similar to that for 
the nonpregnant woman. High rates of cure are achieved even 
with a short (3 days) course of therapy (113). The causative 
organism is E. coli in 80% to 90% of infections, but may be 
another coliform or staphylococcal or enterococcal species 
(3,113). Culture and susceptibility testing may guide therapy, 
especially in patients who have recently received antibiotics. 
Suprapubic aspiration from a full bladder or urethral 
catheterization may be necessary to obtain samples of urine, 
as clean-catch midstream collections are frequently (46-69%) 
contaminated (113). 

Treatment of persistent asymptomatic bacteriuria, perhaps 
unwarranted in the nonpregnant patient, is recommended in 
the postpartum period (111). Decreased bladder tone, 
increased capacity, and incomplete emptying, along with a 
dilated collecting system and an enlarged uterus, capable of 
mechanical obstruction, may be present for weeks to months 
postpartum. These pregnancy-related changes predispose to 
vesicoureteric reflux and development of pyelonephritis. 
Infection of the urinary tract can be minimized by avoiding 
routine urethral catheterization of laboring or postpartum 
women. High-risk patients, who have received antibiotic 
suppression during the antepartum period to prevent 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


pyelonephritis, should probably continue the regimen for at 
least 2 weeks postpartum. 


UNUSUAL INFECTIONS 

Infections resulting from spinal or epidural anesthesia occur 
following less than 1 in 10,000 blocks (116). The diagnosis 
should be considered in the febrile patient with backache and 
pain radiating from the spinal area. Evaluation may include 
neurologic examination, cerebrospinal fluid analysis, and 
myelography. Weakness, numbness, and finally paralysis will 
develop if the infection goes untreated (117). 

Subgluteal or retropsoal infections have been reported 
following paracervical or pudendal block (116,118). Patients 
presented with poorly localized severe hip pain and limited 
range of motion. Associated organisms were normal vaginal or 
bowel flora. Gas in the soft tissues was seen in half the cases, 
and abscess formation was common. Treatment may be 
delayed, owing to failure to suspect the diagnosis. In addition 
to antibiotic therapy, surgical drainage, debridement, and 
diverting colostomy may be necessary for appropriate 
treatment. Sequelae from these serious infections include 
persistent discomfort, impaired ambulation, and death. 

Toxic shock syndrome has been reported in women with 
puerperal mastitis (119), postpartum endometritis (120), and 
abdominal wound infections (3) and may occur from several 
days to weeks after delivery. The organism responsible is 
typically S. aureus producing toxic shock syndrome toxin-1, 
but may alternatively be group A Streptococcus producing 
pyrogenic exotoxin A. Toxic shock syndrome presents with 
high fever, hypotension, rash, and multiorgan dysfunction. 
With proper antibiotic treatment and aggressive supportive 
care, most cases resolve in 48 to 72 hours, but mortality is 10% 
in cases of persistent hypotension, renal failure, or adult 
respiratory distress syndrome (ARDS) (120). 


SEPTIC SHOCK 

Rarely, septic shock may complicate a postpartum infection. 
Septic shock is characterized by hypotension and inadequate 
tissue perfusion, owing to overwhelming infection. The 
hypotension may be preceded by chills and fever and 
associated tachycardia, tachypnea, oliguria, or mental obtun- 
dation. Theories of pathogenesis and treatment of septic shock 
are reviewed elsewhere (121) (see further discussion in 
Chapter 11. 

Microorganisms causing sepsis incite the formation or 
release of vasoactive and inflammatory mediators that lead to 
peripheral vasodilatation, regional microembolization, and 
endothelial cell injury. Severe multiorgan dysfunction invol- 
ving the lungs, kidneys, liver, heart, and central nervous 
system may result from inadequate perfusion. Aggressive 
management strategies incorporate broad-spectrum antibiotic 
coverage, volume replacement, invasive hemodynamic mon- 
itoring, inotropic agents, and peripheral vasoconstrictors to 
maintain afterload. Rapid reversal of organ hypoperfusion, 
improvement in oxygen delivery, and correction of acidosis 
must be achieved for successful stabilization of the patient. A 
careful search for infected or necrotic foci that may be 
responsible for persistent bacteremia is warranted. Surgical 
intervention is sometimes required to remove the underlying 
cause of sepsis. 


POSTPARTUM INFECTIONS 


Associated complications include ARDS, pulmonary edema, 
disseminated intravascular coagulation, thromboemboli, and 
cardiac arrest. The risk of maternal mortality increases as 
associated complications become superimposed on the septic 
hypotension. Fortunately, mortality due to septic shock is 
thought to be considerably lower than that in the nonobstetric 
population. Early identification of sepsis, prompt institution of 
antibiotic therapy, volume administration, and cardiopul- 
monary support when needed are essential to prevent 
complications and minimize mortality. 
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// Urinary tract infections in pregnancy 


Steven R. Allen 


Urinary tract infections (UTIs) commonly complicate 
pregnancy, present in approximately 10% of gestations. 
Asymptomatic bacteriuria (ASB) is encountered most fre- 
quently. Symptomatic infections, cystitis and pyelonephritis, 
complicate pregnancy less frequently. Of these three infec- 
tions, the primary impact on pregnancy outcome derives 
from acute pyelonephritis, which is commonly preceded by 
ASB rather than acute cystitis (1). Clinical presentation, risk 
factors, common complications, and treatment for these 
three forms of UTI are summarized in Table 1. 


PATHOGENESIS 

Female anatomy and the physiologic changes of normal 
pregnancy impart risk factors for UTIs. Because of the short 
length (approximately 4cm) of female urethra and its 
termination beneath the labia and relatively near the anus, it 
is at increased risk of colonization by Gram-negative colonic 
bacteria. Urethral and periurethral bacteria may intermittently 
enter the bladder, typically after intercourse (2). Once within 
the urinary tract, attachment of bacterial pili or fimbriae to 
carbohydrate components of urothelial cell surface glycolipids 
and glycoproteins enhances virulence (3). 

Half of women with UTIs during pregnancy have an 
enlarged bladder capacity, and 15% have a significant post- 
void residual volume (50-150mL) (4). Normal physiologic 
changes of pregnancy include a mild hydronephrosis and 
hydroureter, potentially created by both the mechanical 
compression of the ureter by the enlarging uterus and pelvic 
blood vessels at the pelvic brim (right greater than left), and 
the relaxant effect of progesterone on ureteral smooth muscles. 
In combination, these factors account for the increased rate of 
both bladder and ascending infections during pregnancy. 

Population-specific risk factors for UTIs in pregnancy 
include nonwhite race, younger maternal age, and antepartum 
genital tract infection (5). 

The bacterial spectra responsible for all three types of UTIs 
in pregnancy are similar and also are similar to the spectra of 
bacteria causing UTIs in nonpregnant females. Escherichia coli 
is the most common isolate, present in 70% to 90% of positive 
urine cultures. Bacteria from other genuses of Enterobacter- 
iaceae are the next most common: Klebsiella, Enterobacter, 
Citrobacter and Proteus. Gram-positive organisms cause <10% 
of UTIs in pregnancy, with group B streptococcus the most 
common member of this group (1,6-9). 

Beyond the fetal risks discussed below in relation to 
antibiotic exposure and the potential complications of 
pyelonephritis, maternal UTIs may also increase the risk of 
fetal anomalies. Analyses of data from the U.S. National Birth 
Defects Prevention Study show associations between the first- 
trimester maternal UTI and gastroschisis plus at least one 
other major anomaly (OR 3.1, 95% CI 1.4-6.7) (10) and 


cardiovascular malformations (left ventricular outflow tract 
obstruction, OR 1.48, 95% CI 1.02, 2.14; atrioventricular 
septal defect, OR 2.55, 95% CI 1.19, 5.48) (11). For both of 
these noted associations, the risk appears to exist regardless of 
fever or antibiotic exposure. 


ANTIBACTERIAL CONSIDERATIONS 

Because of the similarity of bacterial spectra responsible for 
each of the three types of UTIs discussed within this chapter, 
similar antibacterial selection strategies can be applied for 
treating each. An understanding of the changing resistance 
pattern for E. coli is critical in selecting an appropriate 
antibiotic, since it is the predominant cause of UTIs. E. coli 
isolates from women with acute cystitis during an observation 
period ending in 1996 showed progressive resistance to 
ampicillin (34%), cephalothin (28%), trimethoprim (18%), 
and trimethoprim-sulfamethoxazole (18%). E. coli resistance 
to trimethoprim—sulfamethoxazole (TMP-SMX) had increased 
to over 20% in some regions of the United States (12). Results 
from a single institution in 2000 showed E. coli to be 
unacceptably resistant to ampicillin (75% incidence of 
sensitivity) and marginally more likely to be sensitive to 
TMP-SMX. In that study population, nitrofurantoin had the 
highest likelihood of success for treating uropathogens (100% 
susceptibility for E. coli and 89% overall) (13). 

Several antibiotics have proven to be effective for treating 
UTIs. When treating UTIs in pregnancy, the safety considera- 
tions must obviously include potential fetal effects. The 
following drugs may be considered during pregnancy. 


Penicillins and Cephalosporins 
High likelihood of resistance prevents these agents from being 
ideal empiric choices. 


Trimethoprim—Sulfamethoxazole 

Although TMP-SMX has been recommended as a primary 
treatment for uncomplicated UTIs (14), progressive bacterial 
resistance to it now potentially limits its effectiveness as an 
empiric therapy (13). The best predictor of resistance to 
TMP-SMX in urinary coliform bacteria is recent use of 
TMP-SMX (OR 5.9; 95% CI 2.4, 14.3); other predictors 
include diabetes, recent hospitalization, and current use of 
antibiotics (15). In addition to declining efficacy, safety 
features should also be considered before using TMP-SMX to 
treat UTIs during pregnancy. Both trimethoprim and 
sulfonamide antibiotics inhibit nucleic acid synthesis by 
interfering with bacterial production of folic acid. A case- 
control study of birth defects in the United States and Canada 
reported an increased likelihood of first-trimester exposure 
to dihydrofolate reductase inhibitors (including TMP-SMX) 
among women giving birth to babies with cardiovascular 
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Table 1 Summary of Urinary Tract Infections During Pregnancy 


Symptoms 


Unique risk factors 


Acute cystitis 
Urgency 
Frequency 
Dysuria 
History of recurrent 
cystitis 


Asymptomatic 
bacteriuria 


No symptoms 


Parity 

Nonwhite race Lower 
socioeconomic status 

Diabetes 


Pyelonephritis 
Back or flank pain 
Fever 
Chills 


Asymptomatic bacteriuria 
Younger age 

Nulliparity 

Sickle cell trait or disease 


Bacteremia 


Prior UTI 
Complications Recurrent acute cystitis Pyelonephritis 
Treatment Oral broad-spectrum Oral broad-spectrum 


antibiotic, 3-7 days 


defects (OR 3.4; 95% CI 1.8—6.4) and oral clefts (OR 2.6; 95% 
CI 1.1-6.1) (16). The increased risk of cardiovascular defect 
associated with dihydrofolate reductase inhibitor consump- 
tion was offset in women who also took supplemental folic 
acid (400 g/day). Although neonatal jaundice has occasion- 
ally been reported after fetal exposure to sulfonamides, a 
contemporary literature review shows no reported cases of 
kernicterus after such exposure (17). These findings support 
a recommendation to avoid TMP-SMX in both the first and 
late third trimesters, and to recommend a higher folic acid 
supplement dose (4mg/day) if TMP-SMX is prescribed in 
the first trimester (18). 


Nitrofurantoin 

This agent’s primary benefit is its continued effectiveness 
against most strains of E. coli. It is also effective against many 
other gram-positive and gram-negative urinary pathogens, but 
has limited effectiveness against Klebsiella, Enterobacter, 
Pseudomonas, and Proteus. It reaches a high concentration in 
urine, but not in renal tissue, thus should not be used as 
primary treatment for pyelonephritis. Rare maternal compli- 
cations include reversible sensory neuropathy (19) and 
reversible pneumonitis (occurring in fewer than 1/100,000 
exposures) (20). Nitrofurantoin is not teratogenic and does 
not need to be avoided in the first trimester (21). The 
extremely low risk for fetal or neonatal hemolytic anemia due 
to impaired glutathione reductase activity or glucose-6- 
phosphate dehydrogenase deficiency (with an estimated risk 
of 0.001%) (22) need not prohibit its use near term. However, 
these concerns still prompt some recommendations against its 
use near anticipated delivery (23). 


Gentamicin 

Aminoglycosides attain high renal tissue levels, thus may be 
particularly beneficial in the treatment of pyelonephritis. 
Although ototoxicity has been reported with other aminogly- 
cosides, there are no clear human data supporting fetal 
ototoxicity (24,25). 


antibiotic, 3-7 days 


Septic shock 

Pulmonary edema 

Broad-spectrum antibiotic, parenteral 
until clinically improved, then oral 
to complete 10- to 14-day course, 
followed by oral broad-spectrum 
antibiotic prophylaxis until 6 weeks 
postpartum 


Fluoroquinolones 

Although arthropathy may develop after fetal exposure in 
animals, limited human data have not shown arthropathy or 
other defects following fetal exposure (26). However, concerns 
about the potential development of drug resistance if this 
effective family of antimicrobials is overused logically keep 
fluoroquinolones from being first-line agents for the treatment 
of UTI in pregnancy. 


Fosfomycin 
Limited data for this agent in pregnancy preclude a specific 
recommendation for its use (27,28). 


CYSTITIS 

Acute cystitis in pregnancy has a clinical presentation not unlike 
that of symptomatic bladder infection outside of pregnancy. 
The diagnosis should be suspected in a woman with urgency, 
frequency, dysuria, or hematuria, and without evidence of 
upper UTI or systemic illness. A culture of catheterized or 
midstream urine positive for a single organism confirms the 
diagnosis. Although the traditional diagnosis of UTI is based 
upon a quantitative culture containing >10° bacteria/mL, a 
lower threshold may be appropriate in the presence of 
bladder symptoms. Comparing cultures of urine obtained 
directly from the bladder via suprapubic aspiration or urethral 
catheterization with those of midstream specimens in 
acutely dysuric (nonpregnant) women, midstream samples 
with >10° bacteria/mL have a sensitivity of 95% and a specificity 
of 85% for the detection of coliform bacteria (29). 

Acute cystitis occurs much less frequently in pregnancy than 
asymptomatic UTIs. Harris and Gilstrap (6) found the 
incidence of cystitis to be 1.3% among a population of 
military dependents. Two-thirds developed their symptomatic 
infection after the initial clinic visit, and of these, 95% had 
negative urine cultures at their first prenatal visit. Although 
half of the patients with cystitis had a history of UTIs, after a 
10-day course of antibiotic only 17% had recurrence, and no 
patients developed pyelonephritis. 


URINARY TRACT INFECTIONS IN PREGNANCY 


The usual treatment for acute cystitis in pregnancy is with a 
short (3-7 days) course of broad-spectrum antibiotic. In 
nonpregnant women, without the cited physiologic genitour- 
inary tract changes that predispose to UTI during pregnancy, 
multiple-dose regimens provide better treatment than a single 
dose of a broad-spectrum antibiotic (30). Logic predicts that 
multiple-dose regimens also will be more efficacious in 
pregnant women. Before the more common antimicrobial 
resistance patterns currently seen, a 10-day oral course of any 
one of the following—ampicillin 250mg four times a day, 
nitrofurantoin macrocrystals 100mg three times a day, 
sulfisoxazole 500mg four times a day, or cefazolin 250mg 
four times a day—demonstrated equal efficacy in pregnant 
women (6). 

Taking into account the considerations listed in the prior 
section, any one of the typically effective drugs may be started 
empirically for the clinical diagnosis of cystitis, with appro- 
priate changes in selection if directed by urine culture 
sensitivity results. Limited published data are available to 
specifically direct the best therapy for acute cystitis in 
pregnancy. Five days of twice-daily oral therapy with 
nitrofurantoin 100mg or ampicillin 500mg had similar cure 
rates (87% and 90%) in 1989 (31), before recent increases in 
ampicillin resistance, and similar cure rates have also been 
shown in a small study comparing a single 3-g dose of 
fosfomycin trometamol and a 3-day course of 400-mg 
ceftibuten per day (95% and 90%) (28). Given the 
predominance of E. coli as a uropathogen and its ongoing 
susceptibility to nitrofurantoin, that agent is likely to be the 
best primary therapy in most cases (13). 

A follow-up urine culture may be obtained after initial 
treatment to confirm appropriate therapy for cystitis, but 
because of the low rate of recurrence and its typical 
symptomatic presentation, serial screening urine cultures are 
not recommended. 

Sexual intercourse is a risk factor for recurrent cystitis in 
some women. Pfau and Sacks (32) showed a 99% reduction 
from the baseline (pre-pregnant) rate of recurrent cystitis 
among 33 pregnant women using post-coital cephalexin 
250mg or nitrofurantoin 50mg. As compared with daily 
prophylaxis, this form of therapy provides most at-risk women 
with the convenience and cost benefit of less frequent 
antibiotic administration. 


ASB 

ASB, silent bacterial colonization of the urinary tract, is the 
most common UTI in pregnancy, with an incidence of 2% to 
10% (7,33,34). Lower socioeconomic status, nonwhite race, 
increased parity (33), diabetes, and prior UTIs increase the 
risk (35). 

For asymptomatic women, bacteriuria is diagnosed by 
quantitative urine culture: two consecutive voided specimens 
with isolation of the same bacterial strain in quantitative 
counts >10° bacteria/mL or a single catheterized urine 
specimen containing 210° bacteria/mL (36). Although only 
approximately 80% of women with a positive initial screening 
culture would have that confirmed on subsequent sampling, 
the detection of 210° bacteria/mL in a single voided midstream 
urine is generally accepted as an adequate and more practical 
alternative to the requirement for serial positive samples (37). 
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The bacteria identified in ASB are generally similar to those of 
other UTIs, except that group B streptococcus is more 
common in this UTI, present in approximately one-quarter 
of positive screening cultures (8,38). 

The significance of ASB during pregnancy lies not in the 
primary infection but rather in the potential secondary 
complications. Although ASB is no more common in pregnant 
women, the physiologic changes of pregnancy that lead to 
urinary stasis increase the likelihood of ASB progressing into an 
ascending infection. Subsequent pyelonephritis occurs in 
approximately 40% of untreated women with ASB (39). 
Fortunately, the risk of pyelonephritis is reduced to approxi- 
mately 3% following the treatment for ASB (40). A meta- 
analysis evaluating the relationship between ASB and pregnancy 
outcomes showed low birth weight to be 3.4% more likely 
following ASB and preterm birth to be 3.8% more likely after 
untreated ASB (41). The same analysis showed a reversal of 
ASB’s impact upon the risk of low birth weight with antibiotic 
treatment (OR for low birth weight if given antibiotics = 0.52, 
95% CI 0.38-0.7). 

The risks of untreated ASB and the inability to identify it 
clinically prompt recommendations for routine screening in 
pregnancy (36,42,43). As no rapid screening techniques have 
adequate sensitivity or predictive values, urine culture remains 
the recommended standard for detecting ASB (42,44). 

Current published guidelines for ASB screening recom- 
mend that a urine culture be obtained at least once in early 
pregnancy (36), such as at 12 to 16 weeks of gestation (or at the 
first prenatal visit, if later) (42). Screening on that schedule will 
not identify all cases of ASB. A prospective cohort study in 
which participants had serial urine cultures performed showed 
that only 43% of the overall positives occurred at <20 weeks of 
gestation (38). However, early studies showing a great 
reduction in risk for pyelonephritis following primary 
antimicrobial therapy for ASB and an average risk for 
subsequent pyelonephritis in initially nonbacteriuric women 
of only 1.4% (40) together suggest that serial screening to 
identify ASB later in pregnancy would have a relatively low 
yield and not be cost effective. 

To accurately interpret the results of a quantitative urine 
culture, it must have been obtained under conditions that 
minimize contamination. Vulval cleansing with chlorhexidine 
may reduce the bacterial colony counts of a midstream urine 
sample, and cleansing with water provides more representative 
results. Additionally, the quantity of bacteriuria correlates with 
the time interval between episodes of voiding; although a first 
morning void is not necessary, the practice of having patients 
drink fluid to speed diuresis should be avoided (45). 

Although early protocols used continuous treatment until 
delivery, by 1977 Whalley and Cunningham (46) had shown 
that short-term treatment (14 days) combined with surveil- 
lance for recurrent bacteriuria provided similar results. In 
2000, a Cochrane systematic review concluded that published 
data are insufficient to determine the optimal duration of 
therapy for ASB in pregnancy (47). In 2005, the Infectious 
Diseases Society of America recommended 3 to 7 days of 
antimicrobial therapy for ASB, but did not identify an optimal 
drug for therapy (36). 

A Cochrane systematic review of antibiotic treatments for 
ASB in pregnancy published in 2007, which included 
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randomized controlled trials of a variety of antibiotics 
(sulfonamides, nitrofurantoin, penicillin, and ampicillin), 
concluded that antibiotic treatment is effective in reducing 
the risk of pyelonephritis, but no single antibiotic choice is 
superior (48). According to that review, the number of women 
needed to treat to prevent one case of pyelonephritis is seven. 

Since the diagnosis of bacteriuria is made by urine culture 
and no optimal drug choice had been identified, antimicrobial 
selection for the treatment of ASB in pregnancy may be guided 
by susceptibility results and fetal safety considerations. 

In response to the potential silent recurrence of ASB, the 
Infectious Diseases Society of America recommends periodic 
screening after initial therapy in pregnancy (36). Urine 
cultures obtained 1 to 2 weeks after initiation of therapy and 
additional screening per trimester would meet these guide- 
lines. 

Following a recurrent UTI, broad-spectrum antibiotic 
suppression for the remainder of the pregnancy may be 
helpful, such as with nitrofurantoin 100mg every day. For 
women with recurrent infections, urologic examination 
should be scheduled for 3 to 6 months postpartum, as up to 
half of these women will have a urinary tract structural 
abnormality (4). Although pyelographic abnormalities are 
more common in women with a history of ASB, it is unclear 
whether these are primarily or secondarily associated. 


PYELONEPHRITIS 

Affecting 1% to 2% of all pregnancies, pyelonephritis is one of 
the most common serious medical problems encountered 
during pregnancy. It will develop in 36% to 42% of untreated 
women with ASB; this risk falls to <3% with the treatment for 
bacteriuria (39,49). Only approximately 1.4% of women 
without bacteriuria early in a pregnancy will subsequently 
develop pyelonephritis before delivery (40). Pyelonephritis 
occurs most commonly during the second or third trimester, 
although up to one-quarter of infections are diagnosed 
intrapartum or postpartum (1,50,51). In addition to other risk 
factors for UTIs in general, younger age, nulliparity (51), and 
sickle cell trait (52) or disease (OR 1.3, 95% CI 1.0-1.8) (53) 
make pyelonephritis more likely. It is usually an ascending 
infection, more likely to occur during pregnancy because of the 
physiologic changes predisposing to urinary stasis. Conditions 
unique to the renal medulla make the kidney particularly 
vulnerable to infection in the presence of stasis: high urine 
osmolarity, high urea and sodium concentrations, and low pH 
impair chemotaxis and inhibit polymorphonuclear leukocyte 
phagocytosis. 

Unlike its usual precursor ASB, pyelonephritis is nearly 
always diagnosed clinically. Patients typically present with the 
symptoms of back pain and chills (82%); approximately one- 
quarter have nausea and vomiting. An elevated temperature is 
uniformly present, with a temperature of 240°C in 12% of 
patients. The majority of patients have costovertebral angle 
tenderness (predominantly right sided or bilateral) (1). 
Because none of these signs or symptoms is pathognomonic 
for pyelonephritis, the final diagnosis should depend on a 
urine culture positive for a known uropathogen. 

To speed up diagnosis and treatment while awaiting the 
urine culture results, microscopic examination of uncentri- 
fuged urine can be performed. One bacterium per high power 
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field indicates a bacterial concentration of at least 10°/mL. One 
or more white blood cells per high power field will also usually 
be seen in pyelonephritis. Although indicative of a UTI, none 
of these findings are specific for pyelonephritis. If the diagnosis 
of pyelonephritis is suspected, blood cultures may also be 
obtained before antibiotic treatment is begun. However, the 
additional cost of blood cultures may not be substantiated by 
clinical benefit, as the blood culture results of the patients with 
pyelonephritis who develop bacteremia usually parallel the 
urine culture results; MacMillan and Grimes changed anti- 
biotic treatment based on blood cultures in only 2% of 
pregnant patients with pyelonephritis (54). 

Traditional management recommendations for acute 
pyelonephritis in pregnancy include hospitalization and 
intravenous antibiotic administration until significant clinical 
improvement allows conversion to oral antibiotics, completing 
a 10- to 14-day course of therapy (55). Van Dorsten and 
associates showed the importance of appropriate initial 
antibiotic selection, demonstrating a 67% rate of successful 
treatment with an antibiotic proven effective by routine 
sensitivity methods, as compared with a 42% rate of successful 
treatment with an antibiotic to which the isolated bacteria 
were resistant (56). Although ampicillin has been used for 
primary therapy, the increasing resistance of E. coli to ampicillin 
compromises its status as the drug of choice. Gentamicin is 
nearly uniformly effective but because of associated costs for 
monitoring serum levels and the lack of an oral equivalent, it 
is not most commonly used for primary therapy. Gentamicin 
and ampicillin may be combined for efficacious empiric 
therapy of pyelonephritis in pregnancy; the half of women 
with ampicillin-resistant uropathogens have no higher rate of 
complications (anemia, renal dysfunction, respiratory insuffi- 
ciency, or preterm birth) than the half with ampicillin-sensitive 
uropathogens (57). A variety of successful protocols may be 
used to treat pyelonephritis in pregnancy (Table 2). 

Sanchez-Ramos and coworkers reported the single-daily 
intravenous administration of ceftriaxone 1g to be equally 
effective and less costly than three-daily 2-g doses of cefazolin 
intravenously (58). Wing and colleagues randomized gravidas 
with pyelonephritis to receive initial parenteral treatment with 
ampicillin (2g IV every 4 hours) plus gentamicin (2mg/kg IV 
loading then 1.75mg IV every 8 hours), cefazolin (2g IV every 
8 hours), or ceftriaxone (1g IM every 24 hours) and identified 
no difference in the duration of fever, time to resolution of 
costovertebral angle tenderness, duration of hospitalization, or 
birth outcomes (59). 


Table 2 Pyelonephritis Antibiotic Protocol Options 


Antimicrobial agent Suggested regimen 


Cefazolin + gentamicin 1-2g IV q6-8h 
(dose as below) 

Cefuroxime 

Ceftriaxone 

Ampicillin + gentamicin 
(dose as below) 


0.75-1.5g IV q8h 
12g IV or IM q24h 
2g IV q4h 


Gentamicin 2mg/kg IV loading dose, then 
1.75mg/kg q8h or per 
pharmacokinetic dosing 

Cephradine 1g IV q6h 


URINARY TRACT INFECTIONS IN PREGNANCY 


In addition to parenteral antibiotics, some gravidas with 
pyelonephritis also will initially require hydration to correct 
intravascular volume deficits and electrolyte imbalances, 
antipyretic treatment, and tocolysis. 

Recognizing that outpatient oral treatment of acute 
pyelonephritis in nonpregnant patients has been proven safe 
and effective (60), successful trials of outpatient treatment for 
pregnant women with uncomplicated pyelonephritis also 
have been published (61-63). Angel and colleagues compared 
oral and intravenous cephalosporin treatments of pyelone- 
phritis in pregnancy, reporting excellent results for both 
forms of administration (91% and 93% success rates, 
respectively) (61). Millar and colleagues demonstrated the 
efficacy of outpatient treatment for pyelonephritis in women 
with pregnancies of gestational age both less than 24 weeks 
and after 24 weeks (62,63). Their protocol at less than 
24 weeks compared initial parenteral ceftriaxone for out- 
patient treatment with cefazolin for inpatient treatment 
(both followed by oral cephalexin 500mg four times daily 
for 10 days), with similar culture-negative success rates 
(78-80%) at follow-up 2 weeks after completion of therapy. 
However, inpatients receiving initial cefazolin were more 
likely to remain febrile for more than 3 days or require a 
change in antibiotic. Millar’s subsequent study of women 
with pyelonephritis after 24 weeks of gestational age treated 
all participants with ceftriaxone 1 g IM twice (24 hours apart), 
then cephalexin 500mg orally four times daily for 10 days, 
and led to 91% culture-negative success at 2-week follow-up. 
The majority of the women randomized to outpatient 
treatment were discharged with follow-up within 2 to 3 days, 
but 28% remained hospitalized for complications including 
sepsis or preterm labor. The cited studies comparing inpatient 
and outpatient therapy for pyelonephritis in pregnancy share 
comparable success rates and lack of complications for both 
strategies. Furthermore, the published outpatient strategies, 
limiting the outpatient option to otherwise uncomplicated 
patients, share a conservative approach of initial hospital 
observation and prompt outpatient follow-up. 

A meta-analysis of randomized control studies of treat- 
ments for symptomatic UTIs during pregnancy reviewed six 
pyelonephritis studies and concluded that data are insuffi- 
cient to recommend any specific best strategy among the 
study protocols (64). Factors to consider in selecting an 
empiric regimen may then include local resistance patterns 
and costs. 

The benefit of chronic antibiotic prophylaxis after primary 
treatment for pyelonephritis has been demonstrated by Harris 
and Gilstrap (9), who reduced the 60% risk of recurrent 
pyelonephritis in their population to 3% by continuing broad- 
spectrum antibiotic prophylaxis after primary therapy 
throughout the duration of pregnancy. Nitrofurantoin macro- 
crystals 50mg every day is an excellent choice for prophylaxis. 
Note, however, that such prophylaxis is effective only if the 
primary antibiotic therapy is appropriate for the etiologic 
organism (56). Although most early studies on the potential 
benefit of prophylactic antibiotics following acute pyelone- 
phritis in pregnancy ended prophylaxis at the time of 
delivery (9,65), Sandberg extended the prophylaxis for a 
month postpartum (66), and many subsequent studies have 
extended prophylaxis until 6 weeks postpartum (62,63). 
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Frequent follow-up urine cultures may suffice as an alternative 
to chronic antibiotic prophylaxis following pyelonephritis in 
pregnancy. In a study tracking urine cultures every 2 weeks 
and comparing the option of chronic nitrofurantoin following 
treated pyelonephritis, gravidas not receiving prophylaxis were 
no more likely to get recurrent symptomatic UTI (14% vs. 
8%); however, they were nearly twice as likely to have a 
subsequent positive urine culture (59% vs. 33%, p < 0.02) (66). 
The cost of multiple urine cultures will probably exceed the 
cost of prophylactic nitrofurantoin. 

Following appropriate parenteral antimicrobial therapy, 
clinical improvement occurs quickly, with resolution of fever 
anticipated within 48 hours in 85% of patients (67). In the 
uncommon event of no improvement after 48 to 72 hours of 
appropriate antibiotic therapy, consideration should be given 
to complicating factors such as obstruction, cortical abscess, 
papillary necrosis, or perinephric abscess. A renal ultrasound 
scan will detect many of the treatable complications that 
could delay response to therapy. However, ultrasonography 
has only one-quarter of the sensitivity of non-enhanced 
helical computed tomography for the detection of renal 
calculi (68). 

Transient renal dysfunction has been demonstrated during 
acute pyelonephritis, with a reduction of endogenous 
creatinine clearance to <80mL/min in 27% of patients, and 
an incidence of approximately 20% for elevated blood urea 
nitrogen (>11 mg/dL) and serum creatinine (>1 mg/dL) (1,69). 
The urinary tract is the most common site of origin for 
gram-negative sepsis, and bacteremia occurs in up to 17% of 
patients with pyelonephritis. Bacteremia in the presence 
of pyelonephritis is usually an incidental finding, but it 
may also present as septic shock. Cunningham and co- 
workers reported a 3% incidence of septic shock among 
gravidas with acute pyelonephritis (67). Septic shock occurs 
secondary to endotoxemia or exotoxemia, and may lead to 
diffuse organ failure. Acute renal failure secondary to acute 
tubular necrosis may further compromise the transient 
renal dysfunction commonly seen with pyelonephritis. 
Pulmonary insufficiency, including dyspnea, tachypnea, 
hypoxemia, and pulmonary infiltrates, complicates 7% of 
gravidas with pyelonephritis (51). Septic shock complicating 
pyelonephritis may also cause hemolysis, thrombocytopenia, 
hepatic dysfunction, and adult respiratory distress syndrome. 
A syndrome of noncardiogenic pulmonary edema, with or 
without renal, hepatic, or hematopoietic dysfunction, 
has been reported in 2% of pregnant patients with 
pyelonephritis (70). This syndrome typically appears within 
30 hours of admission and manifests as dyspnea, tachypnea, 
hypoxemia, and pulmonary effusions and consolidation; 20% 
of patients require mechanical ventilation, and most recover 
within 2 to 3 days. 

An association between pyelonephritis and both preterm 
delivery and increased perinatal mortality was recognized in 
the pre-antibiotic era; however, appropriate antibiotic therapy 
appears nearly to eliminate these risks. Gilstrap and co- 
workers reported a higher rate of low birth weight for women 
with pyelonephritis (<2500g, 15% incidence vs. 10% in 
controls) (71), but no increase in perinatal mortality rate, and 
Fan and associates found no increase in low birth weight, size 
small for gestational age, or preterm delivery (50). 
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INTRODUCTION 

Bacterial vaginosis is the most common cause of vaginal 
discharge and malodor among women of reproductive age (1,2). 
This condition has also been termed Gardnerella vaginitis, 
nonspecific vaginitis, and anaerobic colpitis. Studies have shown 
an association with early and late pregnancy loss, preterm 
birth, preterm labor, premature rupture of membranes, 
chorioamnionitis, amniotic fluid infection, postpartum en- 
dometritis, and cesarean section infectious morbidity (3-18). 
These associated complications have resulted in the recom- 
mendation for screening all pregnancies as a way to prevent 
adverse events. Unfortunately, studies have often been 
conflicting as to the exact relationship between bacterial 
vaginosis and poor pregnancy outcomes. Recent large-scale 
analysis has shown screening in the asymptomatic general 
population to be ineffective. Many organizations including the 
U.S. Preventive Services Task Force (19), American College of 
Obstetrics and Gynecology (19), British Association for Sexual 
Health and HIV/Clinical Effectiveness Group (20), and the 
Society of Obstetricians and Gynaecologists of Canada do not 
recommend screening of bacterial vaginosis in low-risk 
pregnant populations (21). This chapter will review bacterial 
vaginosis in pregnancy, the pathophysiology involved in 
associated adverse pregnancy outcomes, and the screening 
recommendations based on the current literature. 


MICROBIOLOGY AND PATHOGENESIS OF BACTERIAL 
VAGINOSIS 

Bacterial vaginosis consists of microecologic alterations in 
which a characteristic set of bacterial species greatly expand 
their populations within the vagina. This causes dramatic shifts 
in the biochemical make-up of vaginal fluid (Table 1) (22,23). 

In the healthy vagina, between 5 and 15 microbial species 
are usually recoverable. High concentrations (10°-10°/g of 
fluid) of lactic acid—producing acidophilic facultative lacto- 
bacilli are normally the predominant microflora found 
throughout the menstrual cycle (23,24). Lactobacillus crispa- 
tus, Lactobacillus jensenii, Lactobacillus fermentum, and 
Lactobacillus gasseri represent the predominant vaginal 
species (24). Many of these produce H20, along with lactic 
acid. Other bacteria account for the remaining 10% of 
bacteria recovered (23-25). 

The acidic environment in the healthy vagina is maintained 
by microbial metabolism of glucose, produced by vaginal 
epithelial cells from glycogen, to lactic acid (25). In addition to 
maintaining an acidic vaginal environment, H,O,-producing 
lactobacilli contribute to the maintenance of a healthy, self- 
sustaining vaginal ecosystem (26,27). In vitro experiments 
demonstrate that Lactobacillus species inhibit growth of 
bacteria by producing antimicrobial factors, including acidolin 
and lactacin B, in addition to HO, (26-29). The microbicidal 


action of HO, is further enhanced in the presence of a halide 
ion, such as chloride, from cervical mucus, and peroxidase 
enzymes, such as myeloperoxidase, produced by neutrophils 
and monocytes (28). 

Each of these factors is present in the vaginal fluid of healthy 
women in sufficient concentrations to produce in vitro 
bactericidal effects (28). In a longitudinal study, Hillier and 
colleagues (30) found that women without H,O,-producing 
lactobacilli more often developed bacterial vaginosis and more 
frequently relapsed after successful treatment. These findings 
support the hypothesis that an absence of H2O2-producing 
lactobacilli precedes the shift in the vaginal ecosystem toward 
development of bacterial vaginosis (31). This increase in pH 
tends to displace lactobacilli from receptor sites on vaginal 
epithelial cells and maximizes adherence of Gardnerella 
vaginalis and other bacterial vaginosis—associated microorgan- 
isms (31,32). 

The condition of bacterial vaginosis is characterized by this 
dramatic decrease in normal lactobacilli and subsequent high 
concentrations of aerobic and anaerobic bacteria, most 
notably Prevotella, Peptostreptococcus, Porphomonas, and 
Mobiluncus species, along with G. vaginalis, Mycoplasma 
hominis, and Ureaplama ureclyticum (23,24). 

Biophysical changes associated with bacterial vaginosis 
include elevated pH (>4.5), reduced redox potential, increased 
fluid concentrations of diamines, polyamines, and organic acids, 
as well as increased concentrations of enzymes, including 
mucinases, sialidases, IgA proteases, collagenases, nonspecific 
proteases, and phospholipases A, and C (24,33-39). Endotoxin 
(lipopolysaccharide), cytokine interleukin-la, and prostaglan- 
dins E, and F,a are also increased in the vaginal fluid of women 
with bacterial vaginosis (40,41). Amines, primarily trimethyla- 
mine, putrescine, and cadaverine, are produced during amino 
acid metabolism by bacterial vaginosis—associated anaerobic 
bacteria (37,42). These volatile amines are released as pH 
increases and are responsible for the “sharp” or “fishy” odor 
sometimes noticed in the presence of bacterial vaginosis (37,43). 
Several short-chain fatty acids, including succinate, acetate, 
propionate, isobutyrate, butyrate, and isovalerate, are also 
increased in bacterial vaginosis (24). In vitro studies demon- 
strate that increased succinic acid dramatically impairs 
neutrophil phagocytic killing, response to chemotactic stimuli, 
and generation of respiratory bursts required for bacterial 
killing (44). Butyrate inhibits lymphocyte activation by release 
of an endotoxin (45,46). 

These virulence factors promote tissue attachment, over- 
come host defense mechanisms, and facilitate entrance of 
microorganisms and associated factors into the upper 
reproductive tract. Vaginal fluid protease and phospholipases 
probably play roles in bacterial vaginosis pathogenesis and 
ascent of microbes and into the uterus during pregnancy. 
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Mucinases and sialidases lyse protective mucin and promote 
bacterial attachment, allowing invasion and spread to under- 
lying epithelial cells. These enzymes may also play a role in 
disruption of cervical mucus, leading to upper genital tract 
spread of bacterial vaginosis—associated microflora (38). 
During pregnancy, bacterial phospholipases A, and C, as well 
as nonspecific proteases, may act on cervical and amniochor- 
ion tissues to promote cervical ripening and amniochorion 
weakening (40). In addition, phospholipases A, and C may 
promote the release of arachidonic acid and prostaglandins, 
furthering the processes leading to preterm birth (40). Thus, 
these bacterial substances directly contribute to the initiation 
of a number of bacterial vaginosis—associated obstetric 
complications (38—42). 


EPIDEMIOLOGY AND NATURAL HISTORY OF 
BACTERIAL VAGINOSIS 

Numerous studies have prospectively examined bacterial 
vaginosis among populations of pregnant women and demon- 
strated prevalence ranging from 6% to 32% (Table 2) (5,7,9- 
13,43,46,58). Studies from Canada, Sweden, and 
Denmark report bacterial vaginosis among 14% of pregnant 
women (56,59,60), which is similar to the 16% prevalence 
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reported in the United States (13). Epidemiologic factors 
showing increased prevalence in the United States are African- 
American race, smoking, and multiple sexual partners and are 
the lowest among women with no history of heterosexual 
contact (5,56,57,61,62). Among nonpregnant women of 
reproductive age, bacterial vaginosis is detected more often 
among those not using any method of contraception and among 
women using an intrauterine contraceptive device (36,63). 

Studies in pregnancy show that most women who test 
negative stay negative while women with bacterial vaginosis 
remain positive unless treated (12,61,63,64). Among pregnant 
women initially tested negative for bacterial vaginosis in the 
first trimester, 2.9% of British women and no Swedish 
women developed bacterial vaginosis by the follow-up 
examination at 28 weeks of gestation, and 47% to 55% of 
initially positive women continued to have findings of 
bacterial vaginosis at the third-trimester follow-up visit. A 
further 2.4% of women without bacterial vaginosis in the first 
trimester had developed bacterial vaginosis by term (61,65). 
In 31% of untreated women with bacterial vaginosis, the 
condition resolved by 28 weeks of gestation (63). Importantly, 
Joesoef and coworkers (12) determined that women with 
bacterial vaginosis at 16 to 20 weeks of gestation suffered 


Table 1 Biochemical Factors in Bacterial Vaginosis and Their Potential Pathophysiologic Effects 


Vaginal fluid 
constituent Known or potential actions Potential effects in pregnancy 
pH Attachment of anaerobic bacteria and Numbers of pathogenic anaerobic bacteria 


Lactobacillus species attachment 
Impairs neutrophil phagocytic killing 


Succinic acid 


Vaginal fluid host defenses 


and response to chemotactic stimuli 


Butyrate 


Sialidase/Mucinase 


Toxic to fibroblasts in cell culture 


Degrades protective surface mucin, 


effects on cervical connective tissue and 
amniochorion 
Cervical mucus barrier 


bacterial attachment to epithelial cells 


IgA protease 
Collagenase 
Nonspecific proteases 
Phospholipase A2 


Degrades IgA proteins 
Degrades collagen types 


induces prostaglandins 


Induces matrix metalloproteinases, 


Cervical IgA 
Cervical ripening, amniochorion weakening 


Cervical ripening, amniochorion weakening, and 
uterine contractions 


Table 2 Prevalence of Bacterial Vaginosis in Pregnant Women Followed Prospectively 


Study population 
USA 


Diagnostic method prevalence 


Seattle, Washington (10,47—49) 


Denver, Colorado (13,38) 


Vaginal Infections and Prematurity Study (50) 
Maternal—Fetal Medicine Network Centers (51) 

Halifax, Nova Scotia, Canada (52) 

Finland (16) 

Goteborg, Sweden (53) 

Harrow, UK (54,55) 

Adelaide, Australia (15) 

Jakarta, Indonesia (56) 

Canada (57) 


Gas-liquid chromatography 14-28% 
Clinical 6-21% 
Gram stain 12-21% 
Gram stain 18.7—23% 
Clinical 32% 
Gram stain and pH > 4.5 16% 
Gram stain and pH > 4.5 23.4% 
Clinical 23% 
Quantitative cultures 21.4% 
Papanicolaou’s smear and pH>4.5 14.3% 
Gram stain 12-14% 
Gardnerella vaginalis culture (heavy growth) 28% 
Gram stain 17% 
Gram stain 14% 
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increased risk for preterm birth, even if they no longer 
had findings of bacterial vaginosis at the later follow-up visit 
(28-32 weeks of gestation). Prospective treatment studies 
show that bacterial vaginosis recurs between 20% and 80% in 
pregnancy, regardless of initial successful treatment (38,66). 
The individual factors that predispose to acquisition, 
persistence, resolution, and/or recurrence of bacterial vagi- 
nosis probably involve failure of H2O2-producing lactobacilli 
to recolonize and reestablish a normal, protective vaginal 
ecosystem following treatment (26,31,67). 


DIAGNOSIS OF BACTERIAL VAGINOSIS 

Clinical Diagnosis 

The clinical “gold standard” established in 1983 by Amsel and 
colleagues (36) is based upon the presence of three of four 
clinical criteria: 


1. homogeneous, thin vaginal fluid that adheres to the 
vaginal walls; 

2. vaginal fluid pH > 4.5; 

3. release of amine odor with alkalinization of vaginal 
fluid, the “whiff test”; and 

4. presence of vaginal epithelial cells with borders 
obscured by adherent, small bacteria called “clue 
cells.” 


Of the four Amsel’s criteria, the presence of clue cells on 
saline wet-mount examination is the most specific and 
sensitive indicator of bacterial vaginosis. Identification of 
clue cells accurately predicts 85% to 90% of women with 
clinical bacterial vaginosis (positive predictive value). Identi- 
fication of clue cells may be hindered by adherence of normal 
bacteria, cellular debris, and availability and quality of the 
microscopy (65,68). 

Clue cells can be microscopically distinguished from normal 
vaginal epithelial cells by their characteristic stippled and 
ragged appearance (Fig. 1). The cell borders are obscured by 
adherent small coccobacilli-type bacteria, in contrast to 
normal vaginal epithelial cells where the cell borders are 
distinct and clearly seen (Fig. 2). In addition to the presence of 
clue cells, the characteristic long rods, of Lactobacillus 
morphotypes, are absent or rare. Background bacterial flora 
appears greatly increased and short rods and coccobacillary 
forms predominate. Mobiluncus species may be identified by 
their characteristic spiral or serpent-like motility (69). 

The “whiff test” is similarly sensitive for the diagnosis of 
bacterial vaginosis, but may also be positive in trichomoniasis. 
Alkalinization of vaginal fluid releases volatile amines, 
putrescine, cadaverine, and trimethylamine, which give off a 
characteristically “fishy” or sharp odor. This odor may be 
noticed by a woman as amines are released spontaneously 
during activities that raise the vaginal pH, such as sexual 
intercourse, douching, or menses (37,43). 

Normal vaginal pH from menarche to menopause ranges 
between 3.8 and 4.2. Amsel and colleagues (36) determined 
that a vaginal fluid pH over 4.5 discriminated between 
bacterial vaginosis and normal vaginal fluid. Identification of 
pH over 4.5 is highly sensitive for the diagnosis of bacterial 
vaginosis, but it is not specific (2,36,70). 

Other factors may raise vaginal pH, including semen, 
cervical mucus, menses, trichomoniasis, and possibly recent 


douching. Samples for examination of vaginal fluid pH must 
be obtained from the lateral vaginal side wall or posterior 
fornices in order to reflect accurately vaginal, and not cervical, 
pH. Similarly, the pH indicator paper must allow distinction 
between the normal vaginal pH (3.8-4.2) and a pH over 4.5. 
The characteristic thin, homogeneous, and adherent vaginal 
fluid is the most subjective indicator of bacterial vaginosis. 


Laboratory Diagnosis 

Gram stains of vaginal fluid are used in research settings to 
identify the shift from predominance of Lactobacillus mor- 
photypes to predominance of coccobacillary morphotypes and 
gram-negative rods characteristic of bacterial vaginosis. The 
Gram-stain diagnosis involves quantitative estimations of 


Figure 1 “Clue cells” identified on microscopic examination of saline 
preparation. 


Figure 2 Normal vaginal epithelial cells identified on microscopic examina- 
tion of saline preparation. 
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these types of bacteria in the vaginal fluid (70-72). Normal 
vaginal fluid is described by a predominance of large gram- 
positive rods, considered Lactobacillus morphotypes, with or 
without smaller gram-variable bacilli, considered Gardnerella 
morphotypes (Fig. 2) (73). A pattern of mixed vaginal flora, 
which includes Gardnerella morphotypes, gram-negative rods, 
fusiforms, curved rods, gram-positive cocci, and absent or 
reduced numbers of Lactobacillus morphotypes (less than five 
per high-power field), is consistent with bacterial vaginosis 
(Fig. 3) (73). The current laboratory “gold standard” incorpo- 
rates Gram stain using a scoring system, the most prevalent being 
the “Nugent scoring” system with a sensitivity of 89% and a 
specificity of 83% when compared with Amsel’s criteria (Fig. 4). 

The technique of Nugent and coworkers (74) examines four 
bacterial morphotypes and assigns a summary score to the 
vaginal specimen based on the semiquantitative assessment for 
Lactobacillus morphotypes, G. vaginalis, Prevotella morpho- 
types, and Mobiluncus morphotypes. A score of 7 to 10 is 
considered to indicate bacterial vaginosis (74). Compared 


Figure 4 Gram stain of bacterial vaginosis. 
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with other diagnostic methods, this standardized scheme has 
superior reproducibility (73). 

This reproducibility has made the “Nugent score” the 
standard used in the majority of recent research. The required 
laboratory to perform the test and time delay prevent 
Gram-stain scoring systems from widespread clinical settings. 

Nonquantitative microbial culture for G. vaginalis is both an 
inaccurate and expensive way to diagnose bacterial vaginosis. 
Clinical cultures should not be used to diagnose bacterial 
vaginosis. Since organisms such as G. vaginalis can be 
recovered from up to 60% of women with and without 
bacterial vaginosis, this leads to unacceptable false-positive 
rates (2,59). Quantitative aerobic and anaerobic vaginal 
cultures have been used in clinical research studies to evaluate 
bacterial vaginosis, but this technique is costly and impractical 
for clinical use (9,10). 

Newer diagnostic techniques, including nucleic acid probes 
to detect high concentrations of G. vaginalis, have become 
available (71,75). Such tests as the Affirm VP III Microbial 
Identification Test (Becton Dickinson and Company, Sparks, 
MD) may provide a less subjective test for bacterial vaginosis 
than other current methods. Briselden, Hillier, and Sheiness 
reported accurate detection (sensitivity) of 95% to 97% of 
women with clinical criteria for bacterial vaginosis using the 
Affirm VP III test. Specificity for this test ranged from 71% to 
98% (71,75). Identification of several different vaginal fluid 
biochemicals associated with bacterial vaginosis such as 
amines (FemExam) and sialidase activity (BV Blue) have 
recently become available commercially. (5,6,24,37,76). 


OBSTETRIC COMPLICATIONS ASSOCIATED WITH 
BACTERIAL VAGINOSIS 

Preterm Birth 

Associations between bacterial vaginosis and increased risk 
for adverse pregnancy outcomes have been investigated 
through case-control, cross-sectional, prospective cohort 
studies and randomized controlled treatment trials (Table 3) 
(4-13,38,50,54,56,60,74-76). Despite differences in study 
design, definitions of preterm birth, and the techniques 
used to identify bacterial vaginosis, research from around 
the world supports the association between bacterial 
vaginosis and increased risk of preterm labor, preterm birth, 
and preterm premature rupture of the membranes (Table 3) 
(5-13,38,56,78). Crucially, bacterial vaginosis and associated 
microorganisms appear to increase the risk of preterm birth at 
the lowest viable gestational ages (8). Two published studies 
report an association between previable second-trimester 
pregnancy loss and bacterial vaginosis, suggesting that 
pathophysiologic processes associated with bacterial vaginosis 
cause a continuum of both previable loss and birth of severely 
premature newborns (11,56). 

Multiple prospective studies indicate that bacterial vaginosis 
may be detected months prior to the onset of preterm labor or 
preterm birth (5,7,9-13). Eschenbach and colleagues (4) and 
Gravett and coworkers (5,6) were the first to implicate 
bacterial vaginosis as a risk factor for preterm labor and low 
birth weight. Bacterial vaginosis was identified using gas— 
liquid chromatography among 19% of 534 pregnant women 
studied (5). The presence of bacterial vaginosis in the mid- 
third trimester (mean 32.6 weeks) was associated with 
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increased risk for preterm labor [odds ratio (OR) 2.0, 95% 
confidence interval (CI) 1.1-3.5] and preterm premature 
rupture of the membranes (OR 2.0, 95% CI 1.1-3.7) (5). 
McDonald and colleagues (9) examined bacterial vaginosis 
(culture for heavy colonization with G. vaginalis) earlier in 
gestation (22-28 weeks) and demonstrated similar risks for 
preterm birth following labor (OR 1.8) and preterm 
premature rupture of the membranes (OR 2.7). 

Studies that examine for bacterial vaginosis at the 
earliest gestational ages and carefully control for interven- 
ing antimicrobial treatment demonstrate the strongest 
association between bacterial vaginosis and preterm birth 
(Table 3) (10,11). The highest relative risks (sevenfold 
increase) between bacterial vaginosis and preterm birth and 
premature rupture of the membranes were noted in a Finnish 
study involving women who were initially examined in the 
first trimester (10). In an insightful analysis, Joesoef and 
colleagues (12) examined the risk of preterm birth for women 


found to have bacterial vaginosis between 16 and 20 weeks of 
gestation and/or between 28 and 32 weeks of gestation (12). 
Women with bacterial vaginosis in the early second trimester 
experienced a twofold increase in premature birth compared 
with women without bacterial vaginosis (12). Women with 
bacterial vaginosis at 28 to 32 weeks of gestation experienced 
somewhat less increased risk for premature birth (OR 1.5, 
95% CI 0.7-3.0). Women who developed bacterial vaginosis 
between the screening intervals (i.e. those negative at 
16-20 weeks of gestation and positive at 28-32 weeks of 
gestation) were not at increased risk for preterm birth 
(10.7% preterm birth among women developing bacterial 
vaginosis vs. 11.8% among women never positive for bacterial 
vaginosis; calculated OR 0.9) (12). As discussed, women with 
findings of bacterial vaginosis at 16 to 20 weeks of gestation 
were at increased risk for preterm birth, even if they no 
longer had findings of bacterial vaginosis at the later follow- 
up visit (20.5% preterm birth among women with bacterial 


Table 3 Review of Prospective Cohort Studies Evaluating Bacterial Vaginosis and Adverse Pregnancy Outcomes 


Gestational age 
when tested 


Outcome and reference (weeks) 
Preterm birth (<37 weeks) 
Minkoff et al. 1984 (60) 13 
McGregor et al. 1990 (7) 24 
McDonald et al. 1992 (9) 22-28 
Kurki et al. 1992 (10) 8-17 
Joesoef et al. 1993 (12) 16-20 
28-32 
McGregor et al. 1994 (38) 16-26 
Hay et al. 1994 (11) 23-26 <16 
<24 
McGregor et al. 1995 (56) 18 
Meis, 1995 24 
28 
Hillier et al. 1995 (13) 23-26 
Preterm premature rupture of membranes 
Gravett et al. 1986 (5) 32 
McDonald et al. 1992 (9) 22-28 
Kurki et al. 1992 (10) 8-17 
McGregor et al. 1994 (38) 16-26 
McGregor et al. 1995 (56) 18 
Hillier et al. 1995 (13) 23-26 
Preterm labor 
Minkoff et al. 1984 (60) 13 
Gravett et al. 1986 (5) 32 
McGregor et al. 1990 (7) 24 
Kurki et al. 1992 (10) 8-17 
McGregor et al. 1994 (38) 16-26 
Low birth weight 
Gravett et al. 1986 (5) 32 
McGregor et al. 1994 (38) 16-26 
Spontaneous abortion 
Hay et al. 1994 (11) <16 
McGregor et al. 1995 (56) <22 
Postpartum endometritis 
Watts et al. 1990 (14) ND 
Amniotic fluid infection 
Silver et al. 1989 (15) 39 
Krohn et al. 1995 (77) 23-26 


Number of 


positive outcomes 


Number of 


negative outcomes 


Relative risk 
(95% CI) 


ND ND 2.3 (0.96-5.5)* 
1/24 (4.2%) 3/110 (2.7%) 1.5 (0.2-14.2) 
31/135 (23%) 97/651 (14.9%) 1.8 (1.01-3.2) 
11/162 (6.8%) 6/571 (1.0%) 6.9 (2.5-18.8) 
17/84 (20.2%) 48/406 (11.8%) 2.0 (1.0-3.9) 
11/67 (16.4%) 50/395 (12.7%) 1.5 (0.7-3.0) 
14/129 (10.9%) 4/122 (3.3%) 3.3 (1.2-9.1) 
7/57 (12.3%) 9/384 (2.3%) 5.2 (2.0-13.5) 
8/83 (9.6%) 18/616 (2.9%) 3.3 (1.5-7.4) 
31/165 (18.8%) 37/380 (9.7%) 1.9 (1.2-3.0) 
ND ND 1.4 (0.9-2.0)? 
ND ND 1.8 (1.2-3.0)° 
77/1218 (6.3%) 291/6978 (4.2%) 1.4 (1.1-1.8)? 
22/102 (21.6%) 44/432 (10.2%) 2.0 (1.1-3.7) 
ND ND 2.7 (1.1-6.5) 
6/162 (3.7%) 3/571 (0.5%) 7.3 (1.8-29.4) 
6/128 (4.7%) 1/121 (0.8%) 5.7 (0.9-36.1) 
10/144 (6.9%) 7/350 (2.0%) 3.5 (1.4-8.9) 
35/1132 (3.1%) 182/6617 (2.8%) 1.1 (0.8-1.6) 
14/66 (21.2%) 21/152 (13.8%) 1.5 (0.8-2.8)? 
24/102 (23.5) 53/432 (12.3%) 2.0 (1.1-3.5) 
6/23 (26.1%) 11/111 (9.9%) 2.6 (1.1-6.5) 
17/162 (10.5%) 25/571 (4.4%) 2.6 (1.3-4.9) 
23/129 (17.8%) 15/122 (12.3%) 1.5 (0.8-2.6) 
24/102 (23.5%) 65/432 (15.0%) 1.7 (1.0-2.9) 
11/128 (8.6%) 10/119 (8.4%) 1.0 (0.4-2.3) 


4/57 (7.0%) 


5/384 (1.3%) 


5.4 (1.5-19.5)* 


16/305 (5.2%) 11/767 (1.4%) 3.1 (1.4-6.9) 
ND ND 5.8 (3.0-10.9) 
22/32 (68.8%) 43/93 (46.2%) 1.5 (1.1-2.0)# 
43/1296 (3.3%) 183/8741 (2.1%) 1.5 (1.2-2.2) 


“Risk ratio and 95% confidence intervals calculated from data provided. »Preterm birth defined as <35 weeks of gestation. Abbreviation: ND, not described. 
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vaginosis at both visits and 20.5% preterm birth among women 
with bacterial vaginosis only at the first visit vs. 11.8% preterm 
birth among women without bacterial vaginosis) (12). These 
findings suggest that physiologic processes present or initiated 
at, or prior to, 16 to 20 weeks of gestation are important for the 
subsequent development of preterm birth. These authors 
concluded that “only bacterial vaginosis in early pregnancy 
plays a major role as a risk factor for preterm delivery” (12). 
Results of a large prospective cohort study from the National 
Institute of Child Health and Human Development-sponsored 
Vaginal Infections and Prematurity Study Group demonstrated 
a 40% increase in risk of delivering a preterm low-birth weight 
infant and a 10% increase in risk of preterm premature rupture 
of the membranes among women with bacterial vaginosis 
detected between 23 and 26 weeks of gestation (13). These 
authors calculated a 9% attributable risk for prematurity in this 
study of over 10,000 subjects (13). Other populations could 
receive more or less benefits, depending on the prevalence of 
bacterial vaginosis. 


Intrapartum and Postpartum Infections 

Bacterial vaginosis has been linked to clinical chorioamnioni- 
tis, amniotic fluid infection, as well as postpartum endome- 
tritis and cesarean section infection. These associations were 
first suggested by observations that the microorganisms 
frequently recovered from women with these complications 
often include the common constituents of bacterial vaginosis, 
i.e., Prevotella bivius, G. vaginalis, M. hominis, U. urealyticum, 
and Peptostreptococcus species (6,14-16). Clinical studies 
have examined bacterial vaginosis, identified by either Gram 
stain or gas-liquid chromatography, and shown that women 
with clinical amniotic fluid infection more commonly have 
findings of bacterial vaginosis compared with women with- 
out clinical infection. (6,15,16) Among the 286 (2.4%) 
women from the Vaginal Infections and Prematurity Study 
who developed amniotic fluid infection, antenatal carriage 
(23-26 weeks of gestation) of bacterial vaginosis (relative risk 
1.5, 95% CI 1.2-2.2) and bacterial vaginosis—associated 
microorganisms were significantly associated with amniotic 
fluid infection (78). This increase in risk for amniotic fluid 
infection associated with bacterial vaginosis was independent 
of duration of labor, duration of rupture of membranes, 
concurrent infection with Neisseria gonorrhoeae, Chlamydia 
trachomatis, Trichomonas vaginalis, group B streptococcus, 
and effective antimicrobial treatment (77). Postpartum 
endometritis occurs following 2% to 5% of vaginal births 
and 10% to 20% of cesarean deliveries (79). These infections 
are polymicrobial in nature for over 80% of affected 
women (80). In a series of 161 women with postpartum 
endometritis described by Watts and colleagues (81), the 
common constituents of bacterial vaginosis (i.e., G. vaginalis, 
P. bivius, Peptostreptococcus species, and Bacteroides species) 
were recovered from endometrial cultures in up to 60% 
of women (81). Wound infections developed among 18% 
(16/79) of women with endometrial bacterial vaginosis- 
associated flora and among 8% (4/53) of women with other 
bacteria recovered from the endometrium (81). Subsequent 
work by Watts demonstrated a 5.8-fold increased risk for 
post-cesarean section endometritis among women with 
bacterial vaginosis (14). 
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BACTERIAL VAGINOSIS TREATMENT IN PREGNANCY 

Oral (systemic) treatment with either metronidazole or 
clindamycin is preferred for the treatment of bacterial 
vaginosis during pregnancy. Only oral treatments provide 
adequate antimicrobial levels in both uterine and vaginal 
tissues and are associated with improved pregnancy outcome 
in published studies. Cure rates are similar to those obtained 
among nonpregnant women (56,77). Initial cure rates within 1 
to 2 weeks following completion of treatment are generally 
25% to 35% higher than those among women examined 4 to 
5 weeks posttreatment (82,83). 

Oral metronidazole, 500 mg two times daily for 7 days, is the 
standard therapy recommended by the Centers for Disease 
Control in the United States for treatment of bacterial 
vaginosis (81). Resolution of bacterial vaginosis occurs among 
85% to 100% of studied women examined approximately 
1 week following completion of oral metronidazole treatment 
(84). The percentage of women without bacterial vaginosis 4 to 
5 weeks following completion of treatment ranges from 60% 
to 95% and averages approximately 80% (82,84). Similarly, 
cure rates of 70% have been seen with the use of 
metronidazole and erythromycin (82). Different regimens of 
oral metronidazole have been examined in trials and 
observational reports; in general, cure rates at 4 weeks post- 
dosing with a single 2-g dose of metronidazole range from 
45% to 69% (84). 

Clindamycin is also an effective treatment for bacterial 
vaginitis, as well as its associated microflora, including some 
genital mycoplasmas. Greaves and coworkers (69) examined 
49 women 7 to 10 days following completion of a 7-day course 
of oral clindamycin, 300mg twice daily, and demonstrated a 
cure rate of 94% for bacterial vaginosis. McGregor and 
associates (56) examined 194 pregnant women and found a 
92% cure rate 2 to 4 weeks post-treatment (56). Oral 
treatment with clindamycin may be used throughout preg- 
nancy, including the first trimester; it provides resolution of 
bacterial vaginosis equivalent to that of oral metronidazole. 

Intravaginal treatments for bacterial vaginosis are similarly 
effective at eradication of bacterial vaginosis but have not been 
shown to improve pregnancy outcomes (38,80,82,84). 
Metronidazole gel 0.75% one 5-g applicator intravaginally 
once a day for 5 days or clindamycin 2% one 5-g applicator 
for 7 days is recommended. Other treatments for bacterial 
vaginosis have been evaluated: ampicillin, augmentin, 
ofloxacin, erythromycin, triple sulfa cream, and vaginal 
acidification (60,84). These treatments are less effective than 
both oral and vaginal preparations of metronidazole or 
clindamycin and are not recommended. Similarly, probiotic 
therapy with microbial products, such as lactobacillus 
powders and capsules, should be avoided; many of the 
nondairy products are contaminated with potentially harm- 
ful bacteria such as Clostridium sporogenes and Enterococcus 
species (85). Therapy with yogurt or acidophilus milk is 
also likely to be of little benefit, since the L. acidophilus strains 
are not easily established in the vagina (86). 

Treatment of sexual partners of women with bacterial 
vaginosis is unnecessary: randomized controlled trials that 
examined co-treatment of male partners failed to demonstrate 
reduced recurrence rates of bacterial vaginosis for women 
(87,88). 
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SCREENING IN PREGANCY 

In 2001, the U.S. Preventive Services Task Force published 
recommendations after review of seven randomized control 
trials. Screening in asymptomatic low-risk pregnancies was 
not recommended, and there was insufficient evidence to 
recommend screening for the high-risk population. In 2008, 
Nygren (52) and associates reviewed literature that was 
published following the 2001 task force findings. Seven 
randomized, controlled trials were included in their analysis 
and the results pooled with the 2001 report data. No 
evidence was found supporting screening in the asympto- 
matic low-to-moderate-risk patients. Screening in high-risk 
patients varied with three of five studies showing a benefit, 
one showing no benefit, and one showing harm with 
treatment (52). 

Considering the current literature, there seems to be no 
benefit to screening the asymptomatic low-risk general 
population. Screening high-risk patients may provide benefit; 
however, there is no current consensus. The following are 
general guidelines that use current clinical evidence: 


1. Test and treat all symptomatic patients. 

2. Asymptomatic low-risk patients do not appear to 
benefit from universal screening. 

3. Asymptomatic women at high risk for adverse 
pregnancy outcomes may benefit from screening 
and treatment. If screening is preformed, it should be 
done prior to 16 weeks of estimated gestational age. 

4. Oral or vaginal preparations have similar organism 
eradication rates; however, vaginal treatments do 
not affect the preterm labor and delivery rates. 
Therefore, all patients at high risk for adverse 
outcomes should be treated with oral clindamycin 
300mg twice a day for 7 days or metronidazole 500 
mg two times a day for 7 days. 

5. Test for cure should be done in 3 to 4 weeks after 
treatment. 


CONCLUSION 

Bacterial vaginosis is the most common cause of vaginal 
discharge in pregnant and nonpregnant women. This condi- 
tion represents massive microbial and biochemical perturba- 
tions of the lower reproductive tract microecology. Diagnostic 
tests (Amsel’s criteria) are easily performed. Treatments 
include oral or vaginal treatment with metronidazole or 
clindamycin. Descriptive and intervention studies carried out 
worldwide demonstrate increased risks of preterm birth and 
other adverse pregnancy outcomes associated with bacterial 
vaginosis; however, conclusive epidemiologic evidence to 
support screening in the general population has not been 
found. One explanation that has been proposed by Simhan 
et al. (89) involves molecular epidemiology looking at the 
individual patient’s inflammatory response to a bacterial 
vaginosis infection based on genotypes. In the hypothesis by 
Simhan et al. (89), patients may be “hyperresponders” at risk 
for an overresponse of local immune factors resulting in 
pregnancy loss or preterm delivery, “normo-responders” with 
enough inflammatory mediators to promote clearing of the 
infection, or “hypo-responders” putting these patients at risk 
for ascending infection, preterm delivery, chorioamnionitis, 


and postsurgical infections (89,90). These new ideas and 
technology may provide future researchers the tools in which 
to discover the contributing factors to the ongoing problem of 
being born “too soon.” 
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8O Viral hepatitis in pregnancy 
Dennis Ng 


This chapter reviews two of the most common hepatitis 
affecting pregnancy, hepatitis B and C. It is catered toward a 
mixed audience of practicing obstetricians, obstetrics and 
gynecology residents, maternal—fetal medicine fellows, and 
health-care providers for pregnant patients. There has been an 
explosion of knowledge in disease pathophysiology and 
treatment options for hepatitis B and C in the last 10 years. 
Guidelines for treatment and management for hepatitis B and 
C are changing every 2 to 3 years. To the uninitiated, this can 
be a daunting subject. 

My intention is to provide you with an easy-to-understand 
review of the subject, emphasizing on the main concepts and 
principles in the management of hepatitis B and C, in the 
context of pregnancy and delivery. As such, no attempt has 
been made nor is it possible to be all-inclusive in the minute 
details of the subject. Instead, I attempt to provide you with an 
insight into the pertinent questions at hand related to 
pregnancy and delivery that may arise in your consultation. 
Particular emphasis will be placed on counseling and public 
health issues, a subject often forgotten by practitioners, but of 
utmost importance. 

Interested readers may refer to the several excellent 
textbooks on hepatology, review articles, and guidelines 
published by American Association for the Study of Liver 
Diseases (AASLD). This chapter will focus only on hepatitis B 
and C. Brief mention of hepatitis E will be made. Other viral 
hepatitis like herpes simplex virus hepatitis will not be covered. 


PRESENTATION OF HEPATITIS B AND C AND 
GENERAL APPROACH 

The pregnant female may acquire hepatitis A, B, and C acutely. 
If symptomatic, they usually complain of flu-like symptoms, 
general aches and pains, fatigue, nausea, and vomiting. 
Physical exam may reveal icterus, jaundice, right upper 
quadrant tenderness, and change in the color of urine. Labs 
may reveal high levels of aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) in the thousand range. 
alkaline phosphatase is usually only slightly elevated. Bilirubin 
may be elevated. These pregnant patients are best admitted to 
the hospital, particularly if symptomatic with nausea, vomit- 
ing, dehydration, where an expedited workup can be 
performed to rule out other causes of liver diseases unique 
to pregnancy like acute fatty liver of pregnancy and hemolysis, 
elevated liver enzymes, and low platelet count (HELLP) 
syndrome. 

More commonly, hepatitis B comes to the attention of the 
clinician from the adoption of the universal hepatitis B 
screening during prenatal visit in the United States. Hepatitis C 
should be tested in high-risk patients. If found to be positive, 
they should be referred to the hepatologist/gastroenterologist 
to determine the status of hepatitis B or C, severity of liver 


disease, and to help with management of liver disease 
postdelivery. It is important to screen for these diseases 
because many times, for a young healthy female patient, the 
obstetrician may be the only doctor they will see. Once 
diagnosed, it allows the clinician the golden opportunity to 
talk about public health issues, mode of transmission of 
hepatitis, ways to prevent progression of liver disease (e.g., quit 
drugs and alcohol), referral to a hepatologist for possible 
treatment options, and cancer screening for the liver (if 
relevant). 


HEPATITIS B IN PREGNANCY 

Epidemiology 

Worldwide more than 350 million individuals are chronic 
hepatitis B carriers [1]. The prevalence of hepatitis B varies 
from region to region. Hepatitis B prevalence can be divided 
into low-prevalence (e.g., North America, Western Europe), 
intermediate-prevalence, and high-prevalence areas (e.g., sub- 
Saharan Africa, Asia excluding Japan, the Pacific basin, parts of 
the Middle East, and the Amazon basin). 

It is important to note that there is a recent increase in 
immigrants from highly prevalent countries over the last few 
decades into the United States. Between 1994 and 2003, the 
United States admitted about 40,000 individuals with chronic 
hepatitis B infection annually [2]. Hence, areas of high 
concentration of these immigrants will have a higher 
prevalence rate. For example, a recent study in 2009 examined 
the seroprevalence of HepBsAg among the Asian Chinese in an 
urban Chinatown internal medicine practice in Chicago [3]. 
The number was 11.1%, suggesting that we should be even more 
vigilant about screening high-risk patients, because treat- 
ment where indicated has been shown to improve prognosis 
and decrease morbidity and mortality from hepatitis B in the 
long run. 

Acute hepatitis B occurs in 1 to 2 out of 1000 pregnancies in 
the United States. Chronic carrier state occurs in 6 to 10 of 
1000 pregnancies. 


Importance of Hepatitis B on a Global Scheme 

It is generally accepted that at least 50% of the hepatitis B 
carriers acquire infection either perinatally or during early 
childhood. Studies suggest that most of the infections occur 
around the time of delivery. This gives us the unique 
opportunity of intervening by providing active and passive 
hepatitis B vaccination. The goal is to prevent infection in the 
newborn, hence decreasing the burden of hepatitis B infection 
worldwide. 

When you acquire hepatitis B as an adult, you have a 90% to 
95% chance of clearing this virus (resolved hepatitis B 
infection). But when you acquire this as an infant, you have 
only a 5% to 10% chance of clearing this virus, that is, most of 
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the infants will be chronic carriers of hepatitis B, with its 
disease-related morbidity and mortality. Therefore, it makes 
sense for us to intervene to decrease the rate of perinatal and 
childhood infection. Taiwan has implemented a mandatory 
hepatitis B vaccination program 20 years ago, with a significant 
impact on perinatal, childhood, and adolescent infection. 
Chronic liver disease and hepatocellular carcinoma attributed 
to hepatitis B have decreased since implementation [4]. 

In the United States, we have a mandatory screening for all 
pregnant females, and if positive for hepatitis B surface 
antigen, the infants are to get active and passive immunization. 

Even in the best of hands, when vaccinations have been 
carried out appropriately, there is still about 10% of infants 
who will get hepatitis B infection, suggesting that perhaps they 
acquired this virus in utero [5,6]. 


Effect of Acute Hepatitis B Infection During Pregnancy 
Acute hepatitis B can occur during pregnancy; they present the 
same way as in the general population. Acute hepatitis B must 
be differentiated from hepatitis A and C, and other causes of 
hepatitis unique to pregnancy (HELLP syndrome, acute fatty 
liver of pregnancy, etc.). It appears that acute hepatitis B does 
not increase mortality and has no teratogenic side effects. 
However, a higher incidence of low birth weight and 
prematurity has been reported [7]. 


Effect of Pregnancy on Chronic Hepatitis B 

In general, patients do well during pregnancy. Patients have 
been known to have a flare of hepatitis B during or after 
delivery (one theory is that the high levels of adrenocorticos- 
teroids in the body have now decreased significantly post- 
partum, just like abruptly removing steroids from the patient). 
Therefore, it is important to monitor patients for symptoms of 
hepatitis and also to test for liver function tests, during and 
also after delivery. 


Diagnosing Hepatitis B in the Mother 

Over the years, we have developed better tests for hepatitis B, 
including the ability to measure HBV DNA PCR quantitatively 
down to the most minute level, for example, 5 IU/mL. 

The most common mistake that I see clinicians make is to 
order an acute hepatitis panel. Usually this consists of 
HepBsAg, HepBclgM, HepCAb, and HepAIgM. These are 
acute hepatitis markers, meaning good for diagnosing acute 
hepatitis infections, but tell you nothing about the chronic 
state of hepatitis B, which is what we are interested in, to 
determine treatment and management for the pregnant 
patient. 


Below Are Some Typical Hepatitis B Serology You Might 
Encounter in Clinical Practice 
Case 1 
A 20-year-old Vietnamese pregnant college student, sent to 
you because tested positive for hepatitis B. Further workup 
reveals liver function tests (LFTs) normal, HepBsAg positive, 
HepBsAb negative, HepBcTotal positive, HepBclgM negative, 
HepBeAg positive, HepBeAb negative, and HBV DNA 
>2,000,000,000. The ultrasound (US) of liver unremarkable. 
Impression: She is in the immunotolerant phase of 
hepatitis B. 
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Case 2 
A 30-year-old Malaysian female, pregnant, family history 
positive for hepatitis B in mother and father. Further workup 
reveals LFTs elevated, AST 60, ALT 70, HepBsAg positive, 
HepBsAb negative, HepBcTotal positive, HepBclgM negative, 
HepBeAg positive, HepBeAb negative, HBV DNA 200,000. 
The US of liver with echogenic liver. 

Impression: She is in immunoclearance phase of hepatitis B. 


Case 3 

A 38-year-old Chinese female, pregnant, family history 
positive of liver cancer in her dad. Further workup reveals 
LFTs normal, HepBsAg negative, HepBsAb positive, HepBc- 
Total positive, HepBcIgM negative, HepBeAg negative, 
HepBeAb positive, and HBV DNA undetectable. The US of 
liver unremarkable. 

Impression: She has resolved hepatitis B infection. 


Case 4 
A 22-year-old white American female with the following labs: 
LFTs normal, HepBsAb positive, and every other marker for 
hepatitis B negative. 

Impression: She has been vaccinated in the past and has 
shown immunity as evidenced by antibody formation. 


Vaccinations for Hepatitis B for the Mother and Baby 

The Centers for Disease Control and Prevention (CDC) 
recommends that all mothers be tested for hepatitis B during 
the initial prenatal visit [8]. This applies even if the patient has 
been vaccinated in the past or tested in the previous 
pregnancy. 

If negative, the pregnant mother who is at risk for hepatitis 
B infection (unsafe sex, multiple sexual partners, health-care 
workers, active intravenous drug user, etc.) should be 
vaccinated. The limited data we have indicate that there is 
no apparent risk for adverse events to developing fetuses. 
Current vaccines contain noninfectious HBsAg and should 
cause no risk to the fetus. 

If HepBsAg is found to be negative, and the high-risk patient 
refuses vaccination, or is unable or unwilling to get vaccinated, 
then HepBsAg should be rechecked closer to the time of 
delivery because this will change management if found to be 
positive. 

If HepBsAg positive, the patient is a carrier for hepatitis B. 
She should be referred to a gastroenterologist/hepatologist for 
further characterization of her liver disease and the need for 
treatment. Counseling should be provided regarding the risk 
of transmission to the newborn and sexual partners, and 
prevention of HBV transmission to newborns and sexual 
partners. They should be evaluated for other concomitant liver 
diseases including hepatitis A and hepatitis C. All sexual 
contacts and family members should be tested for hepatitis B. 
If the patient is not immune to hepatitis A and is at high risk of 
acquiring it, then vaccines for hepatitis A should be given, 
because of the risk of severe hepatitis with hepatitis A on top of 
hepatitis B infection [9]. 

A patient who is not a hepatitis B treatment candidate 
during pregnancy may be a candidate for treatment at a later 
point in time. Therefore, it should be emphasized to the 
patient that she should continue to follow up with the 
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gastroenterologist/hepatologist after delivery. Hepatitis B is a 
chronic disease that requires regular monitoring and liver 
cancer screening in at risk patients. The clinicians caring for 
these pregnant patients have the golden opportunity of 
providing education regarding hepatitis B and also to ensure 
that patients continue to follow up with specialists. 

The pregnant patient with hepatitis B should be enrolled 
into a special program that ensures that active and passive 
vaccinations not only happen, but also happen in a timely 
manner. This includes making sure that there is ready access to 
the vaccines when needed, including at 3:00 in the morning or 
the weekend. We have heard of horror stories in smaller 
hospitals where the vaccines is available but locked up in the 
central pharmacy in the weekend. This program should also 
ensure that the hepatitis B vaccines are completed in a timely 
fashion postdelivery. 


Treatments Available for Hepatitis B in 2010 

The last 10 years have seen tremendous progress in the 
treatment of hepatitis B. We now have five FDA-approved 
nucleoside and nucleotide analogs and two interferon-based 
regimen: 

Interferonalpha-2b recombinant (1992), lamivudine 
(1998), adefovir dipivoxil (2002), entecavir (2005), peginter- 
feron alpha-2a (2005), telbivudine (2006), and tenofovir 
(2008). 

It is beyond the scope of this chapter to discuss selection of 
hepatitis B drugs and the rationale behind this. For the 
interested readers, please refer to AASLD 2009 updated 
guidelines. 

Tenofovir and telbivudine are pregnancy category class B, 
while the rests are class C. 


Prevention of Hepatitis B Transmission to Newborns 
Active and Passive Vaccination 

CDC recommendation for hepatitis B in infants is stated 
below [8]: 


At Birth 

e Administer monovalent hep B to all newborns 
before hospital discharge. 

e If mother is HBsAg positive, administer HepB and 
0.5mL of hepatitis B immunoglobulin (HBIG) 
within 12 hours of birth. 

e If mother is HBsAg unknown, administer HepB 
within 12 hours of birth. Determine mother’s 
HBsAg status as soon as possible and, if HBsAg 
positive, administer HBIG no later than age 1 week. 


After the Birth Dose 

e The HepB series should be completed with either 
monovalent HepB or a combination vaccine con- 
taining HepB. The second dose should be adminis- 
tered at age 1 or 2 months. Monovalent HepB 
vaccine should be used for doses administered 
before age 6 weeks. The final dose should be 
administered no earlier than age 24 weeks. 

e Infants born to HBsAg-positive mothers should 
be tested for HBsAg and antibody to HBsAg 1 to 
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2 months after completion of at least three doses of 
the HepB series, at age 9 through 18 months. 

e Administration of four doses of HepB to infants is 
permissible when a combination vaccine containing 
HepB is administered after the birth dose. The 
fourth dose should be administered no earlier than 
age 24 weeks. 


Breast-Feeding in Hepatitis B Patients 

Even though HepBsAg can be detected in breast milk in a large 
proportion of infected women, several studies fail to 
demonstrate increased risk of infection due to breast-feeding 
as opposed to infants who are formula-fed in hepatitis B- 
infected mother. 

Breast-feeding is not considered a contraindication to 
breast-feeding by the CDC or American Academy of Pediatrics 
in infants who receive HBIG and active vaccination as 
indicated. 

The nipples should be cared for properly, and mothers 
should not breast-feed if there are signs of cracked or bleeding 
nipple. 


Mode of Delivery 

Despite the attractive idea of decreasing the risk of perinatal 
transmission, studies have so far shown that the mode of 
delivery does not appear to have a significant effect on 
decreasing the risk of hepatitis B transmission [10]. The CDC 
or American College of Obstetricians and Gynecologists does 
not currently recommend caesarian section as the preferred 
mode of delivery purely for the purpose of reducing perinatal 
transmission. 


Role of Antiviral 

There is emerging evidence that patients who are put on 
antiviral therapy during the last trimester, to reduce hepatitis B 
viral load, could potentially reduce the risk of perinatal 
transmission. There are many factors to be taken into 
consideration, including compliance with therapy, severity of 
liver disease, history of prior treatment, resistance issues, the 
risk of flare of hepatitis B should the antiviral be stopped 
postpartum, mothers’ preference, and so on. The major 
concern is that three of the medications we have for hepatitis B 
are in pregnancy category C and two in category B. There is no 
category A medication for hepatitis at this point in time. These 
decisions are best made by the hepatologist and patient 
together. 


Summary for Hepatitis B 

Hepatitis B when diagnosed in mother prior to delivery affords 
us the opportunity to make a difference in reducing the risk of 
mother-to-infant transmission. Besides vaccination of the 
newborn, other important aspects of care of the young 
pregnant patients include counseling regarding their liver 
disease and mode of transmission and ways to reduce the risk 
of progression of liver disease. Patients who are not candidates 
for treatment now may become candidates in the future. 
Hepatitis B is not a disease to be diagnosed at a single point in 
time and be forgotten about. It requires lifelong follow-up 
with a clinician who is familiar with this disease. 
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HEPATITIS C 

Background 

Hepatitis C is a major public health problem in the United 
States. It is estimated that 170 million people are infected 
worldwide [11]. This is the number one cause for liver 
transplantation in the United States today. The top three 
diagnoses in my liver clinic are hepatitis C, nonalcoholic 
steatohepatitis, and alcoholic liver disease. The sad part is that 
the majority of the patients who are diagnosed with hepatitis C 
are unaware of their liver disease, because hepatitis C mostly 
do not present with any specific symptoms. In fact, most 
patients will tell you that they do not feel any different from 
their normal healthy self. Therefore, it is even more important 
to screen high-risk patients for active disease. 


Why Do We Worry About Testing for Hepatitis C in High- 
Risk Patients? 

We worry because about 80% to 90% of patients who acquire 
acute hepatitis C infection fail to clear the virus. After 
6 months from the time of exposure, if they still have virus 
in their system, they are considered to have chronic hepatitis C 
with active disease. Over time, this may lead to increase in 
fibrosis of the liver, progression of liver disease to cirrhosis, 
and finally, decompensated cirrhosis (ascites, edema, hepatic 
encephalopathy, etc.), and death. This is in contradistinction 
to hepatitis B, where if they get infected as an adult, about 90% 
to 95% of patients successfully clear the virus (resolved 
hepatitis B infection). 

Practicing obstetricians and health-care providers during 
and after pregnancy have a unique opportunity to screen high- 
risk patients for hepatitis C. Many times, this may be the only 
time when young ladies touch base with the health-care 
system. They may not have a primary care provider. This is 
even more true in patients who are poor, have no insurance, 
and where drug and alcohol usage is a daily occurrence. 


Who Are High-Risk Patients? 

The AASLD 2009 guidelines suggest that the following people 
are high risk for having hepatitis C infection and should be 
screened for hepatitis C [12]: 


1. persons who have injected illicit drugs in the recent 
and remote past, including those who injected only 
once and do not consider themselves to be drug 
users, 

2. persons with conditions associated with a high 
prevalence of HCV infection including 


o persons with HIV infection, persons with hemo- 
philia who received clotting factor concentrates 
prior to 1987, persons who have ever been on 
hemodialysis, and persons with unexplained 
abnormal LFTs, 

3. prior recipients of transfusions or organ transplants 
prior to July 1992 including 


o persons who were notified that they had received 
blood from a donor who later tested positive for 
HCV infection, persons who received a transfu- 
sion of blood or blood products, and persons who 
received an organ transplant, 

4. children born to HCV-infected mothers, 
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5. health-care, emergency medical, and public safety 
workers after a needlestick injury or mucosal 
exposure to HCV-positive blood, and 

6. current sexual partners of HCV-infected persons 


How Do We Make the Diagnosis? 
Over the last 10 years, we have made a remarkable improve- 
ment in the diagnostic sensitivity of essays to detect hepatitis C 
RNA virus. We can now detect virus level as low as 5TU/mL. 
For high-risk patients, screening for chronic hepatitis C 
should begin with anti-HCV ELISA test (using the latest 
generation). A positive result suggests exposure to the virus in 
the past. The next test that should be done is HCV RNA PCR 
and a genotype. If PCR is positive, this implies that the patient 
has active chronic hepatitis C and should be referred to the 
appropriate specialist for consideration of treatment and 
education. 


What Treatments Are Available Now? 

Hepatitis C treatment has come a long way since it was 
discovered. The perception in the past was that you cannot cure 
hepatitis C. Now we have effective treatments, but unfortu- 
nately, cure rate is not 100%. On average, the quoted sustained 
virologic response (SVR; we think of this as cure) rate is about 
50%, but this is an oversimplistic view. Many factors affect the 
SVR, including gender, race, obesity, concurrent liver disease, 
severity of liver disease, coinfection with HIV, on-treatment 
viral kinetics, genotype, compliance with therapy, and so on. 
The latest STAT-C drugs that are projected to come out in 2011 
look promising in increasing the SVR. 


What Does the Treatment Entail? 

It involves a subcutaneous shot (peginterferon) every week 
and ribavirin pills twice a day. Treatment duration depends on 
prior treatment response, genotype of virus, viral kinetics 
during response, and so on and can range anywhere from 
6 months to 12 months to 18 months. This will be determined 
by the specialist based on prior treatment response, on- 
treatment response, and other factors. Treatment may also be 
terminated early because of development of intolerable side 
effects, or development of life-threatening side effects, or if the 
patient is deemed a nonresponder to interferon therapy. 


Who Are Good Candidates for Treatment? 
The AASLD guidelines suggest that every patient who has 
chronic hepatitis C should be considered treatment candi- 
dates, unless there is contraindication. This includes patients 
in prisons and those who are on methadone therapy. We know 
that treatment can lead to SVR (i.e., the HCV RNA remains 
undetectable at 6 months after stopping therapy, i.e., cured). 
This will prevent the progression of liver disease to cirrhosis, 
translating into a decrease in morbidity and mortality. 
Unfortunately, this therapy is neither suitable nor possible 
for everyone because of the severe and sometimes life- 
threatening side effects of interferon and ribavirin therapy. 
In addition, patients with certain preexisting medical condi- 
tions are not suitable candidates for treatment. Cost can be an 
issue. Also treatment requires the ability and willingness to 
take the medications faithfully, because SVR will be affected by 
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lack of compliance. They need to be able to show up regularly 
for appointments for monitoring. 


Treatment with Regard to Pregnant Patients? 

Hepatitis C treatment is contraindicated during pregnancy. 
Pegylated interferon is a pregnancy category C drug, and 
ribavirin is a pregnancy category X drug. It is important that 
the patient be referred to see a specialist so that they can be 
followed up postpartum for possible treatment in the future. 

In addition, she should be educated on the mode of 
transmission for hepatitis C and abstinence from alcohol, 
tested for other sexually transmitted diseases, and advised to 
get her partners tested [12]. 

During hepatitis C treatment, patients are not allowed to get 
pregnant. It is recommended that they use two forms of 
contraception. I do not treat any patients who are unable or 
unwilling to comply with this. The package insert for pegylated 
interferon recommends that patients do not get pregnant until 
6 months post therapy. Practically speaking, if patients are very 
worried about their hepatitis C, and would like to get treated 
first before getting pregnant, this will usually mean a delay of 1 
to 2 years depending on how they respond to therapy. 

Another frequently asked question is whether they should 
get treated first before pregnancy? This will depend on the age 
of the patient, the severity of liver disease, patient’s preference, 
and urgency of getting pregnant and is best discussed with the 
specialist. 

It is important to note that treatment with interferon can 
cause or exacerbate preexisting depression. In addition, 
treatment is contraindicated when she develops postpartum 
depression. 

Please bear in mind that patients who are not treatment 
candidates now may become suitable candidates later in time 
and, therefore, the importance of referring to specialists for 
follow-up. 


Transmission of Hepatitis C to Infants 

Hepatitis C is primarily transmitted by parenteral exposure to 
blood and blood products from HCV-infected persons. This 
used to be the most common cause of hepatitis C infection in 
infants and children, until we developed ways to screen for 
hepatitis C in blood. Now, vertical transmission is mainly 
responsible for infection in newborn infants. It is important to 
identify these infants because the majority of these patients will 
remain chronically infected with hepatitis C, hence the 
potential to develop chronic liver disease. 

The rate of vertical transmission of hepatitis C is estimated 
to be 5%. This number is reported to be higher in the 10% to 
15 % range in HIV-—hepatitis C coinfected patients [13]. 

Numerous studies have suggested that the vertical risk of 
transmission for hepatitis C is increased in the following 
setting: 


1. HIV-hepatitis C coinfection. 

2. HCV viremia—mothers with positive virus load 
have increased risk of transmission, compared with 
mothers with undetectable viral load (suggesting 
resolved infection). The overwhelming majority of 
infants with HCV infection have mothers with 
positive hepatitis C virus in the blood. 
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3. Prolonged rupture of membrane for more than 6 
hours has been associated with increased risk of 
perinatal transmission. 

4, Obstetric procedures and intrapartum exposure to 
maternal blood infected by HCV—Steininger et al. 
have shown that invasive monitoring of fetus with 
scalp electrode increases the risk of transmission [14]. 


What Can We Do to Decrease the Risk of Transmission to 
the Infant? 

Unlike hepatitis B, no effective intervention has been identified 
so far to decrease the risk of transmission of HCV to infants. 
There have been many studies looking to see if C-section will 
decrease the risk compared with vaginal delivery. Most of the 
studies suggest that the risk of perinatal transmission is not 
altered. The Cochrane Collaboration (Issue 2 2009) has 
published a review on this topic [15]. The authors suggest that 
there is no good evidence to support using C-section for 
reducing mother-to-baby transmission of hepatitis C during 
labor and birth. 

To the mother-to-be who is absolutely horrified by the idea 
of hepatitis C transmission to their newborn, a case could be 
made to treat their hepatitis C first prior to getting pregnant, 
because we know that the risk of hepatitis C transmission is 
much less in a patient who has no detectable virus in the blood 
versus active hepatitis C infection with high viral load. They 
must be made to understand that this will delay pregnancy 
anywhere from 1 to 2 years (see above discussion). 


Testing for Hepatitis C in Infants 
The antibodies from the mother have been found to be in the 
infants even though the infants are not infected; therefore, 
finding positive HCV antibodies in the newly born infant 
means very little. Antibodies have been tested positive in 
infants as late as 15 months old [16]. 

The NIH consensus statement in 2002 suggested the 
following for diagnosis of perinatal infections [17]: 


1. infants born to HCV-positive mothers should be 
tested for HCV infection by HCV RNA tests on 
two occasions between the ages of 2 and 6 months 
and/or 

2. have tests for anti-HCV after 15 months of age. 


Breast-Feeding in Hepatitis C Patients 
Hepatitis C has been found in low levels in breast milk of HCV 
RNA-positive mothers. Multiple studies have not shown an 
increased risk of vertical transmission via breast-feeding. 
Large cohorts of mothers infected with HCV suggest that in 
the absence of damaged, cracked, or bleeding nipples, breast- 
feeding can be performed safely without increasing the risk of 
transmission to the infant. 
CDC currently (October 2009) suggests that it is safe for 
mother infected with HCV to breast-feed unless she has a 
cracked or bleeding nipple. 


Summary 
Hepatitis C is a common disease in high-risk patients. They 
should be screened for hepatitis C, even though there is no 
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known intervention to decrease the risk of hepatitis C from 
mother to infant. Pregnant patients are not candidates for 
treatment with interferon and ribavirin. They should be 
referred to specialist to determine whether they may be 
candidates for hepatitis C treatment in the future. Education 
should be provided regarding public health-related issues, 
including mode of transmission of hepatitis C, avoidance of 
alcohol, vaccinations for hepatitis A and B if appropriate, and 
testing of sexual partners. It is fine to breast-feed the infant 
unless the nipples are cracked or bleeding. 


HEPATITIS E 

Clinically apparent acute hepatitis E is uncommon in the 
United States. A brief mention will be made here, because of its 
severity when acquired during pregnancy. 

Hepatitis E causes acute hepatitis, just like hepatitis A. It is 
predominantly transmitted via the fecal—oral route, but less 
frequent mode of transmission has also been reported 
(ingestion of raw or undercooked shellfish, infrequently by 
blood products or blood transfusion). 

Hepatitis E usually causes a self-limited acute hepatitis in 
men and nonpregnant females. However, HEV in pregnant 
females can result in fulminant hepatic failure, especially in 
the last trimester, resulting in death in as high as 25% of 
patients [18]. This is especially prominent in particular 
geographic areas in India. 

This infection should be in the differential diagnosis of any 
female patient with a travel history to endemic areas, who 
presents with acute hepatitis. Vaccines for hepatitis E are not 
yet commercially available. Treatment remains supportive. It 
is best to educate pregnant patients who will travel to 
endemic areas (i.e., Asia, Africa, Middle East, and Central 
America) to avoid uncooked shellfish, avoid water that is 
not boiled, and avoid uncooked fruits and vegetables. 


ADDENDUM 

Since the writing of this chapter, 2 new drugs (telaprevir and 
boceprevir) have been approved by the FDA for the treatment 
of hepatitis C genotype 1. They significantly improve the cure 
rate for hepatitis C treatment. However, these protease 
inhibitors must be used together with peg-interferon and 
ribavirin, which means that they cannot be used for pregnant 
patients. All the discussion for the treatment of hepatitis C 
in pregnant patients still applies. Those interested to read 
more may refer to the AASLD 2011 Hepatitis C Treatment 
Guidelines. 
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INTRODUCTION 

Although toxoplasma encephalitis (1) has gained worldwide 
recognition as a major cause of death and morbidity in 
immunodeficient individuals, especially those with acquired 
immunodeficiency syndrome (AIDS), the fetus and child 
remain the major victims of toxoplasmic infection. Approxi- 
mately 4000 pregnant women per year in the United States are 
infected with Toxoplasma gondii and 10% to 60% of their 
fetuses will be infected. Although the majority (>90%) appear 
asymptomatic at birth, long-term studies suggest that a 
significant proportion (20-40%) will demonstrate defects 
consistent with chronic toxoplasmosis. These defects include 
chorioretinitis (most common), hydrocephalus, deafness, and 
mental retardation. Unfortunately, problems in primary 
prevention, diagnosis, treatment, and follow-up limit the 
effectiveness of intervention programs. 


Biology 

T. gondii is an ubiquitous coccidian whose effects are felt in 
many animals in addition to humans (Table 1) (2). 
Toxoplasmosis is a member of the phylum Apicomplexa, 
similar to malaria and cryptosporia. Much of its life cycle is 
spent as an obligate intracellular parasite. There appear to be 
three distinct clonal genotypes with different human virulence; 
type II accounts for the majority of maternal to fetal infections 
(85-95%); 5% to 15% are caused by clonal type I. 

The organism has three distinct forms: sporozoites within 
an oocyst, and tachyzoites (also called endozoites or 
trophozoites) and brachyzoites (or cystozoites) within a tissue 
cyst. The life cycle of T. gondii is outlined in Figure 1. Members 
of the cat family, Felidae, are the only known definitive hosts. 
The sexual reproductive cycle occurs in the villi of the cat 
ileum. The time from primary inoculation to oocyst 
appearance in the feces varies by the mode of primary 
infection: ingestion of tissue cysts (chronic infection in prey 
animals), 3 to 5 days; ingestion of fecal oocysts, 20 to 24 days; 
or ingestion of tachyzoites, 7 to 10 days. Oocysts are shed for 1 
to 3 weeks with peak production between 5 and 8 days (4,5). 
Millions of oocysts are shed in a single day. Most cats are 
infected primarily between 6 and 12 weeks of age (6), 
corresponding to weaning and the development of hunting 
skills. Once a cat has been infected, its immune system severely 
curtails or eliminates future oocyst production. The previously 
infected cat may be a safer pet than curtailing the behavior of a 
seronegative cat. 

After excretion with feces, the zygote within the oocysts (13 x 
llum) undergoes sporulation. The zygote divides into two 
sporoblasts that form two sporocysts within the larger oocyst. 
Each sporoblast undergoes two divisions to produce 
four sporozoites (8 x 3 um). Ultimately each oocyst contains 
eight infectious sporozoites. Sporulation takes 1 to 21 days 


(average, 3—4 days), depending upon temperature, moisture, and 
oxygenation. The oocysts can remain infectious for months (4,5). 

After elimination and within the 2 to 4 days prior to 
sporulation, the fecal oocysts are not infectious (4,5,7). As a 
result, human infection from direct contact with a shedding 
cat is unusual. The major role of cats in human toxoplasmosis 
is to pollute transiently the environment with massive 
numbers of oocysts that may remain infectious for months 
or years. A small coastal community in California contained 
7284 owned cats and 2046 feral cats. Forty-four percent of the 
owned cats defecated outside >75% of the time. The annual 
fecal deposition of owned cats amounted to 76.4 tons (wet 
weight); the feral cats contributed about 29.5 tons of feces 
annually to the environment (8). In one estuarine in Northern 
California, degradation of the wetlands and runoff from 
nearby communities may have played a major role in the die- 
off of sea otters from a toxoplasmosis epidemic (9). Global 
warming and environmental degradation may increase the 
incidence of human infections with toxoplasmosis in northern 
Europe (10, 11). In northern Poland, about 18% of sand pits 
or sand heaps in three cities contained toxoplasma DNA, 
which was identified by PCR (12). 

The potential public health implications are concerning. 
The likelihood of human toxoplasmosis is related to environ- 
mental conditions that enhance or reduce oocyst survival, the 
prevalence of feline toxoplasmosis within that region, and 
culinary habits of the at-risk population. There have been 
several studies looking at sources of toxoplasma infection in 
pregnant women (13-15). All three studies demonstrated the 
same risk factors for toxoplasmosis infection: consumption of 
under-cooked meat or game, contact with soil (poor hand 
hygiene), consumption of poorly cleansed raw vegetables 
(poor kitchen hygiene), poor cleansing of meat preparation 
utensils or surfaces (poor kitchen hygiene), and changing the 
litter box of the pet cat. The odds ratio exceeded 3.0 with all 
risk factors. Consumption of undercooked meats (50%), soil 
exposure (18%), and work with animals (5%) accounted for 
the major of maternal to fetal transmission of toxoplasma. 

Higher rates of seropositivity to toxoplasmosis among 
pregnant women are associated with warm, moist climates: 
central Africa, 81%; Lisbon Portugal, 64%; Riyadh and Saudi 
Arabia, 30%; western Scotland, 13%; and Norway, 10% (16). 
In the United States, the age-adjusted seroprevalence rate was 
northeast, 29%; south, 23%; Midwest, 21%; and West, 18% (3). 
These observations are supported by experimental data 
concerning oocyst survival related to humidity and temperature. 
Oocysts remain infectious for at least 17 months in water, at 
least 32 days in 100% relative humidity (at 22—26°C), and 
11 days at 37% relative humidity and lose their ability to infect 
at less than 19% relative humidity and when the moisture 
content of feces drops to 0% to 1% (17,18). Ambient 
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temperatures affect both sporulation (infectivity) and survival of 
the oocysts. Unless combined with low relative humidity 
(<20%), extremes in environmental temperature will not 
completely eliminate T. gondii from contaminated soil. 
Survival and infectivity of sporulated oocysts after applica- 
tion of various cleaning agents have been examined experi- 
mentally by Frenkel and Dubey (5). High concentrations of 
ammonia (33%) and iodine (7%) killed all oocysts within 
30 minutes, whereas ammonia (1.7%) and iodine (20%) were 


Table 1 Seroprevalences of Toxoplasma gondii Among 
Various Animals in Developed Countries (2) 


Animal Seroprevalence 
Cattle 15-50% 
Fattening pigs (intensive farming) 1-31% 
Pigs 1-21% 
Chickens 6-9% 
Sheep 16-40% 
Goats 19-47% 
Horses 1-17% 
Dogs 25—40% 
Rabbits 6-20% 
Pet cats 22—68% 
Feral or stray cats 33—68% 
Wild turkeys (United States) 17% 
Wild horses 16-37% 
Deer 30-70% 
Moose 15% 
Bears (United States) 30-80% 
Human (United States) (3) 18-29% 


Cat family 


Enteroepithelial 
cycle 


Feces 


Oocysts 
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no more effective than drying alone. Household ammonia 
(46%) requires more than 60 minutes of exposure to sterilize 
cat feces. Smaller particles of fecal matter (empty, uncleaned 
litter pan) exposed to water heated to boiling and poured into 
the pan (75-80°C) are sterilized rapidly. 

Despite strong experimental evidence, a direct relation- 
ship between oocyst shedding and human toxoplasmosis is 
not clear from epidemiologic studies. Although 14% to 50% 
of cats in the United States are seropositive, oocysts are 
found in the feces of less than 1% of cats examined, perhaps 
due to the limited age range and short duration (1-3 weeks) 
of oocyst shedding (19,20). Likewise, the presence of oocysts 
in the soil correlates poorly with seropositivity in humans 
(19,20). Additionally, serologic studies of veterinarians and 
cat owners do not support a strong relationship between a 
long, intensive exposure to cats and a greater risk of acute 
toxoplasmosis (21-23). Indeed, persons who report no 
contact with cats have seropositivity rates of 5% to 40% 
(21-23). 

The latter discrepant information raises questions concern- 
ing the role of direct contact with cats and acute toxoplasmosis 
and our present methods of ascertaining the association. The 
correlation between seropositivity and house cats may be too 
crude to reveal a relationship. Studies limited to exposure to 
sick, young, or feral cats may identify a relationship. 

On the other hand, oocysts may be so widely distributed 
in the environment and direct contact with a cat that is 
shedding oocysts is so rare that the risk of acute toxoplasmosis 
through oocysts is a function of age and nonspecific contact, 
such as outdoor gardening, culinary habits, food preparation, 
presence of insect vectors, and personal hygiene. 


Direct inoculation 


Food animal Food contamination with 
infected oocysts via hand-mouth or Blood transfusion: Organ transplant: 
with tachyzoite vector transmission tachyzoites in WBC tachyzoites or 
| (flies, cockroaches, etc.) tissue cysts 
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Figure 1 Life cycle of Toxoplasma gondii. 


TOXOPLASMOSIS 


The tachyzoite form of the parasite is seen in the acute stage 
of the infection. Tachyzoites result from ingestion of oocysts, 
that is, food contamination or tissue cysts (brachyzoites/ 
cystozoites), that is, infected food source. The liberated 
parasites can survive for 1 to 3 hours in pepsin—hydrochloric 
acid (stomach fluid) and 4 to 6 hours in trypsin (intestinal 
fluid)—enough time for transmural migration into the host. 
The tachyzoites are spread hematogenously and can be 
identified by Wright’s or Giemsa’s stains. Every cell type is 
susceptible to penetration. 

The tachyzoite requires an intracellular habitat to survive. 
The intracellular, intravascular tachyzoite undergoes multi- 
plication, endodyogeny, every 4 to 6 hours to form rosettes. 
These intracellular collections (tissue cysts) vary in size, but 
may contain as many as 3000 organisms and are 200 um in 
size. Rupture of the host cell results in continuing infection 
and tissue destruction. As the host develops an immune 
response to the parasite, parasitemia and systemic infection 
with tachyzoites decrease. In their “protected” intracellular 
cysts, the tachyzoites evolve into brachyzoites (cystozoites). 

The latent or chronic stage is manifested by tissue cysts in 
most organs. The brain, skeletal muscle, cardiac muscle, and 
placenta are the most common sites for tissue cysts, which may 
be identified by periodic acid-Schiff stain. Recurrent para- 
sitemia is rare in immunocompetent individuals. However, 
under immunodepressed states, especially AIDS, the cysts may 
reactivate and cause parasitemia and tissue destruction. 

The ingestion of tissue cysts in undercooked or uncooked 
meat is an important source of infection in the United States. 
Serologic evidence of past infection and potential for tissue 
cyst inoculation (2,24,25) is present in 15% of cattle, 15% of 
sheep, 30% of pigs, and 43% of goats. The reported frequency 
of tissue cysts in common cuts of meat is less frequent: fresh 
beef, less than 1%; lamb, 5%; mutton, 10%; and pork, 30% 
(2,24,25). However, these studies are based on older studies 
and may underestimate the risk. The selected samples used 
were too few and too small to estimate the prevalence 
accurately. It is also probable that modern farming techniques, 
intensive pen raising, and processed commercial feed reduce 
the risk. However, the recent movement back to local sources 
of meat, “reducing your carbon footprint,” may lead to more 
beef, pork, lamb, or chicken that has been exposed to the 
barnyard cat and its feces. 

There is clear evidence to support the relationship between 
infected meat ingestion and acute toxoplasmosis. Butchers and 
meat handlers have a higher seropositivity rate than does the 
general population, through oral ingestion or inoculation of 
open wounds. In 1965, Desmonts (26) reported a definitive 
study supporting the meat-to-human hypothesis. Seroconver- 
sion rates rose in response to adding undercooked mutton (as 
a part of therapy) to the diets of children in a French 
sanitarium. More recently, acute toxoplasmosis was associated 
with ingestion of undercooked hamburger (27). 

Experimental data suggest that attention to food prepara- 
tion will reduce transmission of tissue cysts. Cleansing food 
preparation surfaces and utensils with warm soapy water after 
meat preparation will limit contamination of other foodstuffs. 
Salting (2% NaCl/liter for 24 hours), drying (24 hours at 
18-20°C), freezing (—15°C for 12-24 hours), or heating 
(to 60°C for 15—20 minutes) sterilizes the meat (28). 
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Clinical Presentations 

Acute Infection 

Toxoplasmosis is asymptomatic or very mild (lymphadenopathy 
and/or fatigue) in 80% of immunocompetent individuals. 
Cervical, suboccipital, supraclavicular, axillary, or inquired 
lymph nodes are commonly enlarged. An enlarged single 
posterior cervical node is highly suspicious. In cases associated 
with a virulent strain of T. gondii or in cases associated with 
immunosuppressive therapy, AIDS or congenital immunodefi- 
ciency syndromes or an immature fetus, clinical signs, or 
symptoms are present in 30% to 100% of infections. 

The clinical syndrome in presumably immunocompetent 
individuals is best described by an epidemic related to oocyst 
exposure in a riding stable (29). Of 37 patients with 
serologically proven toxoplasmosis, 80% had fever, headache, 
and lymphadenopathy (flu-like syndrome). Myalgia, stiff neck, 
and anorexia were associated with 50% to 70% of patients. 
Additionally, arthralgia, rash, mental confusion, and hepatitis 
were more common than controls. Interestingly, only 3/25 
(12%) of patients were correctly diagnosed by their physicians. 
The combination of lymphadenopathy, fatigue, malaise, 
atypical lymphocytosis, and/or occasional liver/spleen involve- 
ment is similar to mononucleosis or Epstein—Barr infections. 

The clinical challenge is to differentiate the nonspecific 
symptoms of acute toxoplasmosis infection from the 
symptoms of pregnancy or common viral infections. An 
interesting study by the U.S. multicentered Toxoplasmosis 
Study Group (30) performed a detailed interview on 131 
mothers of infants with proven congenital toxoplasmosis. 
Recognizing a serious recall bias, these women reported fever 
or night sweats (27%), flu-like illness or myalgia (26%), 
headache (11%), or any “infectious illness” (48%). Impor- 
tantly, 52% reported no maternal illnesses. Similarly, 35% 
reported no cat or cat litter exposure and 50% reported no 
exposure to undercooked meat or poor meat preparation 
hygiene. In a combined fashion, only 48% had exposure to 
cat litter, undercooked meat, or toxoplasmosis-like illness 
during pregnancy. These findings suggest that more than 
50% of patients may not be amenable to serologic screening 
based on risk factors or symptoms. 

In immunocompromised patients (AIDS, cancer therapy, 
transplant patients), reactivation of tissue cysts from prior 
infection leads to local tissue destruction and, ultimately, 
systemic parasitemia. As the central nervous system is a 
common site for tissue cysts, the clinical manifestations 
include central nervous system abscesses, encephalitis, 
cognitive impairment, headache, and chorioretinitis. 
Toxoplasma encephalitis occurs in 30% to 40% of AIDS 
patients (31). 

Most pregnant women are immunocompetent, and clinical 
expression of the infection (“flu” or lymphadenopathy) is mild 
and occurs in a minority (5-15%). Serologic evidence of 
maternal infection varies by maternal age and locale (15,32). 
The age-related incidence is 20% at less than 25 years, 23% at 
26 to 35 years, and 35% at greater than 36 years old. Warm, 
moist climates have high seropositivity rates (40-60%) and 
cold, dry climates have much lower rates (10-20%). These 
observations support the theory that toxoplasmosis is related 
to the ubiquitous distribution of infectious oocysts and/or 
food contamination with tissue cysts. 
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Between 45% and 87% of women will be seronegative and at 
risk for primary infection during pregnancy. Between 0.5% 
and 2.3% of pregnant women will be described as being at high 
risk for fetal infection (probable maternal infection) as 
indicated by maternal seroconversion. Of these, 5% to 18% 
demonstrates fetal infection documented by neonatal signs or 
symptoms and/or positive neonatal T. gondii-specific IgM 
titers. 

In a study by Zadik et al. (33), the rate of primary infection 
with toxoplasma was assessed by seroconversion. In that study, 
1621 women had paired serum more than 500 days apart. 
Primary infection was determined by seroconversion alone. In 
160 patients (9.9%), initial titers were positive. Only one 
seroconversion was detected in 2966 women years. The 
projected rate for primary infections was 0.23 (95% CI 
0.0059-1.3) per 1000 pregnancies. This rate of maternal 
infection is much lower than predicted by combined serologic 
methods (i.e., high titer, rising titer, etc.). On the other hand, 
the neonatal infection rate may be higher as it is a primary 
infection and true infection is better defined. 

While standard in vitro tests have shown little, if any, 
difference in humoral or cellular immunity between pregnant 
and nonpregnant women, later infection by certain organisms 
(i.e., varicella, human papilloma virus) may be reactivated 
during pregnancy. The combination of latent human im- 
munodeficiency virus (or organ transplantation with immu- 
nosuppression), latent toxoplasmosis, and pregnancy often 
leads to maternal and fetal concerns of reactivation of the 
toxoplasmosis. In AIDS patients, reactivation usually occurs 
with CD, counts <100 cells/mm. It appears that pregnant 
women have no greater risk than that defined by low CD, 
counts. Among 48 pregnant women receiving immunosup- 
pressive therapy after organ transplantation, no cerebral 
toxoplasmosis was recorded. Among 105 HIV-positive 
women, only one case of cerebral toxoplasmosis occurred 
with a CD, count of 20 cells/mm? (30). Prophylactic treatment 
to prevent maternal reactivation and vertical transmission is 
not indicated for CD, counts >100 cells/mm’. At CD, counts 
under 100 cells/mm’, the risk is still small, but prophylaxis 
may be justified, although benefit is not proven. These 
observations raise a serious question of whether reactivation 
of latent toxoplasmosis actually occurs in immunocompetent 
pregnancies. Seroconversion, rather than high or rising titers, 
may be the major serologic marker for fetal infection. 

Experimental infection of rhesus monkeys showed that 
transmission of T. gondii occurred in four of nine (44%) in 
second-trimester maternal infections and three of nine 
(33%) in the third trimester (34). Another four fetuses of 
mothers infected in the third trimester were probably 
infected, but the organism could not be isolated. The overall 
infection rate was 61%. Likewise, pregnant cats were orally 
inoculated with T. gondii (17). Among 8 animals euthanized 
at 10 or 31 days post-inoculation, 7 of 33 (21%) fetuses from 
all litters had T. gondii isolated. Eight additional pregnant cats 
were allowed to reach parturition and nurse their kittens. Of 
40 kittens from all eight litters, 26 (65%) had T. gondii 
isolated from tissues; 25 of 26 kittens were severely ill by 24 
days of life. It is apparent that in susceptible species 
(cats, rhesus monkeys, and man), the rate of intrauterine 
fetal infection is 40% to 70%. 
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Fetal infection is a combination of acute and persistent 
infection due to relative immune incompetence and reduced 
passive IgG transfer from the mother. Prior to 30 weeks of 
gestation, the fetal immune system is of little help; IgM, IgG, and 
cellular responses are limited and functionally immature (35). 
For example, in proven cases of in utero infection with 
toxoplasmosis in the first trimester, funicentesis at 20 to 
24 weeks demonstrated four out of nine with toxoplasma- 
specific IgM (36). Placental transfer of maternal IgG is limited 
by gestational age and target antigen. Immunoglobulin G 
transport has been noted by 8 weeks, but remains less than 
100mg/dL until 20 weeks. Subsequently, the fetal levels of 
maternal IgG rise until they are greater than maternal levels. 

Acute fetal toxoplasmosis results from initial placental 
involvement and subsequent systemic fetal parasitemia and 
infection. The most consistent histologic placental finding is 
chronic inflammation in the decidua capsularis and focal 
reaction in the villi. Tissue cysts as well as tachyzoites may be 
seen. Systemic involvement results in splenomegaly, hepato- 
megaly, jaundice, anemia, thrombocytopenia, chorioretinitis, 
and encephalitis. Persistent infection due to limited immune 
response leads to extramedullary hematopoiesis in the liver 
and decreased plasma protein production. When coupled with 
cardiac involvement, nonimmune hydrops may result. Wide- 
spread tissue destruction manifests as clinically apparent 
growth restriction. The most characteristic damage in the 
central nervous system is extensive necrosis of brain 
parenchyma secondary to vasculitis; microcephaly is a 
common sequela. Periventricular and periaqueductal vasculitis 
is common in toxoplasmosis. Subsequent calcification of these 
areas is apparent on roentgenographic or ultrasonographic 
examinations. Obstruction of the aqueduct and/or meningeal 
involvement leads to hydrocephalus. Chorioretinitis may be 
present at birth or may develop in the first two decades after 
birth through recrudescence or persistence of the disease. 

Table 2 describes the incidence of organ system involvement 
in 210 of congenitally infected neonates who were followed 
prospectively for 1 year (37). Twenty-one (10%) of the infants 
(including one death) had severe congenital toxoplasmosis 


Table 2 Neonatal Toxoplasmosis (n = 210) 


Prematurity (<2500g) 4% 
Intrauterine growth restriction 6% 
Jaundice 10% 
Hepatosplenomegaly 4% 
Thrombocytopenia 2% 
Anemia 4% 
Eosinophilia 2% 
Microcephaly 5% 
Hydrocephalus 4% 
Hypotonia 6% 
Seizures 4% 
Psychomotor retardation 5% 
Intracranial calcifications 11% 
Abnormal cerebrospinal fluid 35% 
Micro-ophthalmia 3% 
Bilateral chorioretinitis 6% 
Unilateral chorioretinitis 16% 
Normal 55% 


Source: From Ref. 37. 
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with central nervous system involvement. Seventy-one (34%) 
had a normal clinical exam except for peripheral retinal 
scarring or isolated asymptomatic intracranial calcifications. 
One hundred and sixteen (55%) were normal. Caution should 
be exercised when evaluating the incidence of injury. Most 
series are populations of referred neonates and represent a 
population with more clinically apparent diseases. Unless all 
pregnant women and neonates are screened and all infected 
neonates are systematically examined, the risk is lower than 
that published. In addition, women countries, which use 
universal screening to identify maternal seroconversion and 
use amniocentesis and PCR to identify fetal infection, are more 
likely to initiate antibiotic therapy after a significant percentage 
of women (about 40%) chose to abort (38). Antibiotic therapy 
may modify (lower) the incidence of severe disease at birth. In 
the latter study, 58 of 76 (77%) had asymptomatic infection 
after 84% received antibiotics prior to amniocentesis. 

The timing of acute fetal toxoplasmosis greatly affects the 
sequelae (39) (Table 3). When it occurs early in gestation, 
especially prior to 13 weeks, the infection is more widespread 
and destructive. At 11 to 13 weeks, the fetal immune system 
begins to identify antigens as “self” or “non-self.” Toxoplasma 
antigens that are incorporated into fetal tissue may be 
misrecognized as “self” and harder to eliminate. In addition, 
the continuing immaturity of the fetal immune system and 
limited active transfer of toxoplasma-specific maternal IgG 
prior to 25 weeks poorly control the infection. Additionally, 
immune “protected” location, the central nervous system, and 
inner eye allow the organisms to avoid host responses. 


Chronic Infection 
Early reports of follow-up indicated that children with 
clinically apparent disease at birth had a poor prognosis: 
mental retardation, 93%; seizures, 81%; spasticity or palsies, 
70%; impaired vision, 61%; hydrocephalus or microcephaly, 
32%; deafness, 15%; and normal, 11% (40). Fortunately, many 
infants with congenital toxoplasmosis are completely normal 
at birth (40-55%). The prognosis in mildly affected or 
asymptomatic infection appears to be much better (Table 2). 
A continued risk of damage is apparent in 20-year follow-up 
of congenitally infected children and in epidemiologic studies. 
Koppe et al. (41) followed 11 children for 20 years. One of five 
asymptomatic and treated infants and four of six (two with 
severe disabilities) symptomatic infants developed new 
chorioretinitis by 20 years. Wilson et al. (42) followed 
23 children with subclinical infections at birth for 1.25 to 
17.25 years. Of 23 children, 19 (83%) had one or more 
episodes of chorioretinitis, 11 (48%) had unilateral or bilateral 
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blindness, and 12 (53%) had a new diagnosis of central 
nervous system disorders. Sever et al. (32) performed a 
multivariate analysis of 22,845 patients in whom toxoplasmo- 
sis titers were correlated with poor outcomes during a 
standardized exam at 7 years of age. The results were 
controlled for race, maternal age, and socioeconomic index. 
Visual impairment, microcephaly, coordination problems, 
right and left identification, and soft neurologic signs 
correlated with toxoplasmosis titer. Bilateral deafness, ex- 
traocular movement, and IQ <70 correlated with the 
interaction variable, toxoplasmosis titer x maternal age. 

A 20-year prospective study (1985-2005) of 676 pregnancies 
and 681 etuses gives more reassuring outcomes than prior 
data (43). Mothers who were IgG seronegative were followed 
with monthly serology. Antenatal therapy with spiramycin 
9 x 10° SI units per day was initiated at recognition of maternal 
IgG seroconversion until an amniocentesis (4 weeks later) 
was performed to identify fetal infections by PCR. After 
definitive diagnosis of fetal infection, a regimen of sulfadoxine 
(1000mg/wk), pyrimethamine 950 mg/week, and folinic acid 
50mg/week was initiated until delivery. The same regimen was 
used in pediatric doses until 2 years of age. They reported that 
17% (112 of 666) live borns had congenital toxoplasmosis 
after maternal seroconversion during pregnancy (monthly 
IgG serology). Of these, 74% were asymptomatic, 1.5% had 
severe manifestations at birth, and 26% were diagnosed with 
chorioretinitis; 6 of 28 infants with chorioretinitis had 
macular disease (unilateral). Two children had additional 
neurologic issues, seizures, and psychomotor delay. The partial 
improvement in outcomes from earlier data suggests a benefit 
to early recognition for fetal infection and fetal therapy. 


Diagnosis 

Behavioral Screening 

Ideally, all women who are at risk for pregnancy or are trying 
to get pregnant need assessment and education concerning the 
risk of toxoplasmosis during pregnancy, that is, preconceptual 
counseling. Each woman should be asked about her ongoing 
exposures to potentially contaminated soil or water, cat 
exposures, kitchen and personal hygiene, and predilection to 
eating and undercooked meats or game. In high-risk women 
(any positive response), a preconceptual measurement of 
toxoplasma-specific IgG will identify potential risk of fetal 
infection during a subsequent pregnancy. If the toxoplasmo- 
sis-specific IgG is positive, then the risk of fetal toxoplasmosis 
is very small in an immunocompetent individual. If patient is 
seronegative, a program of primary prevention education is 
critical (Table 5). During pregnancy, monthly serology will be 


Table 3 Time of Maternal Infection and the Frequency of Fetal Infection 


First trimester n = 126 


No infection 86% 
Perinatal death 5% 
Fetal infection 9% 
Severe 6% 
Mild 1% 
Subclinical 2% 


Source: Adapted from Ref. 39 (Table 31.5). 


Time of maternal infection 


Second trimester n = 246 Third trimester n = 128 


71% 41% 
2% 0% 
27% 59% 
2% 0% 
5% 6% 
20% 53% 
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helpful in the early identification of fetal infection and 
initiation of antibiotics. 


Serologic Screening 

Maternal antibody response is normal to a toxoplasmosis 
infection; IgM appears first and rises sharply for 1 to 2 weeks 
and is sustained for 4 to 6 months (IgM-IFA) or 6 to 
12 months (or years) when measured by more sensitive 
methods [double-sandwiched IgM enzyme-linked immuno- 
sorbent assay (IgM-ELISA)]. After the start of the increase 
in IgM, IgG rises slowly for 1 to 3 weeks (2-50 IU/mL, 
1:10-1:200). Between 3 and 6 weeks, IgG antibodies rise 
sharply to >400IU/mL or titers >1:1000. In 2% to 4%, the 
titers are >1:4000 [indirect hemagglutination test (IHA)] and 
persist at high levels for years. Again, IgG tests vary in their 
sensitivity. 

The majority of infected pregnant women are asymptomatic, 
and a combination of testing for immunoglobulin G (IgG), M 
(IgM), and IgA antibodies is used to diagnose toxoplasmosis. 
These tests include the Sabin-Feldman dye test (dye test), 
complement fixation, IHA, indirect fluorescence antibody test 
(IFA), agglutination test, double-sandwiched IgM-ELISA, and 
the IgM immunosorbent agglutination assay (IgM-ISAGA). 

Although the Sabin-Feldman (dye test) is the time-honored 
gold standard, its technical complexity (mouse inoculation 
and observation of a biologic response) limits application 
outside of research settings. In the IHA test, red blood cells 
tagged with toxoplasma antigen agglutinate when exposed to 
serum containing IgG and IgM antibodies to toxoplasma. This 
response occurs several months after an infection. As a result, 
as many as 50% of infants with fetal infection will have 
negative IHA in the first 6 months of life. Complement fixing 
antibodies appear later than dye test antibodies and, depend- 
ing on the antigen employed, the results vary. The agglutina- 
tion test uses parasites fixed in formalin and is very sensitive to 
IgM antibodies. Nonspecific agglutination may occur due to 
“naturally” occurring IgM (in mothers negative for toxoplas- 
ma-specific IgG and IgM antibodies). Unless the laboratory 
corrects for these antibodies, false positives can occur. The IFA 
test uses slide preparations of fixed toxoplasma that are washed 
with the patient’s serum at different dilutions and cross- 
reacted with fluorescein-tagged antiserum prepared against 
IgG (anti-IgG). Although the IFA test is equal to the dye test in 
specificity, patients with connective tissue disorders, that is, 
positive rheumatoid factor, may test false positive. Positive 
tests should be confirmed with a dye or IHA test. 

The IgM titer is measured in three ways: IgM-indirect 
fluorescent antibody (IgM-IFA), IgM-ELISA, and IgM-ISAGA. 
IgM-IFA relies on antiserum specific to IgM. A titer >1:160 is 
diagnostic of an acute infection. If the antiserum cross-reacts 
with IgG, which is true of some testing kits, the results may be 
false positive. Additional problems include an inhibitory effect 
of high maternal IgG titers on fetal IgM titers and false 
positives created by autoimmune antibodies, that is, rheuma- 
toid factor. 

The conventional IgM-ELISA may also be false positive in 
patients with chronic infection or autoimmune disease. As a 
result, Naot et al. (44) developed a double-sandwiched IgM- 
ELISA. In a direct comparison with IgM-IFA in 55 serum 
samples from neonates with proven toxoplasmosis, the 
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double-sandwiched IgM-ELISA was more likely to be positive 
(81% vs. 25%) than was IgM-IFA. 

The IgM-ISAGA combines the advantages of direct 
agglutination and double-sandwiched ELISA. The IgM-ISAGA 
does not use an enzyme conjugate and avoids cross-reactivity 
with rheumatic factor. It is more sensitive than the IgM-IFA or 
the IgM-ELISA and will be positive 1 to 2 weeks earlier than 
the latter tests. 

Continual improvement in the specificity and sensitivity of 
toxoplasma-specific IgM testing has muted its usefulness. The 
more sensitive the test, the less likely it is to narrow the time of the 
maternal infection if preconceptual Toxoplasmosis IgG testing 
has not been performed. In the latter situation, the timing is 
critical. The earlier the infection, especially prior to 14 weeks, the 
less likely fetal infection has occurred, but it is more likely 
that severe disease will be manifest at birth. Diagnosis of fetal 
infection prior to 20 weeks allows the mother a more educated 
choice whether to carry or abort the pregnancy. In addition, 
earlier therapy may improve the efficacy of antibiotic therapy. 

Commercial testing, the avenue for most clinicians in the 
United States, can create confusing and difficult decisions (45). 
The laboratory testing companies are most interested in 
producing a reliable result with the largest profit margin. 
Unless the laboratory pre-absorbs the naturally occurring anti- 
IgG IgM (rheumatoid factor), false positive, low levels of IgM 
are identified and reported. This occurs more often when the 
IgG is very high. Overreading the results may create enough 
concern by the mother to terminate her pregnancy when no 
fetal infection is present; one study suggests this occurs in 
17.5% of women misinformed about the risk of infection (46). 
Retesting the same serum using different IgM methodologies 
and identifying other elevated immunoglobulins (IgA, IgE), an 
abnormal differential agglutination test, or low IgG avidity 
can identify true positives and reduce the risk of abortion to 
0.4% (47). Most commercial laboratories do not save the 
serum and are reluctant or are inexperienced in the 
performance of confirmatory testing. The American College 
of Obstetricians and Gynecologists and the Centers for Disease 
Control and Prevention recommend contacting a reference 
laboratory prior to an intervention as a result of the primary 
serologic screening test. Other useful contact information 
includes reference laboratory for serology, isolation, and 
PCR assay (650-853-4828), Congenital Toxoplasmosis Study 
Group (U.S.), and Educational information on the Internet 
www.toxoplasmosis.org. 

Seroconversion of IgG in a prior seronegative provides 
unequivocal evidence of infection occurring in the period of 
time between the two tests. However, most women become 
pregnant without knowledge of their antibody status and 
diagnosis must rely on a skilled and experienced interpretation 
of positive IgG serology, a positive IgM serology, rising 
antibody titers, or, occasionally, persistent, high titers. 
Unfortunately, the numerous tests used to measure antibody 
response have considerable inter- and intra-test variability. 


Fetal Diagnosis 

The advent of sophisticated ultrasound diagnosis and invasive 
fetal testing (funicentesis/cordocentesis) has heralded new 
options in the diagnosis and management of toxoplasmosis. 
Although serologic testing may identify 0.5% to 2.5% of 
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pregnant women at high risk of fetal toxoplasmosis, fetal 
infection is not an absolute diagnosis without measurement of 
fetal immunologic response or demonstration of the organ- 
ism. By using advanced ultrasound diagnosis and invasive fetal 
testing, 5% to 20% of maternal infections in the first 20 weeks 
of pregnancy and 40% to 80% in the second 20 weeks of 
pregnancy result in fetal infection. The rapid identification of 
the fetal infections is the best management. 

High-resolution obstetric ultrasound has a role in screen- 
ing and diagnosis of fetal infection. The fetal findings include 
ventriculomegaly, microcephaly, intracranial calcifications, 
increased placental thickness, parenchymal liver calcifica- 
tions, fetal hydrops, ascites, hyperechoic bowel, and fetal 
growth restriction. The presence of any one or a combina- 
tion of these findings in the presence of positive serology has 
a sensitivity of 49%, specificity of 99%, positive predictive 
value of 98%, and a negative predictive value of 89% (48). 
The unanticipated identification of these findings should 
initiate toxoplasma-specific IgG and IgM serology testing. If 
positive serology is positive, an amniocentesis for AF-PCR 
testing is warranted. 

Access to fetal tissues (amniotic fluid, amniocytes, chorionic 
villi, or fetal blood) allows unequivocal fetal diagnosis. In utero 
fetal infection may be diagnosed through demonstration of 
toxoplasma antigens (parasites or DNA), fetal immune 
response (IgM), or physical or laboratory evidence of fetal 
infection. Inoculation of mice or tissue cultures with 
fetal specimens is 50% to 70% sensitive in documenting fetal 
infection. Polymerase chain reaction identification of tox- 
oplasma DNA significantly reduces the time and laboratory 
requirements for antigen detection. However, adequate 
laboratory support is essential, but currently there is limited 
access and availability. 

The demonstration of a fetal IgM through cordocentesis is 
limited by gestational age. Prior to 24 weeks, the upper age 
limit for abortion in the United States, less than half of 
fetuses, will mount an IgM response. Abnormal laboratory 
findings on fetal blood include elevated white cell count, 
eosinophil count, monocytes, gamma-glutamyl transpepti- 
dase, and lactic dehydrogenase activity (Table 4) (36,49). 

Isolation of the parasite from the mother or infant provides 
unequivocal proof of infection. The parasite (bradyzoite or 
tachyzoite) can be isolated from blood, muscle, brain, 


Table 4 Antenatal Diagnosis of Fetal Toxoplasma 
Daffos et al. (36) 


Number of high-risk mothers 746 
Fetal infection 42 
Diagnosed in utero 39/42 
Positive specific IgM 9/42 
Elevated total IgM 22/37 
Elevated WBC 16/39 
Eosinophilia 8/33 
Elevated LDH 7/35 
Elevated GGT 24/34 
Abnormal ultrasound: ascites 2/42 
Ventricular dilation 17/42 


Intracranial calcification — 


Abbreviations: LDH, lactic dehydrogenase; GGT, gamma-glutamyl transpeptidase. 
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amniotic fluid, or placental tissue through inoculation of mice 
or tissue culture. The frequency of isolation from the placenta 
varies by the trimester in which toxoplasmosis was acquired 
and untreated: first trimester, 25%; second trimester, 54%; 
third trimester, 65%; and overall, 50% (50). However, the 
placenta may be negative in the presence of a congenitally 
infected fetus. Parasitemia in infected newborns varies by 
clinical stage: acute/generalized, 71%; neurologic or ocular, 
17%; and subclinical, 52% (51). When the diagnosis is 
attempted by funicentesis in the second trimester, the fetal 
blood is positive in 70% of cases (52). Overall (term and 
preterm), the amniotic fluid sediment will contain toxoplasma 
in 60% of samples from fetuses with congenital infection. 
Although isolation of the organism is a powerful investiga- 
tional tool, it requires time and specialized laboratories not 
readily available to the practicing physician. 

Molecular genetics has provided a powerful new tool 
in antigen identification, the polymerase chain reaction 
(PCR) (52,53). In 43 cases, PCR was compared with mouse 
inoculation (tissue/amniotic fluid cultures) and IgM-ISAGA 
(IgM immunosorbent agglutination) on fetal blood. PCR 
correctly diagnosed toxoplasmosis as positive in 8 out of 10 
samples with no false-positive diagnosis. More recently, 
Hohlfeld et al. (52) compared a competitive PCR test of 
amniotic fluid with conventional diagnostic methods (ultra- 
sonography, fetal blood sampling, and serologic diagnosis) in 
339 women who had acquired toxoplasmosis during preg- 
nancy (combined serologic diagnosis). Conventional methods 
identified 34 of 37 (sensitivity 89.7%) neonates with 
serologically or pathologically confirmed toxoplasmosis at 
birth. The PCR test identified 36 of 37 infants (sensitivity 
97.4%). In a more recent analysis, real-time PCR was 92% 
sensitive and had a 98% negative predictive value in a study 
377 mothers with seroconversion during pregnancy (54). The 
PCR test on amniotic fluid is now the standard method for the 
diagnosis of fetal toxoplasmosis. 


Universal Screening 

The frequency of maternal (0.8%) and fetal (0.32%) infection, 
the frequency of long-term disability after fetal infection 
(50-90%), and the cost of caring for those disabilities ($80,000- 
$150,000 per case) describe the potential benefits of a universal 
screening program. This potential benefit compares favorably 


Foulon et al. (49) Total 
50 796 
6 48 (6%) 
5/6 44/48 (92%) 
1/3 10/45 (22%) 
— 59% 
— 41% 
2/3 10/36 (28%) 
3/3 10/38 (26%) 
3/3 27/36 (75%) 
0/3 2/45 (4%) 
1/3 18/45 (40%) 
1/3 33% 
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with other universal screening programs: syphilis, gonorrhea, 
phenylketonuria, or maternal serum alpha-fetoprotein. Com- 
mercial laboratories would easily and happily accommodate 
the demand for serologic testing in a universal screening 
program. Finally, respected researchers endorse the concept 
of universal screening (55). 

On the other hand, the cost, unreliability in testing, and the 
inadequacy and cost of resources to interpret, diagnose, and 
treat fetal infection are major obstacles to implementation. 
The immunofluorescent antibody test, which is used in 80% of 
commercial laboratories (56), costs $80 to $120. Each patient 
would require two to three tests: two tests to document 
seroconversion and three tests (in 40% of patients) to 
document a rising titer (paired samples or IgM). Universal 
serologic screening would cost an estimated $320 to 
$720 million. 

A cost benefit analysis based on data from a Finnish 
prospective study (57) and on Finnish cost data was performed 
to compare the no-screening and screening alternative for 
primary toxoplasma infection during pregnancy (58). Given a 
20.3% seropositivity and an incidence of fetal infection to be 
2.4/1000 seronegative pregnancies, the total annual costs of 
congenital toxoplasmosis without screening were $128 per 
pregnancy per year (U.S. dollars). With screening, the cost 
would be $95. The authors concluded that universal screening, 
plus health education, is cost effective if the incidence of 
maternal primary infection exceeds 1.1/1000 pregnancies and 
the effectiveness of treatment is greater than 22%. 

The diagnosis of fetal infection in high-risk mothers is 
necessary unless the practitioner and patient are willing to 
abort or treat 9 to 15 uninfected fetuses for each infected fetus. 
Amniocentesis and/or funicentesis would be needed in 
296,000 (0.8% x 3.7 million) women per year, with each 
ultrasound-guided procedure costing a minimum of $1500. 
The necessary expertise, laboratory support, and financial 
resources are not available for this demand. 

In summary, while selected preconceptual screening for 
seronegativity and antenatal screening for seroconversion in 
behaviorally high-risk individuals may be warranted, first- 
trimester universal screening for toxoplasmosis is not 
warranted at this time in the United States. However, serologic 
screening should be considered when the patient has a “flu”- 
like syndrome, and/or has lymphadenopathy, or when the 
fetus, on ultrasonographic examination, has growth restric- 
tion, nonimmune hydrops, ascites, hydrocephalus, micro- 
cephaly, or intracranial calcification. 


Antibiotic Therapy 

Pyrimethamine, a substituted phenylpyrimidine antimalarial 
drug, cures toxoplasmosis in laboratory animals through folic 
acid antagonism. Pyrimethamine produces a reversible, dose- 
related bone marrow depression. Thrombocytopenia, with its 
associated bleeding sequelae, is the most common toxic affect, 
but anemia and leukopenia may occur as well. A semi-weekly 
complete blood cell and platelet count should be obtained 
while the patient is being treated. 

Sulfadiazine (or sulfapyrazine, sulfamethazine, or sulfamer- 
azine) acts synergistically with pyrimethamine with a com- 
bined activity against toxoplasmosis much greater than a 
merely additive affect. Like pyrimethamine, sulfa drugs disrupt 
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folic acid metabolism in bacterial species. Renal toxicity 
(crystalluria and hematuria), toxic dermal reaction (Stevens— 
Johnson syndrome), and blood dyscrasias are reported with 
sulfa drug therapies. However, these agents are well tolerated 
in most individuals. In the neonate, sulfa drugs displace 
bilirubin from albumin, and kernicterus may occur. The risk 
of neonatal kernicterus from maternal intake of sulfa drugs is 
quite small. 

The evaluation of antibiotic efficacy depends on the time 
between the onset of infection and initiation of therapy. In 
human studies, the timing of fetal toxoplasmosis is very 
difficult to determine because the infection is usually 
asymptomatic. Experimental inoculation of infra-human 
primates, rhesus monkeys, and treatment with anti-toxoplas- 
mosis antibiotics provides powerful insight into the pharma- 
cokinetics of pregnancy and the efficacy of the antibiotics. 

Schoondermark-Van de Ven et al. (59) established the 
dosage regimen for pyrimethamine and sulfadiazine in 
pregnant rhesus monkeys. The distributions of both drugs 
followed a one-compartment model. The maximum concen- 
trations in serum were 88.7 ug/nL, 0.22 ug/nL for sulfadiazine 
and pyrimethamine, respectively. The serum elimination half- 
lives were much greater for pyrimethamine (44.4 hours) than 
sulfadiazine (5.2 hours). 

Subsequent to the latter experiment, Back et al. used the 
dosage regimen to treat six rhesus monkeys that were infected 
with T. gondii at 90 days of gestation (second trimester) (60). 
Four similarly infected pregnant monkeys were used as 
controls. Infection was documented by isolation of T. gondii 
from amniotic fluid samples. The treated animals received 
pyrimethazine 1 mg/kg body weight and sulfadiazine 50mg/kg/ 
day for the remainder of the pregnancy. T. gondii was present 
at birth in three of four untreated neonates. In all animals 
treated with pyrimethazine and sulfadiazine, no parasite was 
identified in the amniotic fluid 10 to 13 days after initiation 
of therapy. No neonate demonstrated T. gondii at birth. 

Spiramycin, a macrolide antibiotic, has an antibacterial 
spectrum similar to erythromycin and is active against 
toxoplasmosis in laboratory animals. With spiramycin 
2g/day, the concentrations were maternal serum, 1.19 ug/nL; 
umbilical cord, 0.63 ug/nL; and placenta, 2.75 ug/nL. With 
spiramycin 3g/day, the concentrations were maternal 
serum, 1.69 ug/nL; umbilical cord serum, 0.78 ug/nL; and 
placenta, 6.2 ug/nL (59,60). Persistent, high tissue levels 
account for its greater activity against toxoplasmosis than 
erythromycin. During pregnancy, spiramycin is concen- 
trated in placental tissue two to four times the serum levels, 
an important advantage, as placental infection is sentinel 
to fetal infection. Spiramycin seems to be well tolerated. 
When used as an antineoplastic agent in doses greater than 
35mg/kg, some patients experienced vertigo, nausea, vomi- 
ting, and anorexia. No impairment of the heart, blood, 
liver, or kidneys was noted (60). 

Schoondermark-Van de Ven et al. (61) inoculated eight 
rhesus monkeys at 90 days of gestation (second trimester). The 
parasite was found in five of eight amniotic fluids at 
subsequent sampling. These monkeys with documented 
fetal infection were treated with intravenous spiramycin 
20mg/kg/day in two divided doses. At 14 days after initiation 
of spiramycin, T. gondii was still detectable by PCR analysis, 
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but not by mouse inoculation in four of five amniotic fluids. In 
four monkeys that had received spiramycin for 7 weeks, no 
T. gondii was detected by PCR or mouse inoculation in the 
placenta, amniotic fluid, or neonatal organs. One fetus that 
delivered prematurely after 2 weeks of spiramycin had 
T. gondii associated with its placenta based on PCR results 
alone. Spiramycin accumulated in extra-central nervous 
system tissues at concentrations 5 to 28 times umbilical cord 
concentrations; but no spiramycin was found in fetal/neonatal 
brains. These data suggest that in primates early treatment 
with spiramycin may eliminate fetal infection with moderate 
success, but if there is fetal central nervous system involve- 
ment, spiramycin is likely to be ineffective. 

Clinicians have come to expect that antibiotics will 
effectively treat infection. Unfortunately, effective antibiotic 
treatment of fetal toxoplasmosis has not been realized. In the 
last 10 years, three separate meta-analyses have concluded little 
benefit from antibiotic therapy. No trials with randomized 
assignment of women with confirmed fetal toxoplasmosis 
have been preformed; all are observational studies (62—64). 
The Systematic Review on Congenital Toxoplasmosis study 
group systematically reviewed 26 cohorts where spiramycin 
and/or pyrimethamine-sulfonamide were used to treat fetal 
toxoplasmosis (64). Overall, treatment did not change the 
frequency of any clinical manifestation: adjusted odds ratio = 
1.11(p = 0.74). Ina sub-analysis, there was a small reduction in 
maternal to fetal transmission when spiramycin was initiated 
less than 3 weeks after maternal seroconversion: adjusted odds 
ratio (95th CI) = 0.48(0.28—0.80). Maternal to fetal transmis- 
sion was strongly associated with gestational age at serocon- 
version. The odds of transmission increased by 12% per week 
of maternal gestation; the estimated rate of maternal to fetal 
transmission was 15% (95th CI 13-17%) at 13 weeks, 44% 
(40-47%) at 26 weeks, and 71% (66-76%) at 36 weeks. 

The findings of early treatment after seroconversion and the 
results of the earlier quoted study of Berribi et al. (43), provide 
some guidance for therapy. In summary, a potential algorithm 
is preconceptual screening (or first prenatal visit) and monthly 
screening with Toxoplasma serology during pregnancy in 
seronegative women. If seroconversion occurs, then spiromy- 
cinis initiated until an amniocentesis can be performed for 
diagnosis of fetal infection. If fetal infection is diagnosed, then 
treatment with pyrimethamine/sulfonamide and folinic acid is 
initiated antenatally and neonatally. 


Prevention 

Primary prevention has the potential to greatly reduce the 
medical and economic costs of congenital toxoplasmosis. A 
combination of public education, that is, high school 
curriculum, preconceptual counseling, and early prenatal 
counseling, would be most effective in reducing congenital 
toxoplasmosis. In addition to material concerning the risks of 
toxoplasmosis, the role of cats and the general guidelines are 
listed in Table 5. 

Foulon et al. (65) evaluated the reduction in the incidence of 
congenital toxoplasmosis using a primary prevention scheme 
(education) and a secondary prevention scheme (screening 
and treatment). Among the 11,286 consecutive pregnant 
women, primary prevention reduced the seroconversion rate 
by 63% (p = 0.013). Of 76 women determined to be at risk for 
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Table 5 Primary Prevention of Toxoplasmosis During 
Pregnancy 


Oocyst exposure 

Avoid the purchase of a new cat just prior to or during pregnancy 

Avoid sick or feral cats 

Use gloves for gardening 

Have other family members clean the litter box 

Clean the litter box daily 

Sterilize the empty pan with boiling water for 20 minutes 

Prevent flies and other vectors from contaminating food 

Thoroughly wash fruits and vegetables 

Tissue cyst exposure 

Cook meat to 150°F (66°C) 

Cleanse the preparation surface immediately after meat 
preparation 

Wash hands immediately after meat preparation 

Avoid contact with mucous membranes of the mouth and eyes 
while handling raw meat 


delivering a child with congenital toxoplasmosis, 8 (11%) 
infected fetuses were detected by prenatal fetal diagnosis. Of 
these, secondary prevention (antibiotics) reduced the incidence 
of congenital toxoplasmosis by an additional 40%. Unfortu- 
nately, a recent meta-analysis of randomized trials showed 
poor design quality and no benefit in reducing the incidence 
congenital toxoplasmosis. Regardless, given the benefit of the 
Foulon et al. study and the low cost of behavioral interventions, 
the author recommends their continued use (66). 


SUMMARY 

The medical costs of maternal toxoplasmosis warrant the 
development of effective programs in primary prevention, 
diagnosis, and therapy. Maternal toxoplasmosis occurs in 
0.5% to 1% of pregnancies, and 10% to 60% of their fetuses 
will be infected. While the majority (80-90%) of infected 
neonates will be asymptomatic at birth, a large proportion 
(20-90%) will develop one or more disabilities. These include 
hydrocephalus, microcephaly, chorioretinitis, mental retarda- 
tion, and deafness. 

Primary prevention through education and monitoring of 
food sources has an unfulfilled potential. The effectiveness of 
primary prevention is measured by changes in behavior and 
seroconversion rates. A universal screening program, espe- 
cially preconceptual screening, will improve diagnosis and 
allow abortion as an option. However, the lack of standardized 
tests and poor correlation between maternal infection and fetal 
infection may result in many unnecessary abortions. 

Fetal diagnosis allows more focused therapy. It will 
significantly reduce unnecessary abortion and antibiotic 
therapy. Unfortunately, fetal diagnosis requires sophisticated 
clinical skills, equipment, and laboratory support that are 
currently available only at major medical centers. 

The inability to pinpoint the onset or severity of fetal 
toxoplasmosis limits the effectiveness of antibiotic regimens 
used to treat fetal toxoplasmosis. Despite therapy, 10% to 50% 
of fetuses infected in the first half of pregnancy will manifest 
injury. This failure rate may be related to an ineffective 
antibiotic regimen or inadvertently delayed treatment. 
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Comparative trials of antibiotics are critically important to the 
management of fetal toxoplasmosis in the future. 
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84 Human immunodeficiency virus (HIV) 


Richard Basilan and William Salzer 


EPIDEMIOLOGY 
The number of people living with human immunodeficiency 
virus (HIV) worldwide reached an estimated 33.4 million in 
2008, with 2.7 million new infections and 2 million acquired 
immune deficiency syndrome (AIDS)-related deaths that same 
year. The total number of people living with the virus in 2008 
was more than 20% higher than the number in 2000, and the 
prevalence was roughly threefold higher than that in 1990 (1). 
Meanwhile, an estimated 1.1 million adults and adolescents 
were living with diagnosed or undiagnosed HIV in the United 
States at the end of 2006, according to Centers for Disease 
Control and Prevention (CDC) estimates (2). During the 
same year, an estimated 54,230 new infections occurred in 
the United States (3). Although women make up only 25% of 
the HIV-infected population in the United States, certain 
subgroups, particularly African-Americans and Latinas, are 
disproportionately affected. African-American women, for 
example, have a prevalence rate nearly 18 times that of the 
rate of white women (2). In 2005, HIV disease was the third 
leading cause of death for African-American women aged 
25 to 44 years and the fourth leading cause of death for 
African-American women aged 45 to 54 years (4). 
Differences in the rates of HIV maternal to child 
transmission (MTCT) serve to highlight the disparities 
between resource-rich and resource-limited areas. While there 
were 390,000 children newly infected with HIV in sub-Saharan 
Africa in 2008, there were less than 500 new cases in North 
America, Western Europe, and central Europe combined (1). 
Analysis of national surveillance data shows that the number of 
pediatric AIDS cases that were reported to the CDC decreased 
from 858 in 1992 to only 41 in 2004, a decrease of about 
95% (5). There has also been a marked decline in perinatal 
HIV transmission from an estimated 1650 in 1991 to between 
144 and 236 in 2006 (6). The reduction in perinatal HIV 
transmission, now estimated to be less than 2% in the United 
States (7), is the result of a combination of universal maternal 
prenatal HIV counseling and testing, antiretroviral (ARV) 
prophylaxis, scheduled cesarean delivery when appropriate, 
and avoidance of breast-feeding. By contrast, perinatal 
transmission rates in resource-poor areas can be as high as 
25% to 30 % in the absence of any intervention (8). 


ETIOLOGY 

AIDS was first recognized in June 1981 when five previously 
healthy men who have sex with men (MSM) presented with 
Pneumocystis carinii pneumonia in Los Angeles (9). This was 
followed by a report of 26 MSM with Kaposi’s sarcoma, 
with or without P. carinii pneumonia in New York and 
Los Angeles (10). The discovery of the HIV, initially named 
human T cell leukemia virus II, followed in 1983, and its 
causal relationship to AIDS was firmly established by the 


following year (11,12). A reliable screening test (HIV ELISA) 
was developed in 1985, and since that time our understanding 
of HIV and its pathogenesis continues to increase and has led 
to successful treatment regimens not just for HIV but for other 
viral illnesses as well. 

HIV belongs to the family of human retroviruses (Retro- 
viridae) and the subfamily of lentiviruses. HIV-1 is the 
predominant cause of HIV disease in the world. HIV-2, which 
can also cause AIDS, is closely related to simian immunode- 
ficiency virus and is largely confined to West Africa, although 
occasional cases occur worldwide. The HIV virion is an 
icosahedral structure containing numerous external spikes 
formed by the two major envelope proteins, the external 
gp120, and the transmembrane gp41. The virion attaches via 
gp120 to cells expressing the CD4 molecule, which acts as the 
cell receptor for the virus. The CD4 molecule is expressed 
mainly in a subset of T lymphocytes responsible for helper 
function in the immune system, but can also be found on the 
surface of monocytes/macrophages and dendritic/Langerhans 
cells (13). A conformational change then occurs in the gp120 
molecule, allowing it to bind to one of two cellular coreceptors 
(CCR5 or CXCR4). Binding is followed by insertion of viral 
gp41 into the CD4 cell, resulting in membrane fusion followed 
by release of the viral core into the cell cytoplasm. 

HIV, like other retroviruses, is an RNA virus. The virus 
transcribes its RNA using RNA-dependent DNA polymerase 
(reverse transcriptase) into DNA, which is then incorporated 
into the host DNA by a viral integrase. Following transcrip- 
tion, HIV mRNA is translated into proteins that are processed 
further by viral proteases, allowing for assembly of new virions 
that are then released to infect other cells. These steps in the 
viral replication cycle have been the target of highly active ARV 
therapy, which has revolutionized the management of HIV 
infection. 


PATHOPHYSIOLOGY 

The most common mode of HIV infection is sexual 
transmission through the genital mucosa (14), with initial 
infection of a small number of T lymphocytes, macrophages, 
and dendritic cells located in the lamina propria. Initial 
replication occurs in the regional lymph nodes, followed by 
migration of infected T lymphocytes or virions into the 
bloodstream, where secondary amplification in the gastro- 
intestinal tract, spleen, and bone marrow results in massive 
infection of susceptible cells (15). The period of peak viremia, 
which occurs in the first 6 weeks, results in a symptomatic 
illness in 40% to 90% of patients, termed acute HIV infection. 
The most common symptoms include fever, fatigue, phar- 
yngitis, lymphadenopathy, and myalgias. A maculopapular 
rash involving the trunk also occurs in 40% to 80% of 
patients (16). Oral or genital ulcers can also occur. Given the 
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nonspecific mononucleosis like symptoms of acute HIV 
infection, the diagnosis is often missed. A high index of 
suspicion is required to make the diagnosis, because commonly 
used screening tests for HIV antibody are negative for the first 
4 weeks following infection. Detection of the p24 antigen or HIV 
RNA by PCR in the absence of HIV antibodies would confirm 
the diagnosis. This has important public health implications as 
the patient is unaware of being infected with HIV and yet is 
highly infectious because of the very high viral load. 

Despite the initial immune response during primary HIV 
infection, the virus continues to replicate at a high rate in 
untreated patients, with production of 10'° virions daily. Viral 
replication is error prone, producing multiple quasi-species. 
This helps the virus evade the immune system and facilitates 
development of resistance to ARV agents. The virus subse- 
quently establishes a reservoir in resting memory CD4+ cells, 
as well as in immune-sequestered sites such as the central 
nervous system (CNS). The patient remains asymptomatic 
during this chronic phase, which on average lasts about 
10 years. During this time, there is persistent viral replication 
and immune activation resulting in a gradual decrease in the 
number of circulating CD4+ cells. As the CD4+ count falls, 
patients become more susceptible to opportunistic infections, 
the hallmark of AIDS. 

Transmission of HIV from mother to child can occur in 
utero, perinatally, or postpartum through breast-feeding (6). 
Multiple factors have been associated with an increased risk of 
MTCT, but the greatest risk is with higher maternal plasma 
HIV RNA levels. Although the risk of MTCT decreases with 
lower maternal plasma HIV RNA levels (8), particularly when 
it is <1000 copies/mL, it should be emphasized that MTCT can 
occur even at low or undetectable HIV RNA levels (17). Other 
factors that have been found to increase MTCT rates include 
vaginal delivery with plasma HIV RNA levels >1000 copies/mL, 
delivery at earlier gestation, prolonged interval between 
membrane rupture and delivery, chorioamnionitis, coinfection 
with other sexually transmitted diseases (STDs), illicit drug use, 
and cigarette smoking. 


DIAGNOSIS AND MANAGEMENT 

A critical component of caring for HIV-infected patients is 
knowledge of evidence-based treatment guidelines. Guidelines 
for management of HIV infection in pregnancy are published 
by the Department of Health and Human Services (DHHS) in 
the United States, the European AIDS Clinical Society (EACS) 
and the World Health Organization (WHO). Differences in 
CD4-based criteria for initiation of ARV therapy, preferred 
agents and regimens, and management of infant prophylaxis 
exist between these guidelines. The practitioner caring for 
HIV-infected patients should be familiar with the recommen- 
dations for their region of the world, as well as the availability 
of local resources, such as laboratory testing, ARV agents, 
prevalence of HIV drug resistance and coexisting infections (i. 
e., TB, malaria, Hepatitis B), demographic and sociocultural 
issues, and organizational support for the patients. 


LABORATORY TESTING 

Laboratory testing for HIV infection involves screening with a 
highly sensitive test, usually an enzyme-linked immunosor- 
bent assay (ELISA), also known as enzyme immunoassay, for 
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HIV antibodies. The high sensitivity of the test makes it an 
effective screening tool, but requires a highly specific assay for 
confirmatory testing, such as western blot for antibodies to 
specific viral proteins. Virologic assays (PCR for HIV RNA) 
can be used for confirmatory testing when the western blot is 
indeterminate. Testing for HIV RNA by PCR is also used in 
neonates or when acute HIV infection is suspected. In recent 
years, multiple rapid tests using blood or saliva have been 
introduced for point-of-care testing, but it should be noted 
that all rapid tests require further confirmatory testing because 
of their high false-positive rate. 

After a diagnosis of HIV infection is confirmed, further 
testing includes obtaining the patient’s HIV RNA viral level (or 
viral load), CD4 count, as well as baseline complete blood 
count (CBC), comprehensive metabolic panel, and for 
African-Americans, urinalysis. Screening for coinfection with 
other STDs (gonorrhea, chlamydia, syphilis, hepatitis B and C), 
tuberculosis, and toxoplasma should also be performed. 

The CDC recommends HIV screening for all patients aged 
13 to 64 in health-care settings (18). Repeat HIV testing 
should be offered at least annually to women who use 
injection drugs, have had an STD in the past year, have had 
more than one sexual partner since their most recent HIV 
test, engage in sexual intercourse in exchange for drugs or 
money, or are partners of injection drug users or HIV- 
infected persons. Opt-out screening, in which the patient is 
notified that HIV testing be performed as a routine part of 
gynecologic and obstetric care unless she declines, should 
be performed (19). HIV-uninfected women with a known 
HIV (+) partner should be counseled regarding the risk for 
acquiring the infection and should have a second HIV test 
during the third trimester, before 36 weeks if possible. If such 
a patient presents in labor without a second HIV test, a rapid 
test should be done. Suspicion for acute seroconversion 
should prompt both rapid HIV testing and checking for 
plasma HIV RNA levels (20). 

Laboratory testing for neonates must take into account that 
maternal antibodies cross the placenta and persist in the child’s 
circulation, making tests for HIV antibodies unreliable. 
Exclusion of HIV infection therefore relies on virologic tests 
(Le., p24 antigen testing or plasma HIV RNA levels) done on 
two separate samples drawn after 1 month of age, with at least 
one sample being drawn after 4 months of age. HIV antibody 
tests can be utilized after 6 months of age, but also require 
verification by repeat testing using a second, separately drawn 
sample. In addition to negative laboratory test, the child 
should also have no current or previous AIDS-defining 
condition before being declared as HIV uninfected (21). 

Testing for ARV drug resistance should be done prior to 
starting ARV therapy (whether for therapy or prophylaxis), as 
well as when considering modification of a patient’s drug 
regimen. Assays for HIV drug resistance require that the 
patient has a detectable viral load, which is usually the case in 
untreated individuals and patients failing therapy. 


ARV THERAPY 

The use of highly active ARV therapy has revolutionized the 
management of HIV infection, leading to better quality of life, 
decreased morbidity, prolonged survival, and decreased 
transmission, including MTCT. There are now five different 
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classes of ARV drugs, with 24 individual ARV agents and 
6 additional combination pills available for managing HIV 
infection in the United States. HIV therapy requires the use of 
drug combinations to decrease the development of drug 
resistance and requires a minimum of two, and ideally three, 
fully active agents at a time. As with most chronic infections 
requiring multidrug therapy, addition of a single agent to a 
failing regimen should be avoided as this fosters the 
development of resistance to the added agent. 

Nucleoside reverse transcriptase inhibitors (NRTIs) were 
the first drugs active against HIV to be developed with the 
introduction of zidovudine or azidothymidine in 1987. The 
NRTIs are nucleoside analogs and require intracellular 
phosphorylation in order to become active. They are 
incorporated into the DNA chain and terminate DNA chain 
elongation by acting as nonactive substrates for the viral 
reverse transcriptase. Nonnucleoside reverse transcriptase 
inhibitors (NNRTIs), on the other hand, bind to the reverse 
transcriptase enzyme and induce conformational changes at 
the active site, thereby rendering the enzyme nonfunctional. 
Protease inhibitors (PIs) target the viral protease, an enzyme 
required for cleavage of precursor proteins (gag and gag-pol), 
thereby preventing the final assembly of the inner core of viral 
particles (22). Entry inhibitors block the penetration of HIV 
virions into their target cells by either preventing fusion 
(enfuvirtide) or by blocking the CCR5 coreceptor required for 
entry (Maraviroc). A newer class of ARVs act by inhibiting the 
enzyme required for integration of the transcribed viral 
genome into the host DNA (integrase), aptly named integrase 
inhibitors. Available ARV agents are summarized in Table 1. 

The decision to initiate ARV therapy in adults is based on 
multiple factors, including the presence or absence of AIDS- 
related conditions, other comorbidities (such as hepatitis B 
coinfection or HIV-associated nephropathy), CD4 count, as 
well as the patient’s readiness to start lifelong therapy. There is 
a general consensus that ARV therapy should be started on all 
patients with symptomatic HIV infection as well as asympto- 
matic patients with a CD4 count less than 500 cells/uL. Timing 
of initiation of ARV therapy in asymptomatic patients with 
CD4 counts >500 cells/UL is a subject of continuing debate 
and is not recommended by the WHO or EACS in 
asymptomatic patients without significant coinfection or 
comorbidities (23,24). However, in recent years, data on 
benefits of earlier initiation of ARV therapy have led to 
recommendations in the United States to start ARV therapy 
for all patients with CD4 counts <500 cells/uL and to consider 
starting ARV therapy at CD4 counts >500 cells/uL (25). These 
newer recommendations are based on observational cohort 
studies showing a potential decrease in mortality as well as in 
the incidence of such conditions as HIV-associated nephro- 
pathy, liver disease progression from hepatitis B or hepatitis C, 
cardiovascular disease, malignancies (both AIDS defining and 
non-AIDS defining), neurocognitive decline, and blunted 
immunologic response in patients started on highly active 
ARV treatment therapy at CD4 counts >500 (20). 

It is recommended that all HIV-infected pregnant women 
receive ARV therapy regardless of CD4 or viral load. Use of 
ARV agents in pregnant women should consider two separate, 
but related issues: treatment of maternal HIV infection and 
prevention of MTCT. As in all HIV-infected patients, 
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evaluation of the patient’s HIV viral load and CD4 count 
should be done, as well as initial testing for drug resistance if this 
has not been done previously. Patients with a CD4 count less 
than 200cells/UL should be started on prophylaxis for 
Pneumocystis jiroveci (previously named Pneumocystis carinii) 
using trimethoprim sulfamethoxazole at a dose of 80mg/400mg 
daily. Alternatives include dapsone, atovaquone, or aerosolized 
pentamidine. A patient with CD4 count less than 50 cells/UL is 
at high risk for other opportunistic infections, including 
Mycobacterium avium complex, and prophylaxis using azi- 
thromycin 1200mg weekly is recommended. Like any 
medication taken during pregnancy, the potential benefits of 
therapy should be weighed against potential risk to both the 
mother and the fetus. 

For ARV-naive, nonpregnant patients who meet criteria for 
initiation of ARV therapy, present guidelines recommend the 
use of an NNRTI-based, a PI-based, or an integrase inhibitor— 
based regimen. All regimens would also include two NRTIs. 
Purely NRTI-based regimens, such as Trizivir (a combination 
of zidovudine, lamivudine, and abacavir), are no longer 
recommended as they have been found to have higher rates of 
virologic failure. For an NNRTI-based regimen, the preferred 
agents include efavirenz with emtricitabine and tenofovir 
(available as combination pill Atripla™). Use of efavirenz 
should be avoided during the first trimester of pregnancy, as 
well as in women who are of reproductive age and are not 
taking sufficient steps to avoid pregnancy, given its known 
teratogenicity in animal and human studies. An alternative 
NNRTI-based regimen would include nevirapine with zido- 
vudine and lamivudine (Combivir™). It should be noted that 
nevirapine should be avoided in patients with moderate-to- 
severe hepatic impairment (Child Pugh B or C), as well as 
females with a CD4 count >250 cells/uL as both groups have 
an increased risk for potentially fatal hepatitis. 

Protease-based regimens may also include emtricitabine 
and tenofovir, combined with either atazanavir or darunavir 
boosted with ritonavir. In the pregnant patient, lopinavir 
boosted with ritonavir (lopinavir/r or Kaletra™) is the 
preferred PI. The addition of ritonavir at a low dose (boosting) 
inhibits CYP450 3A4 resulting in an increase in the serum 
levels of most PIs. An integrase inhibitor-based regimen would 
use raltegravir in addition to two NRTIs. 

A list of preferred initial ARV regimens is presented in 
Table 2. 

The following management strategies have been adapted 
mainly from present DHHS guidelines (20) unless otherwise 
stated. Updated versions are available online at www.aidsinfo 
.nih.org. 


ANTEPARTUM CARE 
In reproductive age, nonpregnant HIV-infected women, 
preconception counseling should be done to minimize the 
risk of unintended pregnancies. ARV agents with known 
teratogenic potential, such as efavirenz, should be avoided if 
there is insufficient effort to avoid conception. Ideally, two 
methods of contraception should be used in such circum- 
stances, noting that certain ARV agents decrease the efficacy of 
oral contraceptive pills. 

If the patient desires to conceive, the risks of MTCT should 
be discussed with the patient. In couples with discordant HIV 
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Table 1 Antiretroviral Agents and Common Adverse Effects 


Drug 


NRTIs 
Abacavir (ABC) 


Didanosine (ddI) 


Emtricitabine (FTC) 


Lamivudine (3TC) 


Stavudine (d4T) 


Tenofovir (TDF) 


Zidovudine (AZT, 
ZDV) 


NNRTIs 


Efavirenz (EFV) 


Etravirine (ETR) 


Nevirapine (NVP) 


Protease inhibitors 


Atazanavir (ATV) 


Darunavir (DRV) 

Fosamprenavir 
(f-APV) 

Indinavir (IDV) 

Lopinavir + ritonavir 
(LPV/r) 

Nelfinavir (NFV) 

Ritonavir (RTV) 

Saquinavir (SQV) 

Tipranavir (TPV) 


Entry inhibitors 
Enfuvirtide (T-20) 
Maraviroc (MVC) 


Integrase inhibitors 
Raltegravir (RAL) 


FDA 


pregnancy 
category 


€ 
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Common side 
effects 


Lactic acidosis, hepatic steatosis, lipodystrophy 
Hypersensitivity reaction (can be fatal), rash, 
possible risk of MI 


GI intolerance, peripheral neuropathy, 
pancreatitis, lactic acidosis, noncirrhotic 
portal hypertension 


Highest incidence of lactic acidosis, hepatic 
steatosis, and lipodystrophy 
Peripheral neuropathy, Pancreatitis 

Renal impairment, decreased bone mineral 
density, headache, GI intolerance 

Headache, lactic acidosis, GI intolerance, bone 
marrow suppression 


Rash, including Stevens-Johnson syndrome, 
Drug-drug interactions 

Neuropsychiatric, teratogenic in nonhuman 
primates with reports of neural tube defects 
in human infants following first-trimester 
exposure 


Higher rate of rash, hepatotoxicity (may be 
severe and life threatening, especially in 
women w/CD4 count >250 


Hyperlipidemia, insulin resistance and 
diabetes, lipodystrophy, increased LFTs, 
drug interactions, osteonecrosis 

Hyperbilirubinemia, PR prolongation, 
nephrolithiasis 

Rash, liver toxicity 

GI intolerance, rash, possible increased risk 
of MI 

Nephrolithiasis, GI intolerance 

Possible increased risk of MI, PR, and QT 
prolongation, GI intolerance 

Diarrhea 

GI intolerance, hepatitis 

GI intolerance 

GI intolerance, rash, hyperlipidemia, liver 
toxicity, cases of intracranial hemorrhage 


Infection site reactions, hypersensitivity 
reactions, increased risk of bacterial 
pneumonia 

Drug interactions, abdominal pain, 
hepatotoxicity, rash, URIs 


Nausea, headache, diarrhea, CPK elevation 


Notes 


Test for HLA-B*5701. Do not use if 
patient is HLA-B*5701 positive (high 
risk for hypersensitivity reaction) 

Do not use with stavudine (additive 
toxicities such as lactic acidosis) 


Preferred component of therapy during 
pregnancy 

Do not use with didanosine or 
zidovudine 


Preferred component of therapy during 
pregnancy. 
Do not use with stavudine 
(antagonistic effects on HIV activity) 


A component of Atripla, a combination 
pill used commonly given preferred 
status. Should be used in pregnancy 
only if other agents not tolerated and 
benefits outweigh risk 

Do not use with unboosted PIs, or 
ritonavir-boosted atazanavir, 
fosamprenavir, or tipranavir 

Risk of hepatotoxicity higher in first 
18 months of therapy, hepatitis B or 
C coinfection, women w/CD4 count 
>250, men w/CD4 count >400 cells/uL 


Do not use with indinavir (additive 
hyperbilirubinemia) 


Do not use with atazanavir 
Preferred component of therapy during 
pregnancy 


Abbreviations: LFTs, liver function tests; GI, gastrointestinal; MI, myocardial infarction; URIs, upper respiratory infections; CPK; creatine phosphokinase; PIs, 
protease inhibitors. Source: From Ref. 20. 
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Table 2 Preferred Initial Antiretroviral Regimen 


NNRTI based Tenofovir/emtricitabine/efavirenz 
daily 

Atazanavir boosted with ritonavir + 
tenofovir/emtricitabine daily 

Or 

Darunavir boosted with ritonavir + 
tenofovir/emtricitabine 

Raltegravir + tenofovir/emtricitabine 

Lopinavir boosted with ritonavir + 
zidovudine/lamivudine 


PI based 


Integrase inhibitor based 
Pregnancy 


Source: From Ref. 20. 


status, alternative methods for conception, such as in vitro 
fertilization, should be explored to decrease the risk to the 
HIV-uninfected partner. Ideally, the patient’s HIV viral load 
should be suppressed to undetectable levels prior to concep- 
tion. Modifiable factors that decrease MTCT, including 
avoiding alcohol and illicit drug use, smoking cessation, and 
STD prevention, should be addressed. 

The present consensus for the management of HIV 
infection in pregnancy is that of recommending ARV therapy 
or prophylaxis to all pregnant HIV-infected women, regardless 
of plasma HIV RNA levels. The benefits and risks of therapy 
should be individualized and discussed with the patient, with 
particular emphasis on the importance of adherence to drug 
therapy. Every attempt should be made to coordinate 
comprehensive services for such patients before, during, and 
after delivery. 

In pregnant HIV patients who have indications for initiation 
of ARV therapy, the goals of ARV therapy include control of 
HIV viremia to undetectable levels, immune reconstitution to 
avoid opportunistic infections, and decreased MTCT. As with 
other HIV patients, multiple factors should be considered 
when designing a drug regimen, including comorbidities, 
patient adherence potential, convenience, potential adverse 
effects, drug interactions, and results of genotypic resistance 
testing. In addition, pharmacokinetic (PK) changes in 
pregnancy (particularly with PIs) and potential teratogenic 
effects on the fetus and other adverse effects on the fetus or 
newborn would also need to be considered. ARV agents with 
teratogenic potential, such as efavirenz, should be avoided 
particularly during the first trimester unless the risk is 
outweighed by the anticipated benefits. 

Patients who are already on effective therapy (i.e., with 
undetectable HIV viral load) for their HIV infection should 
continue the same regimen, with the exception of efavirenz in 
the first trimester. Patients with detectable viral load should 
have genotype testing for drug resistance in an effort to design 
an optimized drug regimen. Patients may require modifica- 
tions of their ARV regimen, with particular attention to the 
factors previously noted. For patients who meet criteria for 
initiation of ARV therapy, the preferred initial regimen 
consists of zidovudine and lamivudine (available as a 
combination pill Combivir) and lopinavir boosted with 
ritonavir (available as a combination pill Kaletra) taken twice 
a day. All regimens should include zidovudine if possible, as 
this drug has the best evidence-based data to support efficacy 
in reducing MTCT and also has good safety data for use during 
pregnancy (8). Alternative regimens include zidovudine/ 
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lamivudine with either (i) another PI, such as atazanavir/ 
ritonavir, indinavir/ritonavir, nelfinavir, or saquinavir/ritona- 
vir or (ii) an NNRTI such as nevirapine. Efavirenz use after the 
first trimester can be considered if other alternatives are not 
tolerated. Nevirapine should not be started in pregnant 
women with CD4 counts >250 cells/uL unless the anticipated 
benefits outweigh the potential risk of severe, sometime fatal 
hepatotoxicity. ARV therapy can be started during the first 
trimester if indicated for maternal health. 

Patients who do not meet criteria for initiating ARV therapy 
(asymptomatic, CD4 counts >> 500 cells/uL, low-level 
viremia) should still be advised to take ARV therapy to 
decrease maternal viremia and provide prophylaxis for the 
fetus in an attempt to decrease MTCT. As most drug 
teratogenic effects occur early in the first trimester while 
majority (but not all) of maternal-to-child infections occur 
during late pregnancy and delivery, it would be worthwhile to 
wait until 10 to 12 weeks of gestation before starting antiviral 
therapy. However, this approach leaves the fetus exposed to 
persistent viremia for several weeks, and the risks and benefits 
of starting ARV therapy early versus waiting until the second 
trimester should be discussed with the patient. 

Combination three-drug therapy with zidovudine/ 
lamivudine and lopinavir/ritonavir would still be recom- 
mended in the United States as this regimen appears to be safe 
and effective in decreasing MTCT. Alternative regimens (first- 
line regimens per WHO guidelines) include either zidovudine/ 
lamivudine or tenofovir/lamivudine plus either nevirapine or 
efavirenz, noting that efavirenz should be avoided during the 
first trimester of pregnancy). Concerns over fetal exposure to 
multiple drugs during pregnancy may prompt the use of 
monotherapy with zidovudine as an alternative if the patient’s 
viral load is less than 1000 copies/mL. This approach, derived 
from the original Pediatric AIDS Clinical Trial Group 
(PACTG) study to reduce MTCT published in 1994, has been 
a mainstay in the WHO guidelines particularly because of its 
availability in resource-limited areas. In the United States, the 
use of zidovudine monotherapy as maternal prophylaxis for 
reduction of MTCT is now controversial and is generally not 
recommended particularly for patients with higher HIV viral 
RNA levels. ARV therapy given only to decrease MTCT can be 
discontinued following delivery if there is no indication for 
therapy for the mother and/or if there are no plans for breast- 
feeding. 

There are conflicting data as to whether ARV drugs are 
associated with adverse outcomes such as preterm delivery, with 
some studies showing up to a twofold increase in risk while 
others fail to demonstrate any increased risk for preterm 
delivery. Patients on PIs were found in a recent meta-analysis to 
be at slightly higher risk for premature delivery (odds ratio 1.35) 
compared with those on regimens without a PI (26). There is 
also concern regarding mitochondrial dysfunction in neonates 
exposed to NRTIs, but this occurs rarely. These risks should be 
discussed with the patient, but are generally thought to be 
outweighed by the significant benefit of improved maternal 
health and decreased MTCT of HIV infection. Pregnant patients 
on ARV therapy should be enrolled in the ARV pregnancy 
registry available online at www.APRegistry.com. 

As there remain limited data on the effects of ARV therapy 
on the fetus, a second ultrasound during the second trimester 
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is generally recommended to assess fetal anatomy in addition 
to the staging ultrasound done in the first trimester. Although 
no perinatal transmission of HIV infection has been 
documented following amniocentesis in patients taking ARV 
therapy, a small risk of MTCT cannot be ruled out. Therefore, 
amniocentesis should be performed only after initiation of 
ARV therapy or prophylaxis and ideally with undetectable HIV 
viral RNA levels. Plasma RNA levels should be rechecked at 
34 to 36 weeks to guide the decision regarding the preferred 
mode of delivery. 


INTRAPARTUM MANAGEMENT 

Patients already on ARV therapy should be continued on their 
regimen, with the oral route being preferred whenever 
possible. Intravenous zidovudine is recommended for all 
HIV-positive women during labor, even if drug resistance to 
this drug has been documented. If the patient was taking 
zidovudine as part of a combination regimen, the other 
components of her ARV therapy should also be continued. 
Zidovudine should be given at a dose of 2mg/kg IV over 
1 hour, followed by an infusion of 1 mg/kg/hour until the time 
of delivery, and should ideally be started 3 hours prior to 
surgery in the event of planned caesarian section. This dose is 
based on the original protocol used in the PACTG 076 (8) 
published in 1994, which demonstrated a marked reduction in 
MTCT from 25.5% in the placebo group to 8.3% infants in the 
zidovudine group. Stavudine (d4T) should be discontinued 
when administering zidovudine because of antagonism 
between these two drugs. 

Patients presenting in labor with unknown HIV status 
should have a rapid antibody test performed. A positive result 
should prompt administration of intravenous zidovudine to 
the mother and the infant, with continuation of infant 
prophylaxis for 6 weeks. Please see Table 3 for specific dosing. 
A confirmatory maternal HIV test should be done postpartum, 
with discontinuation of infant prophylaxis if the test is negative. 

Patients should be counseled regarding risks and benefits 
of caesarian versus vaginal delivery. In general, HIV-infected 
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patients undergoing caesarian delivery are at higher risk for 
surgical complications compared with HIV-infected women 
undergoing vaginal delivery, as well as compared with HIV- 
uninfected women undergoing caesarian delivery. However, 
these risks do not outweigh the benefit of decreased 
transmission to those at high risk. Therefore, women whose 
HIV RNA levels are unknown or >1000 copies/mL near the 
time of delivery should be scheduled for elective caesarian 
delivery around 38 weeks of gestation regardless of whether 
or not they are on ARV therapy. The benefits of caesarian 
delivery after rupture of membranes remain unclear, and 
the decision as to mode of delivery in such cases should 
be made after considering other clinical factors. Likewise, 
caesarian delivery for patients with HIV RNA levels 
<1000 copies/mL may not decrease the rate of perinatal 
transmission any further. 

Procedures that risk fetal exposure to maternal blood have 
been suggested to increase MTCT by some authors. Older data 
have suggested up to a twofold increase in MTCT in these 
situations, but more recent observation studies have shown 
much less risk, particularly with the use of ARV therapy. 
Although limited data exist, invasive fetal monitoring (e.g., 
fetal scalp electrodes) should be avoided unless obstetrically 
indicated and the duration is expected to be short. Operative 
vaginal delivery using forceps or vacuum extractor as well as 
episiotomy would theoretically have an increased risk of 
transmission but should not be delayed if clear obstetric 
indications exist (27,28). 

The use of methergine, a drug metabolized through the 
hepatic CYP3A4 pathway, for postpartum hemorrhage should 
be avoided in women receiving PIs (potent CYP3A4 enzyme 
inhibitors) because of the risk of exaggerated vasoconstrictive 
response. If other alternatives (oxytocin, misoprostol, PGF2 
alpha) are not available, a lower dose should be used and the 
duration of use should be minimized. Conversely, if 
methergine must be used in a patient taking a potent CYP3A4 
inducer (such as efavirenz), additional uterotonic agents may 
be needed given the possibility of lower methergine levels. 


Table 3 Intrapartum Maternal and Neonatal Zidovudine (ZDV) Dosing for Prevention of Mother-to-Child Transmission 


of HIV 


Dosing 


Maternal intrapartum 
1mg/kg/hr 

Neonatal 
>35 weeks of gestation 2mg/kg/dose oral 


Or 


2mg/kg IV over 1 hour, followed by continuous infusion of 


Duration 


Onset of labor until delivery of infant 


Birth to 6 weeks 


1.5mg/kg/dose IV started within 6-12 hours of delivery, 


then every 6 hours 
2mg/kg/dose oral 
Or 


<35 to >30 weeks of gestation 


1.5mg/kg/dose IV started within 6-12 hours of delivery, 
then every 12 hours, advanced to every 8 hours at 2 weeks 


of age 
2mg/kg/dose oral 
Or 


<30 weeks of gestation 


1.5mg/kg/dose IV started within 6-12 hours of delivery, 
then every 12 hours, advanced to every 8 hours at 4 weeks 


of age 
Source: From Ref. 20. 


HUMAN IMMUNODEFICIENCY VIRUS (HIV) 


POSTPARTUM MANAGEMENT 

HIV-infected patients are commonly faced with multiple 
medical and social challenges, making the coordination of 
maternal postpartum follow-up between obstetric, pediatric, 
and HIV specialists even more important. The need for 
continued counseling and comprehensive medical care cannot 
be overemphasized in this period. Supportive services should 
ideally be assured prior to discharge, including obstetric/ 
gynecologic, pediatric, HIV specialty care and mental health 
services, substance abuse counseling, family planning services, 
and social work/case worker services. 

The decision regarding continuation of maternal ARV 
therapy during this period would depend on the CD4 count 
nadir (lowest documented level), clinical symptoms, disease 
stage, presence of other indications for ARV therapy (e.g., 
chronic hepatitis B infection), and patient and provider 
preference. Patients who have had symptomatic HIV infection 
or are known to have had a CD4 count below the established 
criteria for starting treatment for asymptomatic patients 
should be encouraged to continue their ARV regimen. They 
should also be advised regarding potential challenges with 
regard to compliance in light of the physiologic and lifestyle 
changes associated with the postpartum period. 

If the only indication for initiation of ARV therapy was to 
reduce MTCT, then consideration can be given to stopping 
ARV therapy after delivery. Because NNRTIs have much 
longer half-lives than drugs from other classes, patients on 
NNRTIs should be advised to take their NRTIs for at least 
7 to 30 days after stopping their NNRTI (NRTI tail) to avoid 
development of NNRTI resistance. An alternative approach is 
to substitute a PI for the NNRTI, continuing the regimen for 
7 to 30 days, and then stopping all ARV drugs at the same 
time. This becomes important when the patient presents with 
a need for ARV therapy, whether for maternal indications or 
for prophylaxis during subsequent pregnancies. Even single- 
dose nevirapine, if given without an NRTI tail within the 
prior 12 months, would necessitate the empiric use of a non- 
NNRTI-based regimen (i.e. protease- or integrase-based 
regimen) (24). 

Women with positive rapid HIV test result in labor should 
have their confirmatory tests done prior to discharge, as this 
would have important implications on infant prophylaxis and 
breast-feeding options. Further management of newly con- 
firmed HIV infection at this stage would be similar to that of 
any other newly diagnosed HIV patient. 

Ideally, the risk of HIV transmission through breast-feeding 
would have been discussed with the patient prior to delivery 
and would be reiterated at this phase. In resource-rich areas 
where safe alternatives are available and culturally acceptable, 
such as in the United States, breast-feeding is not recommended. 
MTCT through breast-feeding is a well-documented phenom- 
enon even in patients on ARV therapy, and for patients on 
ARV therapy, limited data on pharmacokinetics of ARV drugs 
in breast milk can pose issues related to drug toxicity or drug 
resistance if drug levels in breast milk are too high or too low. 
It should be noted that in resource-limited areas where there is 
limited access to nutritional alternatives or clean water, the 
benefits of breast-feeding outweigh the risk of MTCT and 
should be encouraged. Withholding breast-feeding in such 
scenarios results in increased mortality not only from diarrheal 
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illnesses, but also from other locally prevalent infectious 
diseases such as tuberculosis and malaria, as poor nutritional 
status increases susceptibility to these diseases. 

Contraceptive counseling is critical to prevention of MTCT. 
Condom use is important for prevention of HIV and STD 
transmission, although the unintended pregnancy rate is high 
with condom use alone. It should be noted that drug 
interactions between oral contraceptives and many PIs and 
NNRTIs could potentially decrease the efficacy of oral 
contraceptive pills, so more than one method of contraception 
should be in place at any given time. For women who are 
certain they do not wish future childbearing, thorough 
counseling and discussion about permanent contraceptive 
methods should be done (20). 


NEONATAL POSTNATAL CARE 

Infants born to mothers with unknown HIV infection status 
should have rapid HIV antibody testing of the mother or 
infant performed. If the rapid test is found to be positive, ARV 
prophylaxis should be started immediately while waiting for 
the confirmatory tests. If the confirmatory test is negative, then 
ARV prophylaxis should be discontinued. A positive con- 
firmatory test for HIV antibodies should be followed by a 
virologic test (HIV RNA by PCR) done on the neonate. A 
positive virologic test on the neonate should prompt 
immediate referral to a pediatric HIV specialist for confirma- 
tion and initiation of combination ARV therapy as well as 
pneumocystis pneumonia (PCP) prophylaxis. 

All newborns with known ARV exposure in utero should 
have a CBC with differential performed as a baseline before 
starting zidovudine, with follow-up depending on the results 
as well as other clinical factors (gestational age, medications, 
maternal antepartum therapy, etc.). Liver function tests should 
also be checked in infants exposed to ARV therapy in utero. If 
the infant develops severe clinical symptoms of unknown 
etiology, particularly of the CNS, serum lactate levels should be 
checked, and ARV prophylaxis discontinued if levels are found 
to be elevated. Consultation with a pediatric HIV specialist is 
recommended if significant abnormalities are found with the 
above tests. 

Diagnosis of HIV infection in infants <18 months of age 
involves the use of virologic tests (HIV RNA levels), which 
should be done at age 14 to 21 days, 1 to 2 months, and 4 to 6 
months. Some experts would also test at birth. Oral PCP 
prophylaxis using trimethoprim sulfamethoxazole should be 
initiated at 4 to 6 weeks unless HIV infection has been ruled 
out. PCP prophylaxis is indicated in HIV-infected infants 
regardless of CD4 count and should be continued until they 
are 1 year of age. At 1 year of age, PCP prophylaxis should be 
continued if the child’s CD4 count is <500 cells/UL or <15% 
(29). Physical examination of the newborn, as well as maternal 
risk factors and laboratory studies, should guide specific 
testing for coinfection with other agents (cytomegalovirus, 
herpes simplex virus, hepatitis B and C, syphilis, toxoplasmo- 
sis, or tuberculosis) as appropriate. 

A 6-week course of zidovudine chemoprophylaxis is 
recommended for all HIV-exposed neonates in the United 
States, ideally initiated within 6 to 12 hours of delivery. It may 
be appropriate to shorten the course to 4 weeks in situations 
where concerns exist regarding adherence or toxicity, as the 
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optimal duration for neonatal chemoprophylaxis is not 
known. In other countries, such as the United Kingdom and 
Ireland, a 4-week course is the recommended regimen, while 
WHO guidelines indicate a 4- to 6-week course of zidovudine 
to be appropriate. Please see Table 3 for specific dosing for 
zidovudine. 

Consultation with a pediatric HIV specialist should be done 
when dealing with premature babies or when use of additional 
ARV agents is being considered because of increased 
transmission risk, such as those with higher maternal HIV 
RNA levels near delivery or had vaginal delivery. 

Children with significant organ system abnormalities of 
unknown etiology (particularly of the CNS or heart) should be 
evaluated for mitochondrial dysfunction. As other possible 
early and late effects of in utero ARV drug exposure are not 
fully known, follow-up should include a yearly physical 
examination into adulthood, particularly given the theoretical 
risk of carcinogenicity of nucleoside analogs. 


HIV MANAGEMENT IN RESOURCE-LIMITED SETTINGS 
HIV management in resource-limited settings, where the vast 
majority of perinatal transmission occurs, presents multiple 
challenges during all stages of pregnancy, and significant 
differences exist between U.S. (DHHS and UNAIDS) and 
WHO guidelines. These differences result from limited 
availability of maternal prenatal HIV testing and limited access 
to ARV drug therapy. The benefits of earlier initiation of ARV 
therapy in asymptomatic patients in much of the world is 
thwarted by limited availability and access to ARV drugs, 
systems for delivering medical care, monitoring therapy, 
management of drug toxicity, and assessing drug resistance 
and having alternative drug regimens for patients with known 
or suspected drug resistance. 

An NNRTI-based regimen (nevirapine or efavirenz with 
either lamivudine/zidovudine or tenofovir/emtricitabine) is 
recommended in the WHO guidelines as first-line therapy for 
maternal prophylaxis to prevent MTCT (as opposed to the 
United States, where this regimen is considered as an 
alternative to a lopinavir/ritonavir-based regimen). In addi- 
tion, monotherapy with zidovudine starting at 14 weeks 
remains an option, followed by single-dose intrapartum 
nevirapine and a 1-week NRTI tail consisting of lamivudine 
and zidovudine. 

Despite the well-documented risk of MTCT of HIV 
infection through breast-feeding, the much greater risk of 
mortality from malnutrition and infections makes breast- 
feeding necessary in many areas. Multiple options have been 
studied in such a scenario where breast-feeding is deemed 
necessary. Breast-feeding mothers on triple ARV agents for 
their own health are advised to continue doing so, while the 
infant should continue to receive the standard twice-daily 
zidovudine for 4 to 6 weeks. Breast-feeding mothers who are 
on triple ARV agents for prophylaxis should continue doing so 
until 1 week after cessation of breast-feeding, while the infant 
continues 4 to 6 weeks of zidovudine. Breast-feeding mothers 
who were only on zidovudine for prophylaxis should receive a 
single dose of nevirapine at the start of labor, as well as 
lamivudine and zidovudine at the start of labor up to a week 
following delivery. In such cases, the infant should receive 
nevirapine from birth up 4 to 6 weeks, or up to a week after 
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stopping breast-feeding, if cessation of breast-feeding is done 
earlier. 

These recommendations were based on recent trials, 
including one done in Malawi comparing maternal with 
child HIV transmission during a 4-week breast-feeding 
period. This study showed a higher risk of transmission in 
the placebo group receiving only single-dose nevirapine and 
7 days of zidovudine/lamivudine (5.7%) compared with 
infants who received nevirapine for 28 days (1.7%, p < 0.001) 
and breast-feeding mothers on ARV therapy for 28 days 
(2.9%, p = 0.009) (30). It has also been shown that three-drug 
maternal ARV therapy, whether NRTI, NNRTI, or PI based, 
showed similar rates of virologic suppression and decreased 
MTCT to 1.1% (31). 

A simplified dosing regimen has been developed for use in 
resource-limited settings for infant prophylaxis. This regimen 
includes the use of zidovudine 10mg twice a day for infants 
weighing less than 2.5kg at birth, and 15mg twice a day for 
infants weighing more than 2.5kg at birth. Another alter- 
native approach has been to give a daily dose of nevirapine for 
4 to 6 weeks. Use of combination therapy has been used, but 
has not been proven to be additional benefit. 

The field of HIV management continues to change rapidly. 
Updated guidelines are available online at www.aidsinfo.nih. 
gov as well as at the American College of Obstetricians and 
Gynecologists and WHO Web sites. In the United States, the 
National Perinatal HIV hotline (1-888-448-8765) also pro- 
vides free clinical consultation on all aspects of perinatal 
HIV care. 
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8 5 Other viral infections 
Stanley A. Gall 


HUMAN PAPILLOMA VIRUS 

Human papillomavirus (HPV) is an icosahedral, non- 
enveloped, double-stranded deoxyribonucleic acid (DNA) 
virus of approximately 55nm in diameter (1). The genome 
of HPVs consists of approximately 8 kilobase paired molecules 
of circular, double-stranded DNA. All the proteins are 
encoded on one of the two DNA strands. All papilloma 
viruses share a similar genomic organization consisting of an 
early (E) gene region, a late (L) gene region, and a regulatory 
region. The five “early” proteins (El, E2, E5, E6, E7) are 
required for viral replications and/or cellular transformation. 
Transformation of the “late” structural L1 and L2 transcripts 
and of the El to E4 spliced transcript is restricted to 
differentiating epithelium where viral assembly occurs (2,3). 
The L1 protein comprises the majority of the virus shell. The 
L1 gene is the most highly conserved gene among individual 
types. The L2 protein of 77 kDa is known as the minor capsid 
protein because it contributes a smaller percentage of the 
capsid mass than does the L1 protein. 

More than 100 different types of HPV have been identified 
and fully sequenced and at least an additional 50 to 100 
putative types have been partially characterized (4). HPV types 
are assigned numbers/designations when the DNA sequence 
has been established and a comparison with previously known 
types has found less than 90% sequence identity in the L1, E6, 
and E7 genes of the virus (5). An isolate with more than 90% 
homology to a known HPV type is classified as a subtype. 

All HPV types are epitheliotropic and fully differentiated 
squamous epithelium is required for completion of the HPV 
life cycle. HPV infects keratinocytes, the predominate cells of 
epithelial surfaces. It is believed that only basal or undiffer- 
entiated keratinocytes are infected. The viral replication cycle 
is complicated as the keratinocytes undergoes the process of 
differentiation. Virus is assembled in the nuclei of most 
differentiated keratinocytes and can be detected in these cells 
as desquamation occurs from the epithelium (6). 

HPV is transmitted by close contact with desquamated 
keratinocytes from an infected individual. The desquamated 
keratinocytes contain viral particles that are thought to infect a 
new host through microabrasions in the epithelial surface (7). 

Approximately 40 HPV types infect the genital tract. HPV 
infection of the human genitalia causes a range of clinical states 
including asymptomatic infections, genital warts, abnormal 
pap smears, preinvasive and invasive cervix, and vaginal and 
vulval cancers (8). The different HPV types can be subdivided 
into two categories: “high risk and “low risk” based on whether 
the HPV could be found in cancer specimens. The “low-risk” 
types such as HPV-6 and HPV-11 are associated with benign 
hyper-proliferative lesions commonly referred to as genital 
warts or condyloma acuminata and cause abnormal pap 
smears and low-grade dysplastic lesions (9). “High-risk” HPV 


types such as HPV-16 and HPV-18 cause low- and high-grade 
dysplastic lesions of the cervix and invasive cervical cancer. Other 
HPV-related genital malignancies include vulval cancer (10), 
vaginal cancer, and anal cancer (11). Approximately 45% of 
penile cancer is associated with HPV (12). HPV-16 causes more 
than 50% of the non-cervical genital tract cancers. The HPV 
types most commonly associated with anogenital lesions are 
HPV-6, -11, -16, -18, -31, -33, -35, -45, -52, and -58 (13). 


Epidemiology 
Genital HPV infection is primarily transmitted through sexual 
intercourse. In, virtually, all studies of HPV prevalence and 
incidence, the constant predicators of infection have been 
measures of sexual activity, most importantly the number of 
sex partners (lifetime and recent) (14,15). Transmission 
of HPV through other types of genital contact in the absence 
of penetrative intercourse (ie., oral genital, manual genital, 
genital—genital contact) has been described but is less common 
than that through sexual intercourse. Genital HPV transmis- 
sion by nonsexual routes is uncommon. Nonsexual routes 
include transmission from a mother to a newborn baby (16). 
The 2002 National Survey of Family Growth indicated that 
24% of females in the United States were sexually active by age 
15 years (17) increasing to 40% by age 16 years and 60% by 
age 18 years. 


Natural History of HPV Infection 

The majority of HPV infections are transient and asympto- 
matic and cause no clinical problems. The majority (70%) of 
new HPV infections clear within 1 year and approximately 
90% clear within 2 years (15,18). The median duration of new 
infections is 8 months. Persistent infection with the same high- 
risk oncogenic HPV is a prerequisite for cervical cancer 
precursors and invasive cervical cancer (19). 


HPV Prevalence and Incidence in the United States 
It is estimated that 6.2 million new HPV infections occur every 
year among persons aged 14 to 44 years (20, 21). 

This is an underestimate as HPV infections occur in persons 
younger than age 14 and over 44 years (22, 23). Modeling 
estimates suggest that >80% of sexually active women will 
have acquired genital HPV by age 50 (24). 

HPV infections are not reportable diseases. The HPV 
disease spectrum includes abnormal cytology, genital warts, 
low-grade squamous intraepithelial lesion (LGSIL), -high- 
grade squamous intraepithelial lesion (HGSIL), carcinoma in 
situ, adenocarcinoma, and invasive squamous cell carcinoma 
(Table 1). Evaluations from gynecologic exams from a variety 
of offices and clinics have documented the prevalence of HPV 
DNA ranging from 14% to 90% (25). Prevalence was the 
highest among sexually active females aged <25 years and 
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Table 1 Incidence of Human Papillomavirus Spectrum 
Diseases Annually in the United States 


Cervical cancer (21) 11,000 

HGSIL (22) 330,000 

LGSIL (22) 1,400,000 
Genital warts (23) 1,000,000 
Abnormal cytology 1.5-2.0 million 


Abbreviations: HGSIL, high-grade squamous intraepithelial lesion; LGSIL, 
low-grade squamous intraepithelial lesion. 


decreasing with age (26). In a study of sexually active women 
aged 18 to 25 years, the prevalence of any HPV was 26.9%. 
Prevalence of types 6 or 11 was 2.2% and prevalence of types 
16 or 18 was 7.8% (27). Prevalence was the highest among 
women aged 20 to 24 years (44.8%). 

Studies of incident HPV infections that have evaluated HPV 
DNA detection over time demonstrate that acquisition occurs 
soon after sexual debut. In a prospective study of college 
women in the United States, the cumulative probability of 
incident infection was 38.9% by 24 months after first sexual 
intercourse. HPV-6 acquisition was highest (10.4%); 5.6% had 
acquired HPV-18 (14). 


Clinical Sequelae of HPV Infection 

In the United States, approximately 50 million women 
undergo annual pap cytologic testing; approximately 3.5 to 
5.0 million of these tests will require follow-up including 2.0 
to 30 million with atypical squamous cells of undetermined 
significance (ASC-US), 1.25 million LGSIL, 300,000 HGSIL, 
and 1.0 million with genital warts (28). 

All anogenital warts (condylomata) are caused by HPV and 
approximately 90% are associated with HPV types 6 and 11. 
The average time for the development of new anogenital warts 
after infection with HPV types 6 and 11 is 2 to 3 months. Not 
all persons who acquire HPV types 6 and 11 develop warts. 
Approximately 30% of warts regress spontaneously except 
during pregnancy or in states of immunosuppression when the 
rate of regression is much lower. 

Reoccurrence of anogenital warts tends to be more common 
following periods of immunosuppression, either exogenous or 
endogenous. Infection with HPV resulting in clinical genital 
warts will lead to activation of cell-mediated immunity, which 
will prevent infections with the same HPV type. However, 
since many HPV infections are not cleared but become latent, 
immunosuppression will be followed by either active genital 
warts or abnormal cytology. In a majority of women who 
develop genital warts during pregnancy, by 6 weeks post- 
partum, the genital warts are totally resolved or dramatically 
decreased in size. 

Infection in the tracheobronchial tree with HPV types 6 ad 11 
may result in recurrent respiratory papillomatosis (RRP), a 
disease characterized by recurrent warts or papillomas in the 
upper respiratory tract, particularly the larynx. RRP is divided 
into juvenile onset (JORRP) and adult onset based on diagnosis 
before or after 18. JORRP is believed to result from vertical 
transmission of HPV from mother to infant during delivery, 
although the median age of diagnosis is 4 years. A multicenter 
registry of JORRP during 1999 to 2003 demonstrated that 
although the clinical course of JORRP was variable, it is 
associated with extensive morbidity, requiring a median of 
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13 lifetime surgeries to remove warts and maintain an open 
airway. Estimates of the incidence of JORRP range from 0.12 
to 2.1 cases per 100,000 children aged <18 years in two cities 
(29,30). 


Prevention of HPV Infection 

Condom use may reduce the risk for HPV and HPV spectrum 
diseases (e.g., genital warts and cervical cancer). Pap testing 
can detect precancerous changes in the cervix by evaluation of 
cytology, and HPV vaccines can prevent HPV diseases due to 
HPV types in the HPV vaccines. 

At the current time, two HPV vaccines are licensed by FDA. 
The vaccine licensed in June 2006 was the quadrivalent HPV 
vaccine (HPV types 6, 11, 16, 18) Gardasil® manufactured by 
Merck & Co. The second HPV vaccine, a bivalent vaccine 
(HPV types 16,18) Cervarix® licensed by the FDA in October 
2009, was manufactured by GlaxoSmith Kline. The quad- 
rivalent vaccine is licensed for women for the prevention of 
HPV types 6, 11, 16, 18 related cervical, vaginal, and vulval 
cancer precursor and dysplastic lesions and genital warts. In 
October 2009, the quadrivalent vaccine was licensed by the 
FDA for the prevention of genital warts on males of age 9 to 
26 years. The bivalent vaccine, Cervarix, has been licensed for 
the prevention of cervical cancer precursors and cervical 
cancer due to HPV types 16 and 18 (Table 2). 


Recommendations for Vaccine Use 

Advisory committee on immunization practices (ACIP) 
recommends routine vaccination of males and females aged 
11 to 12 years with three doses of quadrivalent HPV vaccine. 
The vaccine series can start as early as age 9 years. Vaccinations 
are also recommended for males and females aged 13 to 26 who 
have not previously been vaccinated or who have not completed 
the full series. The recommendation for the bivalent vaccine is 
similar but does not have the male indication. 

At this time, neither HPV vaccines are recommended for use 
in pregnancy. However, pregnancy testing is not needed before 
vaccination. Any exposure to the vaccine during pregnancy 
should be reported to the appropriate vaccine registry: 


1-800-986-8999 (Merck + Co) for quadrivalent 
vaccine 

1-888-452-9622 (GlaxoSmith Kline) for bivalent 
vaccine 


MOLLUSCUM CONTAGIOSUM 

Molluscum Contagiosum is a human disease with a worldwide 
distribution and is found in persons of all age and caused by 
members of the Poxvirus group (31). The disease is spread by 
sexual intercourse or fomites. 

The disease is characterized by a long incubation period 
from 2 weeks to 2 months. The disease presents by the 
appearance of firm, shiny, flesh-colored lesions that become 
pearly white and umbilicated and discharge a caseous material. 
The lesions are characterized by proliferation, hyperplasia, 
thickening, and degeneration of the epidermis. The infected 
cells become enlarged and develop large intracytoplasmic 
eosinophilic hyaline inclusion bodies. The lesions are not 
pruritic and they measure 1 to 5mm in diameter but may form 
larger clusters. The lesions typical of molluscum contagiosum 
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Table 2 Differences in Human Papillomavirus Vaccines Currently Licensed by FDA 


Quadrivalent, Gardasil®* 


Licensed by FDA for women June 2006 
Licensed by FDA for males October 2009 
HPV types in vaccine G e E e 


Licensed to prevent 


Age of vaccine recipients 9-26 years 
Recommended by ACIP—women June 2006 
Recommended by ACIP—males October 2009 
Vaccine administrators’ schedule 0, 2, 6 months 


Vaccine Information statement (VIS), CDC. 
practices. 


are characterized by complete lack of immunocompetent cells 
in the epithelial component of the lesions (32). 

The principal sites of involvement include the eyelids, face, 
trunk, and anogenital areas. Molluscum lesions evolve over 1 
to 2 months and are frequently traumatized resulting in 
autoinoculation. Secondary bacterial infections may occur. 
The lesions may persist for as long as 1 year but have persisted 
longer. Spontaneous regression without scarring usually 
occurs and recurrences are rare. Patients who are immuno- 
suppressed may develop extensive involvement (33). 

The diagnosis of molluscum contagiosum is usually made 
by inspection of the characteristic umbilicated white papule. 
The differential diagnosis includes lichen planus, verrucous 
papules, basal cell epithelioma, and pyogenic granuloma. If the 
diagnosis is in doubt, the caseous material should be examined 
for intracytoplasmic eosinophilic inclusions. Treatment by 
sharp curettage or expression of porous material will facilitate 
healing without scarring. 


INFLUENZA 
See chapter on Maternal Immunization (Chapter 71). 


PARVOVIRUS 

Epidemiology 

The human parvovirus B19 is a member of the DNA virus 
family Parvoviridae (34). This virus is one of the smallest known 
DNA viruses approximately 18 to 25nm in size, about 5.5kb in 
length, and with single-stranded DNA (34). The virus lacks an 
envelope, but does code for at least two major structural or 
capsid proteins and at least one nonstructural protein. 

The human parvovirus B19 was first discovered by British 
investigators in 1975 while screening blood specimens for 
hepatitis B antigen. Subsequently, B19 was found to be 
associated with aplastic anemia crisis and erythema infectio- 
sum or “fifth disease” (34,35). This virus has also been 
associated with chronic bone marrow suppression, arthritis or 
arthropathy, fetal hydrops, and purpura. 

Infection with parvovirus B19 is worldwide and is 
commonly seen in children aged 5 to 14 years. Outbreaks 
are most common in winter and spring, but there is a year-to- 
year variation in incidence. Estimates of positive seropreva- 
lence rates in adults range from 28% to 72% (34,36). 

Parvovirus is mildly contagious with an infection rate of 
30% following primary exposure. The highest rates of 
secondary infection are seen in household exposure where 
the infection rate is as high as 50% (37). 


Genital warts, precursor lesions, and cancer 
of cervix, vagina, and vulva 


Bivalent, Cervarix®* 


October 2009 

None 

16, 18 

Precursor lesions and 
cancer of cervix 

9-26 years 

October 2009 

None 

0, 1, 6 months 


*March/30/2010. Abbreviations: HPV, human papillomavirus; ACIP, advisory committee on immunization 


Transmission of the virus is by respiratory droplets, and 
the incubation period is 4 to 14 days. Viremia develops 7 to 8 
days after initial infection, lasting approximately 4 days (34). 
The rash associated with B19 appears following the viremic 
phase. The primary host is no longer infectious once the rash 
appears. Initial infection and seroconversion provide the host 
with lifelong immunity and reinfection is rare. 


Pathophysiology 

Parvovirus B19 viral replication and encapsulation take place 
in the host cells’ nucleus. Host cell enzymes are used in viral 
replication. Rapidly dividing cells are preferentially infected, 
perhaps a product of S phase of cell replication, a requirement 
for viral growth. Parvovirus B19 is particularly trophic and 
cytotoxic for erythroid progenitor cells (34,35). 

Following initial incubation and viremia, there is a transient 
inhibition of erythropoiesis, and reticulocytopenia occurs in 
the infected host. Similar changes are seen in other blood cell 
lines to a lesser degree. The bone marrow depression is first 
seen approximately 7 days after the initial infection and lasts 
for approximately 7 days. In the host with normal red cell 
survival or in a non-immunosuppressed state, this bone 
marrow depression is usually asymptomatic and self-limited. 
Aplastic crisis is seen particularly in patients with abnormally 
shortened red blood cell survival, in conditions such as sickle 
cell anemia, heredity spherocytosis, pyruvate kinase deficiency, 
thalassemia, and autoimmune hemolytic anemia. The im- 
munocompromised host may develop bone marrow suppres- 
sion of all cell lines secondary to an inability to clear the virus. 

Transplacental fetal infection and subsequent fetal anemia 
may result in fetal hydrops and demise. The fetus is an ideal 
host for human parvovirus B19 because of an immature 
immune system and accelerated erythropoiesis with mark- 
edly shortened red cell life span (34,35). It has also been 
proposed that the marked fetal anemia observed may lead to 
tissue anoxic and subsequent high output or hypoxic cardiac 
failure (37). While transplacental infection may lead to fetal 
anemia and hydrops, parvovirus B19 is not a common cause 
of congenital anomalies or neonatal disease. The period of 
peak fetal morbidity following maternal infection is approxi- 
mately 4 to 6 weeks after maternal symptoms (37). The fetal 
loss rate following maternal infection has been estimated to 
be as low as 2.5% (38). 

The rash associated with human parvovirus B19 infection 
occurs 17 to 21 days after infection and is probably secondary 
to antigen-antibody reaction (35). Arthritis or arthropathy, a 
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probable postinfection phenomenon, may manifest with a 
purpuric rash—like illness, often associated with other signs of 
vasculitis. This rash may begin as a vesiculopapular eruption 
and is often distributed in the buttocks and lower extremities. 


Diagnosis and Management 

As with many viral infections, infection with human parvovirus 
B19 may be asymptomatic or carry symptoms of only a mild 
flu-like illness. The rash is more common in children than in 
adults but adults are more likely to develop arthritic complaints. 
The rash is characterized as a lacy rash especially on the face 
providing the “slapped cheek” appearance. A variable rash on 
the extremities may follow with a morbilliform, confluent, 
circinate, or annular appearance. This usually does not involve 
the trunk, palms, or soles and may be pruritic. The rash usually 
disappears within 1 to 2 weeks but may recur especially with 
stress, exercise, sunlight, or bathing (34,35). 

Cultured human parvovirus B19 requires bone marrow 
cells and therefore clinically difficult. Enzyme-linked im- 
munoassay for B19 antigen and antibodies are available to aid 
in diagnosis. Diagnosis can be made through DNA hybridiza- 
tion techniques including DNA amplification via the poly- 
merase chain reaction (37). Maternal IgM antibodies can be 
detected in 3 to 4 days after onset of clinical illness, whereas 
IgG antibodies are seen within 7 days. IgM antibodies persist 
for 3 to 4 months and IgG antibodies persist for years (36). 
Patients who demonstrate positive IgG with a negative IgM 
are considered immune and carry little risk from exposure to 
parvovirus B19. Those patients who have had an acute 
infection will have a positive IgM and are at significant risk 
for an adverse fetal outcome. 

Fetal infection can be monitored by ultrasound for evidence 
of fetal hydrops, and percutaneous umbilical blood sampling 
can be used to diagnose fetal anemia. Demonstration of 
parvovirus B19 antigens or parvovirus-specific IgM antibody 
DNA will confirm the diagnosis. 

Serial middle cerebral artery (MCA) blood flow analysis can 
detect early signs of fetal heart failure. 

Infection is strongly suggested if eosinophilic inclusion and 
marginated chromatin are seen in infected fetal erythroid 
precursors (36). 

If the initial ultrasound examination of the fetus is normal, 
including MCA measurements, the fetus should be followed 
with serial ultrasound examinations up to 12 weeks after 
maternal symptoms. Ultrasound-documented fetal hydrops 
resolves spontaneously in some cases of infection. While 
transplacental infection and hydrops fetalis have been 
successfully treated with percutaneous exchange transfusion, 
it has been observed that spontaneous resolution is frequent. 
Another observation that fetuses older than 20 weeks seem to 
have more spontaneous resolution may occur because of a 
more developed immune system (38). 

Maternal serum alpha fetoprotein levels are elevated in 
association with intrauterine infection prior to the develop- 
ment of fetal hydrops as detected by ultrasound. The value 
of the test is limited by its nonspecific nature. Also the 
value of intravenous gammaglobulin for postexposure pre- 
vention of infection has not been fully evaluated. Vaccines or 
antiviral therapies specific for parvovirus B19 have not been 
developed. 
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ENTEROVIRUSES 

Etiology 

Human enteroviruses are members of the family of RNA 
Picornaviridae and are some of the most common human 
viruses (3). There are at least 72 serotypes of enteroviruses. 
The four recognized classes of enterovirus are poliovirus, 
coxsackie A virus, coxsackie B virus, and echovirus. To date, 
there are three polio subtypes, 23 coxsackie A serotypes, 
6 coxsackie B serotypes, and more than 30 echovirus 
serotypes (39-41). Echovirus serotype 72 has been identified 
as hepatitis A virus. This chapter will focus on non-polio 
enteroviruses. Hepatitis A virus will be discussed in another 
chapter. 

Viruses of the genus enterovirus are small (27nm), single- 
stranded RNA with approximately 7500 bases. These viruses 
are icosahedral and lack an envelope. Enteroviruses have a 
nucleocapsid that is composed of 60 structural subunits 
(39,40). 


Epidemiology 

The true incidences of disease due to enteroviruses are not 
known and those infections are not reportable. It is thought 
that between 50% and 80% of infections are asymptomatic. 
Infections occur throughout the year and are most prevalent 
from June to October in temperate climates (39,40). Serotypes 
vary by region or year. The usual route of transmission is by 
either respiratory droplets or the gastrointestinal route. 

Of all the infections, 80% to 90% are in children and 
adolescents 16 years old or younger (40). Adults account for 
approximately 8% of the non-polio enteroviral infections. 
Neonatal infections within the first month of life are common. 
In one study, 12.8% of newborns acquired enteroviral 
infection within 1 month of life and all infants recovered 
without difficulty (39). Women contracting enteroviral 
infection in late pregnancy are usually asymptomatic while 
those displaying symptoms are mild and nonspecific. 


Pathophysiology 

Diseases attributed to enteroviruses include aseptic meningitis, 
encephalitis, myocarditis, hepatitis, pneumonia, pleurodynia, 
and orchitis. Though often asymptomatic, infection may 
manifest with rashes, pharyngitis and conjunctivitis, parotitis, 
pericarditis, and pancreatitis. Rarely, the infection may be 
fulminant and fatal. 

Following initial infection, viral replication occurs in the 
submucosal lymphoid tissue and within 1 to 3 days can be 
identified in regional lymph nodes (39) with subsequent 
viremia. The virus can be found in distant lymphoreticular 
tissue, that is, liver, spleen, and bone marrow (39). After 
replication in the lymphoreticular tissue, a more generalized 
infection with inflammation occurs, affecting multiple organs 
or tissues such as the central nervous system (CNS), striated 
muscle, and the heart. Animal studies have demonstrated a 
shorter incubation period and higher virus titers in 
pregnancy. Susceptibility to infection appears to increase 
with gestational age, but reverts rapidly to that of the 
nonpregnant state following delivery (39). Sites of primary 
infection in the gastrointestinal tract do not show evidence of 
this destructive process; therefore, diarrhea will not ensue in 
most patients. 


OTHER VIRAL INFECTIONS 


The host immune response to enteroviral infection includes 
the production of both humoral and mucosal antibodies as 
well as a cytotoxic T-lymphocyte cellular response (39). 

Most perinatal infections occur secondary to transmission of 
the virus to the neonate during parturition or in the immediate 
postnatal period (41). Vertical transmission of enteroviruses is 
rare but has been documented (39,41). As for infection of 
children and adults, the severity of disease in the neonate may 
range from mild to fatal, causing diseases of the CNS, liver, or 
heart (41). The neonate who has acquired an enteroviral 
infection by vertical transmission in the immediate peripartum 
period is thought to be at greater risk of serious disease when 
compared with the infant who has become infected following 
postnatal transmission. This serious infection is thought to result 
from a lack of maternal antibodies to the enteroviral infection. 

Less is known about neonatal infection with coxsackie 
A virus. There are case reports of in utero fetal death 
with disseminated coxsackie A virus. It is rare for coxsackie 
A virus to be passed to the fetus (42). There appears to be no 
association between echovirus or coxsackie B virus infection 
and an increased spontaneous abortion rate. Stillbirth in late 
pregnancy increases with both maternal echovirus and 
coxsackie B viral infection. The association between maternal 
coxsackie B virus infection and a slightly greater risk of fetal 
urogenital defects and congenital heart defects is tenuous 
(39,41). Coxsackie B virus, particularly serotypes B3 and B4, 
has been implicated in neonatal myocarditis (43). 


Diagnosis and Management 

The typical presenting symptoms of maternal enteroviral 
infection are those of an upper respiratory tract infection such 
as fever of a few days of duration with or without rash. The 
patient may have abdominal pain of such intensity that it may 
be mistaken for abruptio placentae or chorioamnionitis in the 
pregnant patient. Rarely, the patient presents with aseptic 
meningitis or myopericarditis. A presumptive diagnosis can be 
made by demonstrating virus-specific IgM antibodies or by 
documenting rising IgG titers in maternal serum. Definitive 
diagnosis requires culturing of the virus from either 
respiratory secretions or stool. 

If maternal infection is established more than 5 to 7 days 
prior to delivery, the maternal immune response provides 
IgG antibody that crosses the placenta and protects 
the neonate against serious illness. Multiple studies have 
indicated that when the neonate has severe echovirus, or 
coxsackie B virus infection, approximately 60% of 
the pregnant patients will have been symptomatic during 
the perinatal period, usually within 1 week of delivery. 

There is no specific treatment, effective vaccine or reliable 
immune globulin or specific vaccine for enteroviral infection. 
Vertical transmission at birth causes the most neonatal harm. 
Owing to the absence of passive immunization via maternal 
antibodies, it is suggested that delivery should be delayed for 
over 1 week after the onset of disease. 


MUMPS 
Etiology 
The mumps virus is an RNA virus in the paramyxovirus 
family. The virus has a lipid membrane envelope with both the 
neuraminidase and the hemagglutinin. The envelope carries 
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“S” antigen; however, the antigen does not cross-react with 
ae ed 


other paramyxoviruses. The core antigen “v” is more specific 
to the mump virus (44). 


Epidemiology 

Mumps is found worldwide and the virus is spread by 
respiratory droplets or fomites (44). Epidemics may occur 
especially in urban settings or where susceptible individuals are 
in close quarters. The infected person is contagious from 6 
days prior to and up to 9 days after the onset of disease (45). 
The virus may be isolated from the throat, saliva, and urine 
during the first 3 days of illness and may be found in the urine 
up to 2 weeks after it has disappeared from other sites. The 
virus may also be isolated from blood, breast milk, and the 
testis. 

As in the pre-vaccine era, mumps is predominantly a disease 
of school age children of ages 5 to 14 years. A live virus vaccine 
was introduced in 1967 but uptake of the vaccine was scant 
until 1977 when less than 50% of children had been 
immunized (46). The incidence of mumps in pregnancy is 
estimated to be between 0.8 and 10 cases per 10,000 pregnancies. 


Pathophysiology 

Mumps is usually a benign and self-limited disease. Following 
infection and incubation, viremia occurs. The disease is 
asymptomatic in 30% to 60% of patients. Most symptomatic 
patients experience moderate debilitation (46). Typical 
symptoms include fever, malaise, and swelling of one or both 
parotid glands. If the parotid glands are swollen, other salivary 
glands may also be involved. Viral replication occurs in 
multiple organs as the virus is disseminated. Pancreatitis, 
arthritis, and myocarditis are rare complications (45). 
Approximately 20% of postpubertal males will develop 
orchitis. Infection of the thyroid and breast may occur in the 
postpubertal females. 

The virus may be cultured from cerebrospinal fluid in the 
asymptomatic patient and meningeal signs can be seen in 5% 
to 25% of infections (46). The incidence of mumps 
encephalitis may be as high as 5 per 1000 reported cases. 
The cranial nerves may be involved and the most common 
residual CNS symptom is deafness. 

Symptomatic reinfection has been known to occur (45). 
Although mumps infection may be fatal, the mortality rate is 
extremely low. Fatal cases of mumps are more common in 
adults with approximately one-half of mumps-associated 
deaths in patients 20 years. 

The mumps virus can infect the placenta and infection can 
cause transplacental infection. One study reported a 27% 
spontaneous abortion rate when mumps occurred in the first 
trimester (46). Mumps have not been associated with 
prematurity. 


Diagnosis and Management 
The diagnosis of mumps may be made on clinical symptoms if 
present. The diagnosis can be confirmed by serologic studies 
demonstrating virus-specific IgM or using titer of virus-specific 
IgG. The virus can be easily cultured in African green monkey 
kidney cells, embryonated hen’s eggs, and human cells (47). 
In contrast to other viral infections such as influenza or 
varicella zoster, mumps does not demonstrate increased 
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virulence or severity in the pregnant patient (44). Treatment is 
supportive. 

Special precautions with delivery in isolation if possible has 
been suggested when the obstetric patient has overt mumps or 
if the patient has had proven or suspected onset of mumps 
within the 10 days preceding delivery (45). The same 
recommendations are suggested for the nonimmune patient 
exposed in the 3 weeks prior to labor. Postpartum care should 
be provided in isolation, though there is no need to separate 
the patient and her infant, and breast-feeding should be 
permitted. It is estimated that approximately one-half of 
newborns delivered to patients with overt mumps will acquire 
asymptomatic disease and be contagious up to 4 weeks of age. 
Nonimmune hospital personnel should not care for patients 
with mumps pointing out the need for all hospital personnel to 
be current with their measles-mumps-rubella vaccination. 

The measles—mumps-rubella (MMR) vaccine is an effective 
live-attenuated viral vaccine that is part of the childhood 
vaccination schedule when the first dose of MMR is 
recommended at 12 to 15 months of age and a second dose 
at 4 to 6 years. Two doses of MMR vaccine are recommended 
for students attending colleges and one dose for health-care 
workers (47). In response to the resurgence of measles in 1989, 
this recommendation also had the effect of decreasing 
outbreak of mumps in high schools and college students. A 
study from the United Kingdom using MMR vaccine indicated 
vaccine effectiveness of 64% after one dose and 88% after two 
doses (48). 

During the first 6 months of 2006, the United States reported 
a mumps outbreak of 2597 cases in 11 states (49). The outbreak 
highlighted the limitation of the 1998 recommendations and 
ACIP issued new recommendations (Table 3). The MMR 
vaccine is not indicated for use during pregnancy. Women 
should avoid pregnancy for 1 month following vaccination. 
Inadvertent immunization during pregnancy is not an 
indication for termination of pregnancy. Immune globulin 
has not been shown to be effective in the prevention of mumps 
and is not recommended (45,46). 


MEASLES 

Etiology 

Measles is an exanthematous disease caused by a member of 
the paramyxovirus family. This virus differs from other 


Table 3 The 2006 Advisory Committee on Immunization 
Practices Recommendations on Mumps 


Acceptable presumptive evidence of immunity 
Documentation of adequate vaccination with two doses of 
live MMR vaccine for 
Adults including health-care workers 
Students at post-high school institution 
Routine vaccination for health-care workers 
Persons born after 1957: two doses of MMR vaccine 
Persons born before 1957: one dose of MMR vaccine 
For outbreak settings 
Children aged 1—4 years and adults: consider a second dose 
of MMR vaccine 
Health-care workers born before 1957: strongly consider two 
doses of MMR vaccine (50) 


Abbreviation. MMR, measles-mumps-rubella. 
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members of this family in that it does not demonstrate a 
neuraminidase. 

Prior to the introduction of measles vaccination in 1963, 
epidemics of measles were seen every 2 to 3 years with 500,000 
cases reported annually and approximately 400 to 500 deaths 
attributed to the complications of measles. In the 1980s, the 
reported incidence of measles fell to 1500 to 3000 cases per 
year (44). Measles is primarily a disease of children between 
ages 2 and 6 years. The incidence of measles in pregnancy is 
rare with estimates ranging from 6 to 40 cases per 100,000 
pregnancies (51). Congenital measles are rare. 

Prior to vaccination, measles were very contagious with an 
attack rate of approximately 90% in the nonimmune patient. 
Transmission is by respiratory droplets with the mucosa of the 
nose, oropharynx, or conjunctivas as the portal of entry. The 
usual incubation period is 10 to 14 days but may be as short as 
7 days. The patient is infectious for 2 to 3 days prior to 
symptoms and 3 to 4 days after the appearance of the rash. 


Pathophysiology 
After the initial infection and incubation, viremia occurs and 
the patient demonstrates an influenza-like illness. There is 
usually a 3-day prodromal period with fever, inflammation of 
the mucosal membranes, cough, and coryza. Examination of 
the pharyngeal mucous membranes may reveal pathognomo- 
nic Koplik’s spots. Subsequently, the patient develops a 
generalized maculopapular exanthema and malaise (52). 
Complications of measles can be very serious. The most 
common complication is otitis media. Secondary bacterial 
pneumonia may follow measles viremia and is the most lethal 
complication. Encephalitis may seen at any age and occurs in 
1 per 1000 cases. If encephalitis complicates measles, it usually 
appears within 3 to 7 days after the appearance of the rash and 
carries a mortality of approximately 10%. The overall 
mortality rate of measles is estimated at less than 0.1% but is 
higher in children <1 year of age (53). 


Diagnosis and Management 

In an epidemic, the clinical signs and symptoms may allow a 
clinician to make a diagnosis. The differential diagnosis of 
measles includes a number of viral exanthematous diseases. 
The case definition includes fever (>101°F) rash for more than 
3 days and cough, coryza, or conjunctivitis. Hemagglutination 
inhibition (HI) serologic tests are the most widely used for 
diagnosis. A fourfold rise between acute serum (within 3 days 
of the rash) and convalescent serum up to 20 days later is 
diagnostic. The HI antibody persists for years and is useful to 
determine immune status. The presence of IgM HI-specific 
antibody will also diagnose a new case of measles. The IgM 
antibody will usually disappear 2 to 5 days after the appearance 
of the rash. 

There is a higher complication and mortality rate in 
pregnant women. Pneumonia has been noted to be the most 
frequent fatal complication (44). 

The virus infrequently crosses the placenta. Gestational 
measles has been linked to a higher incidence of premature 
labor. Maternal measles may lead to premature labor and 
delivery and therefore increase neonatal mortality. Pregnancies 
complicated by measles have not been firmly associated with 
congenital malformations or a higher rate of malformations (51). 


OTHER VIRAL INFECTIONS 


Newborns receive passive immunity from maternally derived 
IgG measles-specific antibody secondary to either maternal 
infection or immunization. 

Nonimmune patients can be protected against measles 
following exposure if they are provided with passively acquired 
immunoglobulin within 3 days of exposure. The recommended 
dose of IgG is 0.2 ml/kg body weight intramuscularly (51,52). 

Measles can be prevented with administration of MMR- 
attenuated live virus vaccine prior to pregnancy. In 1985, 
Gazala et al. reported the outcome of five pregnancies at 28 to 
34 weeks of gestation complicated by a measles epidemic in 
Israel from December 1981 to May 1982. All five pregnancies 
were complicated by premature delivery with a mean duration 
between onset of illness and delivery of 3.5 days. The infants 
demonstrated low birth weight, and three of four live births 
had severe respiratory distress. The fifth infant was stillborn. 
Each live-born infant received IgG intramuscularly at a dose of 
0.2 ml/kg on day 1 of life. None of the infants demonstrated 
any clinical signs or symptoms of measles. 


RUBELLA 

Etiology 

The rubella virus is a member of the togavirus group and is a 
spherical, enveloped RNA virus, 50 to 100 nm in diameter (54). 


Epidemiology 

Rubella has worldwide distribution and prior to vaccine 
availability, pandemics occurred approximately every 20 years, 
with epidemics in 6- to 9-year cycles (54,55). Rubella is 
endemic throughout the year but in temperature climates 
demonstrates a peak incidence from March to May. Prior to 
rubella vaccination, the primary disease occurred in children 
aged 5 to 9 years where as in the postvaccination era there is a 
major shift to persons older than age 15 (55). 

Transmission of rubella is by aerosolized respiratory 
droplets. The usual incubation period is 16 to 18 days with a 
range of 14 to 21 days (54,55). The infected individuals may 
shed virus for 1 week prior to and for approximately 1 week 
after the appearance of the typical rash. The virus may be 
isolated from respiratory secretions during this time, but the 
virus may be present in the urine and blood prior to the 
rash (55). A mild prodrome of malaise, low-grade fever, head- 
ache, and conjunctivitis may precede the rash by 1 to 5 days. 


Pathophysiology 

The initial infection occurs on the respiratory mucosa where 
the primary viral replication occurs (54). During incubation, 
for approximately 1 week prior to the onset of the rash, the 
virus can be isolated from leukocytes, conjunctiva, urine, and 
stool. The immune response of the host is both humoral and 
cell mediated. Viral-specific antibodies may be detected within 
24 to 48 hours of the onset of the rash. 

Infection with rubella is usually self-limited and mild. 
Postauricular, suboccipital, and posterior cervical lymphade- 
nopathy are distinguishing features of the disease. The 
adenopathy will often herald the onset of the typical rash. 

The most significant complication occurs secondary to 
transplacental transmission of the virus to the fetus during 
maternal viremia. In utero, infection may occur at any gestational 
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age (31). The virus may infect the placenta and result in 
granulomatous changes and necrosis of chorionic villi. Fetal 
rubella infection may cause spontaneous abortion or stillbirth. 
Once established, fetal infection is chronic and persists well 
beyond birth (55). The rubella virus may be persistent in the most 
severely affected infants for up to 1 year. The exact pathologic 
mechanism of fetal infection and subsequent tissue damage is not 
well understood. Rubella is not cytolytic like measles and 
inflammation is not a prominent feature of infected cells. 
Infected cells do show reduced mitotic activity and there is a 
reduction in this total number of body cells. 

The rate of congenital infection and the effect of 
transplacental infection appear to vary with gestational age at 
the time of infection. In a large prospective study of 1016 
women with confirmed rubella infection, the rate of congenital 
infection was 81% in the first 12 weeks, 54% at 13 to 16 weeks, 
36% at 17 to 22 weeks, 30% at 23 to 30 weeks, 60% at 31 to 
36 weeks, and 100% from 37 weeks to delivery (55). No 
congenital anomalies were seen if infection occurred after 
16 weeks. Another prospective study found no congenital 
anomalies if maternal infection occurred after 17 weeks of 
gestation (56,57). 

The congenital rubella syndrome (CRS) symptoms in 
decreasing frequency are hearing loss, mental retardation, 
cardiac malformations, and ocular defects (56,57). The 
greatest risk to the fetus is when maternal infection occurs 
in the first trimester. Congenital anomalies of the heart, eye, 
and CNS have been seen only if maternal infection occurred 
between 3 and 12 weeks. Deafness is the most common 
anomaly occurring in 58% of affected offspring and in 40% as 
a single defect (56). Patent ductus arteriosus was the most 
common cardiac defect and accounted for 79% of the cardiac 
anomalies seen (56,57). 


Diagnosis and Management 

The symptomatic patient may experience a syndrome 
of malaise, low-grade fever, and tender and swollen 
lymphadenopathy of the suboccipital, postauricular, and 
posterior cervical lymph nodes prior to the onset of a rash. 
The rash of rubella initially appears over the face and 
posterior to the ears as a small, faint pink circular macular 
rash that eventually spreads to the neck, trunk, and 
extremities. The rash may also appear as a general blush in 
the face and may be described as petechial or purpuric. 
The rash generally disappears in 3 days. 

Clinical history and examination are not reliable for making 
a diagnosis. Culture is slow and expensive and not recom- 
mended. The diagnosis of rubella is confirmed by serology. 
Rubella-specific IgM and IgG may be detected by a variety of 
techniques including HI, ELISA, compliment fixation, and 
radioimmunoassay. As with other diseases, the presence of 
IgM indicates acute illness as does a fourfold rise with IgG. 
IgM will disappear after 4 to 6 weeks. 

All obstetric patients should be screened for rubella 
community on their first physician visit. If a patient suspects 
possible exposure and her immunity has not been established, 
serology should be obtained immediately and retested in 
3 weeks. 

The patient who shows a fourfold rise in titer of IgG antibody 
has a confirmed infection. If this occurs in the first 20 weeks of 
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pregnancy, the patient should be counseled regarding implica- 
tions for the fetus and should consider termination of pregnancy. 

Vaccines for rubella were licensed in 1969 and are available 
with measles and mumps as MMR vaccine. ACIP recommends 
vaccination of all infants between 12 and 15 months and an 
additional dose for adolescents. All patients who are non- 
immune on obstetric screening should receive MMR im- 
mediately postpartum. There is no risk to the postpartum 
patient or to the breast-feeding infant. Contraindication to 
MMR vaccine includes pregnancy, febrile illness, immunode- 
ficient states, or receipt of immune serum globulin within 
preceding 3 months. 

The risk to the fetus of inadvertent administration of MMR 
in pregnancy is not known. In a review, there were no defects 
compatible with CRS in 552 infants born to 635 women who 
received vaccine during pregnancy; women who receive MMR 
should not get pregnant within 1 month of vaccine admin- 
istration. 
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86 Chlamydial infection 


Joyce A. Ibana and Danny J. Schust 


Chlamydia trachomatis is an obligate intracellular pathogen, 
which is now recognized as the most prevalent sexually 
transmitted bacteria in the world (1). In 1999, the World 
Health Organization (WHO) estimated that of the 340 million 
cases of sexually transmitted infections, 92 million were due to 
C. trachomatis infection. This high prevalence rate makes it an 
important public health concern. In women, C. trachomatis 
infection has detrimental effects on reproductive health and 
carries considerable health-care costs. Genital infection in 
women is primarily localized to the endocervix, causing a 
clinical syndrome of mucopurulent cervicitis. The majority 
(70-90%) of women infected with C. trachomatis are 
asymptomatic (2). In untreated women, this infection can 
ascend into the endometrium and fallopian tubes to establish a 
chronic infection that can result in pelvic inflammatory disease 
(PID) and salpingitis. Of women with a single episode of PID, 
9% develop ectopic pregnancy and 11% develop tubal factor 
infertility (3). In pregnant women, C. trachomatis infection is 
associated with premature rupture of membranes and an 
increased risk of preterm delivery (4). This infection can also 
be vertically transmitted, causing pneumonia and conjuncti- 
vitis in newborns. 

In addition to its role in genital diseases, C. trachomatis 
infection of the eye (trachoma) is one of the world’s leading 
causes of preventable blindness. In 2002, the WHO reported 
that this infection accounts for about 3.6% (1.3 million) 
of total blindness worldwide. This disease is endemic in 
56 countries including many in Africa, the Middle East and 
some parts of Asia, Latin America, and the Western Pacific. 
Trachoma is transmitted through contact with eye droplets 
from contaminated hands, clothing, and eye-seeking flies. The 
most affected populations are those living in poverty where 
resources are limited, hygiene is poor, and conditions permit 
facile transmission of the infection (5). 

C. trachomatis can also cause a systemic sexually transmitted 
disease, Lymphogranuloma venereum (LGV), which is 
characterized by genital ulceration and inguinal lymphadeno- 
pathy (buboes). This disease can progress and result in 
hemorrhagic proctocolitis, rectogenital scarring, and lymphe- 
dema. LGV is endemic in some areas of Africa, Asia, South 
America, and the Caribbean but is uncommon in industria- 
lized countries (6). 


TAXONOMY 

C. trachomatis is a member of the family chlamydiaceae. Three 
species under this family are commonly associated with human 
diseases: C. trachomatis, C. pneumoniae, and C. psittaci. Under a 
classification revised in 1999, chlamydiaceae is divided into two 
genera, chlamydia and Chlamydophila. C. trachomatis is under 
the genus chlamydia, while C. pneumoniae and C. psittaci are 
classified under the genus Chlamydophila (7). Some of the 


properties that differentiate the three chlamydiaceae species 
that represent important human pathogens are summarized in 
Table 1. 

The two C. trachomatis biovars (trachoma and LGV) are 
further differentiated into 19 serovars based on antigenic 
differences in the major outer membrane proteins (MOMPs). 
The trachoma biovar includes serovars A, B, Ba, and C, which 
primarily infect the conjunctiva, and serovars D, Da, E, F, G, 
Ga, H, I, Ia, J, and K, which primarily infect the urogenital 
tract. The LGV biovar consists of serovars L1, L2a, L2b, and L3 
and primarily infects the inguinal lymph nodes. 

In addition to these serovars, several other variants have 
been previously identified (8,9). One new variant of 
C. trachomatis (nvCT) was discovered in Sweden in 2006 (10). 
It carries a deletion in the target sequences used for standard 
nucleic acid amplification-based diagnostic methods and 
escaped detection until recently. In 2007, nvCT spread 
throughout Sweden, accounting for 20% to 65% of chlamydia 
cases in that country (11). The majority of those cases that 
were detected in other countries had epidemiologic links to 
Swedish contacts (12). 


MICROBIOLOGY AND PATHOGENESIS 

The major disease symptoms associated with C. trachomatis 
infection are caused not by direct pathogen activity, but rather 
by the host immune response to infection. The conventional 
view holds that manifestations of chlamydial diseases result 
from classical delayed-type hypersensitivity (DTH) reactions. 
Clinical and animal studies suggest that DTH is stimulated by 
chlamydial heat shock protein 60 (13-16). However, other 
studies also suggest that the inflammatory response that is 
elicited by the infected host cells themselves is sufficient to 
cause chronic inflammation, tissue remodeling, and subse- 
quent scarring. Following in vitro infection with C. tracho- 
matis, genital epithelial cells produce and secrete large 
quantities of pro-inflammatory chemokines, including IL-8, 
GRO@, granulocyte-macrophage colony-stimulating factor 
(GM-CSF), IL-la, IL-11, and IL-6 (17,18). IL-1 has been 
shown to initiate human fallopian tubal damage during 
C. trachomatis infection in an ex vivo model (19). Overall, 
the increase in epithelial secretion of pro-inflammatory 
chemokines results in the recruitment of immune cells to 
the site of infection. Persistence of the inflammatory response 
within the genital tract results in tissue scarring (20). 

C. trachomatis infection can also directly destroy infected 
genital epithelial cells during replication. C. trachomatis is an 
obligate intracellular bacterium that has a unique developmental 
life cycle. It enters target host cells as a small (300-400nm) 
elementary body (EB), metabolically inactive but infectious. 
chlamydial organisms never contact the host cell cytoplasm. 
Rather, the entry of chlamydial EB induces the formation of a 
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Table 1 Human Pathogenic Chlamydiaceae 


Property Chlamydia trachomatis 
Host Primarily human 
Biovars Trachoma and LGV 
Diseases Ocular trachoma, oculogenital 
diseases, infant pneumonia and 
lymphogranuloma venereum 
Inclusions stain with Yes 
iodine 
Susceptibility to Yes 
sulfonamides 
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Chlamydia pneumonia Chlamydia psittaci 


Primarily human Primarily birds and lower 


mammals; occasionally 


humans 
TWAR Many 
Upper and lower respiratory Psittacosis 
tract infection 
No No 
No No 


Abbreviations: LGV, lymphogranuloma venereum; TWAR, Taiwan acute respiratory agent. 


new intracellular compartment partially derived from the 
host cell’s Golgi apparatus. This compartment, called an 
inclusion body, inhibits phagolysosomal fusion. chlamydial 
EBs within the inclusion body utilize host adenosine tripho- 
sphate for energy. Within 6 to 8 hours after entry, chlamydial 
EBs undergo primary differentiation and transform into 
larger (800-1000nm) actively dividing reticulate bodies 
(RBs). RBs are metabolically active and noninfectious. RBs 
continuously divide over the next 18 hours by binary fission 
to produce 300 to 500 progeny. At 48 to 72 hours after 
infection, C. trachomatis RBs transform back into EBs 
through secondary differentiation. Upon completion of their 
developmental cycle within the host cell, EBs exit the 
epithelial cell to infect neighboring uninfected cells. 

An alternate growth mode of chlamydia, commonly 
referred to as persistent growth, has also been observed in 
vitro. Persistent growth is induced by factors such as amino 
acid deprivation (21), penicillin treatment (22), and exposure 
to suboptimal levels of interferon gamma (23). This growth 
mode is characterized by enlarged and pleomorphic RBs that 
do not undergo binary fission and differentiation into EB. 
During persistent growth in the host cell, chlamydial 
organisms are viable but not cultivable. This condition, 
however, can be reversed upon removal of the persistence- 
inducing factor (24). Although direct evidence of persistent 
growth in vivo has not been clearly established, this 
phenomenon may explain chronic infection resulting from 
reactivation of these alternate persistent forms. Cycles of 
dormancy and reactivation may contribute to the pathologic 
changes observed in chronic disease (Fig. 1). 


EPIDEMIOLOGY 

In the United States, 1,108,374 chlamydial infections were 
reported to the Centers for Disease Control and Prevention 
(CDC) in 2007, corresponding to a rate of 370.2 cases per 
100,000 people. This rate translates to a more than fourfold 
increase from 1988 when 87.1 cases were reported per 100,000 
people (25). Independent studies in different cities in the 
United States and in different countries around the globe, 
however, have demonstrated variation in prevalence rates 
depending on several factors, including high-risk sexual 
behavior and age (26,27). A comparative study conducted in 
the Philippines between high-risk female sex workers attend- 
ing a social hygiene clinic and low-risk women attending an 


obstetrics and gynecology clinic showed that high-risk women 
have a fivefold higher chlamydial prevalence rate compared 
with low-risk women (28). In addition, multiple studies have 
shown that young age is the factor most closely associated with 
C. trachomatis infection (29,30). Infection rates in sexually 
active adolescents are consistently at least two- to threefold 
higher than that in adult women (31). 

In the same 2007 CDC report, the overall rate of chlamydial 
infection in women in the United States was 543.6 cases per 
100,000. The rate of chlamydial infection in men is lower than 
that in women with 190.0 reported cases per 100,000 people. 
This lower rate in men may reflect the higher number of 
women screened for C. trachomatis and may also indicate that 
sex partners of infected women may not be diagnosed or 
reported. This is a major deterrent to efforts at controlling the 
rate of infection in women because men provide a continuous, 
untreated reservoir for transmission of new and recurrent 
infections. 

Approximately 5% to 15% of pregnant women in the 
United States are infected with C. trachomatis (32). Indepen- 
dent studies in other countries show that prevalence rates in 
pregnant women are widely divergent (Table 2). Assessment 
of C. trachomatis infection prevalence rates, however, is 
complicated by the use of several different diagnostic methods 
among different studies. These methods may vary markedly in 
their sensitivities (see section on Diagnosis and Screening) 
and specificities. Comparison among studies is also com- 
pounded by biases in the selection process and heterogeneity 
in inclusion criteria among investigations. An evaluation 
limited to those persons seeking medical care in clinics may 
not be representative of the entire population. Thus, there 
exist significant limitations in generalizations made based on 
these studies. 


Risk Factors of chlamydia Infection in Pregnancy 

The risk factors for chlamydial infection in pregnant women 
were summarized in a review article by Tiller et al. and include 
young age (<20 years of age), coinfection with other sexually 
transmitted diseases, abacteriuric pyuria, unprotected sex 
within the past 3 months, a partner with nongonococcal 
urethritis, and more than one sexual partner in the last 
3 months (41). Like studies in nonpregnant women, young 
age is consistently associated with chlamydial infection among 
pregnant women. 
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EB attachment Lysosome 


Release of EBs Nucleus 


by extrusion 
or cell lysis 


Figure 1 Chlamydial growth cycle. Chlamydia travels between susceptible cells as small, metabolically inert forms, called the elementary bodies (EBs). EBs attach 
to cells and enter into a phagosomal compartment partially derived from the host cell Golgi apparatus. Within the phagosomal compartment, now called an 
inclusion, EBs transform into larger, metabolically active forms called reticulate bodies (RBs). RBs reproduce by binary fission, filling the enlarging inclusion. Late 
in the chlamydial life cycle (36-48 hours), RBs reorganize into EBs and EBs are released into the extracellular space to infect surrounding susceptible cells. Under 
certain in vitro conditions, chlamydial RBs undergo differentiation into large atypical forms that may persist within the infected cell for prolonged periods of time. 
Clinical and epidemiologic characteristics of chlamydial infections also support persistence. [Reproduced with permission from The Curators of the University of 
Missouri (Copyright 2011, The Curators of the University of Missouri)]. 


Table 2 Prevalence of Chlamydia trachomatis Infection in Pregnant Women 


Reference Site Prevalence rate (%) 
Chen et al. 2009 (33) Melbourne, Australia ow 

Lujan et al. 2008 (34) Tete, Mozambique 4.1 

Lubbad et al. 2007 (35) Gaza, Palestine 8.3 

Chen et al. 2006 (36) Fuzhou, China 10.1 

Kadzhaia et al. 2005 (37) Tbilisi, Georgia 33.0 

Apea-Kubi et al. 2004 (38) Accra, Ghana 3.0 

Shimano et al. 2004 (39) Hokkaido, Japan AD 
Chotnopparatpattara et al. 2003 (40) Bangkok, Thailand 10 


Transmission of C. trachomatis infection from mother to 
infant may also occur via exposure to intrauterine infection 


C. trachomatis infection in pregnant women increases the 
risk of pre-term delivery, premature rupture of membranes, 


and perinatal mortality. Thus, prenatal screening of high- 
risk pregnant women and treatment of newly diagnosed 
infections can help to prevent adverse pregnancy outcomes 
and transmission to neonates. The CDC recommends 
screening at the onset of prenatal care, then again in the 
third trimester. 


Perinatal Risks of chlamydial Infection 

Based on a recent study of vertical transmission of 
C. trachomatis in China, the transmission rate of C. trachomatis 
from infected mother to infants born through vaginal passage 
is approximately 66.7%. In comparison, the risk to those born 
by cesarean section is 8.3% (42) 


during late pregnancy (43). Intrauterine infection may be 
responsible for chorioamnionitis, a frequent cause for pre- 
maturity and respiratory insufficiency at risk neonates (44). 
chlamydial infection may also result in neonatal conjunctivitis 
and in infant pneumonia that may progress to obstructive 
lung disease. 

Early spontaneous pregnancy loss has been attributed to 
C. trachomatis infection-based seroepidemiologic evidence 
and on the detection of chlamydial antigens, in endometrial 
curettage samples (45,46). This correlation, however, is not 
without controversy (47). An association between C. tracho- 
matis infection and premature rupture of the membranes has 
also been suggested and intrauterine lung infection by 
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C. trachomatis has been demonstrated has been demonstrated 
in premature infants (48). 


DIAGNOSIS AND SCREENING 

Traditional diagnostic testing for chlamydial infection involves 
cell culture techniques using urethral-, cervical-, or conjunctival- 
derived patient specimens. Specimens are inoculated on 
cycloheximide-treated McCoy cells, a susceptible tissue culture 
cell line, and examined after 24 and 72 hours of incubation. 
chlamydia inclusions are then stained using immunofluor- 
escent chlamydia-specific antibodies and examination of 
chlamydial growth is performed using standard microscopy. 
In competent hands, this method can have a specificity as high 
as 100%; therefore, culture-based detection of chlamydial 
infections has long been used as a reference standard for 
assessing the validity of new diagnostic tests and is the method 
of choice for medicolegal purposes. The cell culture method, 
however, is technically difficult, time consuming, and 
expensive. Furthermore, its sensitivity has been estimated to 
be only 60% to 85% (49,50). The performance of these 
techniques can vary between handlers and even within a 
laboratory. Thus, although some laboratories have maintained 
culture techniques for their high specificity, most others now 
use nonculture-based alternatives. These simpler techniques 
are more practical for routine work and offer higher 
sensitivity. They include detection of chlamydial antigens 
using directly labeled fluorescent antibodies (DFAs) and 
enzyme immunosorbent assays (EIAs) and detection of 
chlamydial genetic material (RNA/DNA) using nucleic acid 
amplification tests (NAATs). 

DFA involves the use of fluorescein-conjugated antibodies to 
directly detect chlamydial EBs within patient specimens. This 
test is rapid and its sensitivities and specificities range from 
70% to 100% and 87% to 99%, respectively, for men and 68% 
to 100% and 82% to 100%, respectively, for women (51,52). 
The use of this technique is much faster than cell culture 
techniques but also requires highly skilled personnel. The EIA 
assay, on the other hand, does not require highly skilled 
personnel and has sensitivities and specificities that range from 
62% to 97% and 92% to 100% for men and 64% to 100% and 
89% to 100% for women (53). The sensitivity of the EIA 
method, however, has recently been questioned (54,55). 

Because chlamydial genetic material can be shed into the 
urine, NAAT can be performed on specimens collected 
noninvasively. The major target sequence used in nucleic acid 
amplification techniques for the diagnosis of chlamydial 
infection is the omp1 gene, which codes for the MOMP 
present in all three human pathogenic chlamydial species (56). 
Because this method includes an amplification step that 
improves sensitivity, NAAT has a better sensitivity than EIA 
for detecting chlamydia in urine specimens. NAAT is now also 
considered an effective method for detecting asymptomatic 
chlamydial infections. Currently, there are several NAAT 
platforms available for chlamydial diagnostic and screening 
purposes. A recent evaluation using first void urine specimens 
and three automated NAAT systems [ProbeTec ET reagents on 
Viper platform (BD Diagnostics), Aptima Combo 2 reagents 
on Tigris platform (Gen-Probe) and Abbott RealTime CT/NG 
reagents on an m200 platform (Abbott Molecular Diagnos- 
tics)] revealed that these approaches are all suitable for 
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C. trachomatis detection and each offers high sensitivity and 
specificity (57). 

The use of urine specimens for NAAT testing is also the 
method of choice for screening men for chlamydial infections. 
It is noninvasive and differences in sensitivity and specificity 
between urethral swabs and urine samples are not significant. 
Screening targeted to men is beneficial from a public health 
perspective, as men provide a reservoir for continuous 
transmission to women. The rates of C. trachomatis infection 
in men vary from 4% to 6% of which approximately 90% are 
asymptomatic (58-60). The availability of an effective 
noninvasive method for screening men may provide more 
widespread detection of asymptomatic C. trachomatis-infected 
individuals in the community. Furthermore, this methodology 
can be readily used in school-based health centers in high- 
prevalence communities. Such noninvasive diagnostics could 
greatly increase the identification of infected individuals for 
treatment and help to prevent the spread of infection. 

The use of vaginal swabs for NAAT testing offers an 
effective alternative for screening women for chlamydial 
infection. An evaluation of the use of vaginal swab specimens 
in the Aptima NAAT system revealed that NAAT provides 
excellent sensitivity and specificity. Using NAAT for detecting 
chlamydia on patient-collected vaginal swabs gives a sensi- 
tivity and specificity of 98.3% and 96.5% respectively, and for 
clinician-collected swabs, 97.2% and 95.2% respectively (61). 
Thus, the use of vaginal swab specimens for NAAT provides an 
excellent alternative to pelvic examination and endocervical 
specimen collection. To prevent the adverse effects of 
chlamydial infection on pregnancy outcomes, the screening 
of all pregnant women is recommended by the CDC. For these 
purposes, the noninvasive NAAT is the method of choice. In 
short, widespread, noninvasive screening for chlamydial 
infection in men and women should lead to early detection 
and treatment, thereby reducing reproductive tract morbidities 
and preventing vertical and horizontal transmission. 


TREATMENT AND MANAGEMENT 

Treatment of C. trachomatis-infected patients is essential not only 
for clearing infection and eliminating symptoms, but also for the 
prevention of transmission to sex partners. In pregnant women, 
treatment is also given to prevent vertical transmission to infants. 
Based on the latest CDC guidelines (62), the recommended first- 
line treatment for C. trachomatis is either a single 1-g oral dose of 
azithromycin or a twice daily, 100-mg oral dose of doxycycline 
for 7 total days. In populations in which adherence to the 7-day 
doxycycline regimen is typical, azithromycin and doxycycline are 
equally efficacious, with microbial cure rates of 97% and 98% 
respectively. However, in populations with poor compliance or 
unpredictable follow-up, cure rates for the azithromycin regimen 
exceeded those using doxycycline. Since the majority of 
gonococci in the United States are susceptible to azithromycin 
and doxycycline, either of these treatment regimens may also 
provide coverage for chlamydia patients coinfected with Neisseria 
gonorrhoeae. Recommended alternative regimens for 
C. trachomatis treatment include erythromycin, ofloxacin, and 
levofloxacin. Ofloxacin and levofloxacin, however, offer no 
dosage advantages and are more expensive than erythromycin- 
based treatments. 


CHLAMYDIAL INFECTION 


For pregnant women, doxycycline, ofloxacin, and levo- 
floxacin are contraindicated. Thus, the recommended first- 
line treatment for a chlamydia-infected pregnant woman is 
the single 1-g oral dose of azithromycin or a 500-mg oral dose 
of amoxicillin, three times a day for 7 days. Alternative 
regimens include erythromycin base or erythromycin ethyl- 
succinate. Frequent occurrence of gastrointestinal side effects 
with use of erythromycins discourages compliance and 
consequently reduces treatment efficacy. Lower erythromy- 
cin doses for longer duration are alternative regimens that 
may improve gastrointestinal tolerance. Notably, erythromy- 
cin estolate is contraindicated during pregnancy because of 
drug-related hepatotoxicity. To ensure therapeutic cure, 
testing for chlamydial infection must be repeated 3 weeks 
after the completion of therapy in pregnant subjects. This 
reduces the risk of maternal and neonatal sequelae with 
persistent disease. It is also recommended that sexual 
partners of pregnant women be tested and treated if they 
have sexual contact within 60 days after treatment. If either 
partner is positive for chlamydial infection, he/she should be 
instructed to avoid sexual contact until both have been cured 
and are without symptoms. 

For infants with ophthalmia neonatorum or pneumonia due 
to chlamydial infection, the recommended regimen is erythro- 
mycin base or erythromycin ethylsuccinate. Efficacy using 


Table 3 Treatment Recommendations for Chlamydial 
Infections 


Recommended regimens 
Azithromycin 1g orally, single dose, or 
Doxycycline 100mg orally twice a day for 7 days 
Alternative regimens 
Erythromycin base 500mg orally four times a day for 7 days, or 
Erythromycin ethylsuccinate 800mg orally four times a day for 
7 days, or 
Ofloxacin 300mg orally twice a day for 7 days, or 
Levofloxacin 500mg orally once daily for 7 days 
For pregnant women 
Recommended regimens 
Azithromycin 1g orally, single dose, or 
Amoxicillin 500mg orally three times a day for 7 days 
Alternative regimens 
Erythromycin base 500mg orally four times a day for 7 days, or 
Erythromycin base 250 mg orally four times a day for 14 days, or 
Erythromycin ethylsuccinate 800mg orally four times a day for 
7 days, or 
Erythromycin ethylsuccinate 400mg orally four times a day for 
14 days 
For newborns 
Erythromycin base or ethylsuccinate 50 mg/kg/day orally 
divided into four doses daily for 14 days 
For children who weigh <45kg 
Erythromycin base or ethylsuccinate 50 mg/kg/day orally 
divided into four doses daily for 14 days 
For children who weigh >45kg but who are aged <8 years 
Azithromycin 1g orally, single dose 
For children aged >8 years 
Azithromycin 1g orally, single dose, or 
Doxycycline 100mg orally twice a day for 7 days 


Source: From Centers for Disease Control and Prevention 2010 treatment 
guidelines (62). 
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erythromycin treatment is only 80%, so follow-up testing on 
infants is recommended. If infection was not cleared, a second 
course of similar therapy is recommended (Table 3). 


PREVENTION AND FUTURE RESEARCH 
Implementation of a comprehensive C. trachomatis screening 
program can lead to a 60% reduction in the incidence of 
PID (63). With the availability of noninvasive, highly specific, 
and sensitive methods for the detection of C. trachomatis 
infection, opportunistic chlamydia screening has great poten- 
tial for controlling the spread of infection through early 
detection and early treatment. Importantly, this includes the 
detection and treatment of subjects with asymptomatic 
infection. Combined, these screening efforts should help to 
prevent the development of adverse sequelae and further 
transmission of the infection. 

Despite the efficacy of antibiotics in treating C. trachomatis 
infection, treatment is primarily given to those with sympto- 
matic infections. Continued transmission by untreated in- 
dividuals with asymptomatic infection hampers control efforts 
difficult. To achieve more effective control measures, the 
development of a safe and efficacious human vaccine is 
necessary, but has eluded researchers to date. Ongoing animal 
studies, however, do have promise. Novel antigens that induce 
protective immunity in C. trachomatis mouse models have been 
identified (64,65) and provide vaccine candidates that may be 
suitable for human study. Also in murine models, the intranasal 
administration of a secreted chlamydial protein was found to 
enhance resolution of infection and provide protection against 
oviduct pathology (66). These advances in chlamydia vaccine 
development should ultimately lead to better chlamydial 
control measures and a reduction in the global prevalence rate 
of C. trachomatis infection. 
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CANDIDIASIS IN PREGNANCY 

Yeast infection is an important issue in women’s health, even 
though systemic fungal infection is exceedingly rare in women 
of childbearing age. The presence of Candida organisms is 
almost universal. Three-fourths of all women have sympto- 
matic Candida vulvovaginitis during their lifetime and almost 
half of those with an initial attack have additional episodes (1). 
Candida organisms are also isolated by culture in 8% of 
asymptomatic females (2). The dysuria, itching, and inflam- 
mation that accompany symptomatic infections may be severe 
enough to interrupt daily activities and prompt the patient to 
seek medical attention or use of over-the-counter products to 
relieve symptoms. 

More than 100 species of Candida have been identified, with 
many further classified to the strain level (3). Only seven 
species of Candida are identified frequently in human clinical 
cultures. Candida albicans and C. tropicalis form 80% of all 
clinical isolates (4,5). C. glabrata and C. parapsilosis comprise 
an additional 10% to 15%, leaving 5% to 10% distributed 
among other species (5,6). 

The species breakdown in vulvovaginal specimens differs in 
that C. albicans is identified in 80% to 85% of all positive 
vaginal cultures, C. glabrata in 10% to 15%, and C. tropicalis in 
5%, with minimum identification of other species (7). 


Pathophysiology of Candida Infection 

Candida are dimorphic organisms with blastospore and 
mycelial forms. The blastospore form (budding yeast) is 
associated with transmission and colonization, and is the form 
found in the bloodstream in systemic infection. Germinated 
yeast with mycelia and pseudohyphae is the tissue-invasive 
form that causes symptomatic disease. The Candida life cycle is 
one of rapid budding, maturation, and degeneration. Budding 
occurs as a new cell outgrowth from the mother blastospore. 
Following mitosis, a septum partitions the two cells and 
budding resumes in each cell. Mycelium formation begins as a 
cylindrical outgrowth from the cell wall. Septa are laid down 
behind the apical tip as the hyphae shoot lengthens. 
Blastospores are then produced just behind the newly created 
septa. Pseudohyphae are a morphologic derivative between 
budding and hyphal growth that is found in all Candida 
species (8). 

The attachment of Candida to vaginal cells has been 
reported to be mediated by mannose-containing receptors on 
the surface of the mucosal epithelial cells (3). The effect of 
estrogen in increasing vaginal epithelial avidity for candidal 
adherence may involve these surface receptors (1). Intracel- 
lular receptors for estradiol and corticosteroids have been 
identified in C. albicans and C. glabrata (9,10). Although the 


mechanisms of action of these receptors have not yet been 
elucidated, high levels of estrogens and corticosteroids are 
associated with increased candidal virulence and tissue 
invasion. 

The human host defense mechanism against candidal 
vaginitis is primarily based on the natural bacterial flora of 
the vagina, particularly lactobacilli. Lactobacillus is thought to 
decrease fungal growth via competition for nutrients, 
mechanical interference with candidal mucosal adherence, 
and chemical inhibition by lactobacillus secretions (1). Cell- 
mediated immunity also plays a role in preventing infection. 
Monocytes and leukocytes prevent deep tissue invasion and 
systemic infection. IgG and IgM are elicited systemically and 
IgA is secreted in cervical mucus in response to acute candidal 
infection, but infection rates are not increased in patients with 
isolated immunoglobulin deficiencies (1). 

Factors that predispose a patient to Candida vulvovaginitis 
can be categorized as systemic, localized, or exogenous. 
Systemic conditions associated with genital candidiasis include 
diabetes, nondiabetic glycosuria, endocrinopathies, debilitating 
disease, older age, and pregnancy. Local conditions that alter the 
barrier function of the perineal epithelium allow higher 
infection rates including tissue maceration (from moisture 
accumulation, urinary leakage, or abrasion from tight-fitting 
clothing) and thinning of the skin (from menopause or topical 
steroid use). Exogenous factors include commonly prescribed 
medications such as antibiotics (particularly tetracycline, 
ampicillin, and oral cephalosporins), immunosuppressive 
agents, and systemic steroids. Oral contraceptives were 
previously thought to increase infection rates, but recent 
studies with the low-dose combination pills have shown no 
effect (1). 


Diagnosis of Candidiasis 

Although the diagnosis of Candida infection is generally 
suspected on the basis of physical findings, confirmation 
should be obtained. The use of saline or potassium hydroxide 
(KOH) wet mounts of the vaginal secretions is the most rapid 
and least expensive confirmatory test. If a saline preparation is 
used, dark-field or phase-contrast microscopy may aid in 
visualization of the fungal elements. Potassium hydroxide 
(10-20% solution) lyses the epithelial cells, allowing the 
Candida to be seen more easily. Wet-mount analysis is highly 
specific, but sensitivity is poor (as low as 20%) (11). Other 
microscopic methods of Candida detection include Gram stain 
of smears or touch preps and Papanicolaou smears. If 
microscopic analysis is negative despite persistent symptoms 
following therapy, culture should be performed prior to 
further treatment. Infected secretions are inoculated into tubes 
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of candida culture media [Sabouraud’s dextrose slants or 
Nickerson’s medium have the highest sensitivity (90%) and 
specificity (70%) for Candida strains] (12) and incubated at 
25°C to 37°C (3). Candida grows quickly, often within 24 hours. 
Isolates from sterile sources should be subcultured and 
identified to the species level, but vaginal specimens need only 
categorization to either albicans or non-albicans. Species 
differentiation is based on subculture characteristics. C. albicans 
exhibits both germ tube and chlamydospore growth (3). 
C. parapsilosis, tropicalis, and glabrata produce neither. 

Culture of yeast from blood or tissue specimens is more 
challenging. Automated systems such as the Bactec radio- 
metric system (Johnston Laboratories, Towson, MD) can 
detect Candida in 2 to 4 days. Use of biphasic media further 
improves sensitivity, but requires 5 to 9 days for adequate 
growth (3). Tissue biopsy may inadvertently reveal candidal 
infection (when performed for other indications, not recom- 
mended if candida suspected) with partial or total destruction 
of the surface epithelium and filaments of fungus extending 
into the underlying tissues, covered by a thick film composed 
of inflammatory cells, necrotic debris, yeast cells, and 
pseudohyphae (13). 


Clinical Presentations of Candidal Infections 

Vulvovaginal itching and burning are the most common 
symptoms of Candida vulvovaginitis (reported by 60% of 
women with positive yeast cultures) (11) along with external 
dysuria and a white, curdled vaginal discharge. One-third of 
females with positive vaginal Candida cultures are asympto- 
matic, while one-fourth of women with negative cultures have 
symptoms (11). The symptom spectrum of vulvovaginal 
candidiasis goes from acute/exudative (sudden onset, heavy 
discharge loaded with yeast) to progressive/inflammatory 
(minimal discharge, few organisms, severe itching). The 
pruritus may be a hypersensitivity reaction and may worsen 
with occlusive clothing and in the premenstrual phase of the 
cycle (14). 

Classic physical findings for Candida vulvovaginitis are 
bright erythema and skin erosions with satellite pustules. The 
pustules are non-follicular and are scattered around the eroded 
areas. The erosions are superficial with a narrow white border 
of scale. In advanced cases, the entire perineum may appear 
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scalded and oozing, with excoriations and fissures. Edema may 
be a finding in both early and advanced disease. Inguinal 
lymphadenopathy may accompany perineal involvement. 
Speculum examination reveals inflamed, erythematous, ede- 
matous mucosa with white thrush patches and pooling of the 
thick, white, curd-like discharge in the posterior fornix. The 
cervix may become red, inflamed, and quite friable. 

Males with Candida balanitis (inflammation of the glans 
penis) have swelling, itching, and burning of the glans and 
shaft of the penis. Symptoms are more common in 
uncircumcised males (75%); circumcised men with positive 
yeast cultures are usually asymptomatic (90%) (2). Physical 
findings in the male with Candida balanitis include edema, 
erythema, and peeling of the glans penis and scrotum. 
Transient nonprogressive penile inflammation following 
intercourse may be due to a hypersensitivity reaction to 
Candida in the female partner’s genital tract (2). 


Therapy of Vulvovaginal Candidiasis 

Current recommended therapy for vulvovaginal candidiasis is 
use of a topical imidazole. Imidazoles inhibit fungal cell wall 
synthesis and are absorbed in small amounts through mucous 
membranes (15). There are five topical azoles for the 
treatment of vulvovaginal candidiasis currently available in 
the United Sates (butoconazole, clotrimazole, miconazole, 
terconazole, and tioconazole) (16) many of which have 
multiple dosing forms as well as multiple brand names 
associated. Dosing information for current intravaginal azole 
treatments are listed in Table 1. There are no significant 
differences in efficacy or safety between the currently available 
topically applied azole products, with the caveat that longer 
duration of therapy typically results in slightly higher cure 
rates, so choice of product can be based on cost and 
convenience of dosing regimen. 

Oral treatment of vulvovaginal candidiasis has become quite 
common with the approval of single dose, oral fluconazole 
150mg (Diflucan®). Fluconazole has been shown to be as 
effective as intravaginal clotrimazole (200 mg/day for 3 days) (17), 
intravaginal miconazole (1200mg single dose) (18), and oral 
ketoconazole (400mg/day for 5 days) (19). Short-term 
response rates of 94% (symptomatic) and 85% (mycologic) 
have been reported (20). The older oral medication used for 


Table 1 Topical Azoles for Treatment of Candida Vulvovaginitis 


Generic name Formulation 
Butoconazole 2% cream 
Butoconazole* 2% cream 
Clotrimazole 1% cream 
Clotrimazole 2% cream 
Miconazole 2% cream 
Miconazole 4% cream 
Miconazole Suppository 
Miconazole Suppository 
Miconazole Suppository 
Terconazole* 0.4% cream 
Terconazole* 0.8% cream 
Terconazole* Suppository 
Tioconazole 6.5% ointment 


“Available only by prescription in the United States. 


Daily dose Duration of dosing 
5g 3 days 
5g 1 day 
5g 7-14 days 
5g 3 days 
5g 7 days 
5g 3 days 
100mg 7 days 
200mg 3 days 
1200mg 1 day 
5g 7 days 
5g 3 days 
80mg 3 days 
5g 1 day 


CANDIDA AND PARASITIC INFECTION 


vulvovaginal candidiasis, ketoconazole (Nizoral®), may still be 
considered for use in recurrent or resistant cases, but its use is 
limited by gastrointestinal side effects and ability to cause 
idiosyncratic hepatitis. When taken daily (400 mg for 14 days, 
then 100mg for 6 months), ketoconazole has been shown to 
reduce recurrence rates in complex cases (21). 

Currently recommended alternative treatments for use in 
resistant cases or women with azole allergies include nystatin, 
boric acid, and gentian violet. Nystatin (Mycostatin®) is a 
polyene antifungal, which binds to sterols in the fungal 
membrane, causing membrane incompetence and allowing 
intracellular components to leak out (15). Polyenes are not 
well absorbed orally or via mucous membranes. Boric acid 
powder is placed in capsules, with a 30-day cure rate of 72% 
when given as 600mg daily for 14 days (22). Boric acid therapy 
can provide a very low-cost alternative for therapy of 
yeast vaginitis for resource-limited settings. Gentian violet 
(1% solution painted onto the affected areas two or three times 
a week) can provide rapid symptomatic relief, but is quite 
inconvenient due to permanent staining of skin and clothing. 
Gentian violet is fungicidal via interference with fungal 
enzymes (15). 


Vulvovaginal Candidiasis in Pregnancy 

Vaginal colonization with yeast occurs in 30% to 40% of all 
pregnancies (23). The attack rate is higher in the third 
trimester and symptomatic recurrence is more common than 
that in nonpregnant patients. The cause of increased 
prevalence in pregnancy is not known, but theories include 
fungal growth promotion via estrogen receptors on the vaginal 
mucosa and within the yeast cells, as well as improved fuel for 
growth due to higher mucosal glycogen content (23). Intra- 
amniotic infection with yeast is exceedingly rare with intact 
membranes, but can be seen in the presence of a foreign body, 
such as a cerclage or an intrauterine device, and may cause 
preterm labor or spontaneous abortion by invading the 
umbilical cord and major fetal organs (15). Up to 80% of 
infants that pass through an infected birth canal at delivery are 
colonized with yeast typically resulting in oral colonization 
(thrush) or diaper dermatitis, both easily treated with local 
therapy (24). Congenital cutaneous candidiasis is a dissemi- 
nated papulovesicular to pustular dermatitis involving mainly 
the head, neck, palms, and soles, which resolves rapidly with 
topical antifungal therapy and carries little risk of progression 
to systemic infection in normal neonates (24). 

Treatment of Candida vulvovaginitis in pregnancy is typically 
limited to topical azoles and nystatin (16,25). For many years, 
nystatin was the primary drug used for Candida vulvovaginitis 
in pregnancy because its extremely poor absorption was felt to 
improve its safety (pregnancy category B) (25). As studies have 
proven, the increased efficacy of the azole antifungal agents, 
miconazole, clotrimazole, butoconazole, and terconazole, has 
become the mainstays of therapy in pregnancy. They have been 
used extensively in human pregnancy with no adverse effects or 
increase in congenital malformations noted, but most remain 
pregnancy category C due to the absence of adequate controlled 
human studies. There is no clear leader from this group in terms 
of efficacy and patient satisfaction, so selection may be based on 
availability and cost. Seven-day treatment is usually needed in 
pregnancy due to the higher rates of treatment failure and 
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recurrence. Cure rates are typically 5% to 10% lower than those 
in nonpregnant women for the same dosing regimen. 

None of the alternative agents are recommended for use in 
pregnancy. Fluconazole is associated with fetal loss in animal 
studies with several small human studies that have shown no 
safety concerns, but are not adequate to recommend use in 
pregnancy (pregnancy category C) (25). Ketoconazole given 
orally has been shown to increase abortion and fetal loss in 
mice and rats, with no adequate human studies to document 
its effect on human pregnancy; therefore, its use for vaginitis in 
pregnancy is not recommended (pregnancy category C) (25). 
Boric acid is not recommended in pregnancy due to limited 
absorption of borate through the mucous membranes 
(less than 1mg/mL serum levels). Gentian violet is not 
recommended for use in pregnancy because no adequate 
studies have been performed to judge its safety (pregnancy 
category C). 


Recurrent Vulvovaginal Candidiasis 

Almost one-half of women with an initial infection will have 
additional episodes. The subsequent attacks may be newly 
acquired cases or persistent infection due to incomplete 
eradication. Studies of culture-proven vaginal candidiasis with 
appropriate antifungal therapy show persistence of the same 
Candida strain in 20% to 25% of patients at 4- to 6-week 
follow-up (1). Recurrent candidal vaginitis may be due to 
chronic recolonization of the vagina from the intestine. Studies 
have shown a high strain correlation between the vagina and 
the intestine in those with intestinal colonization (1), but 
several studies of intestinal treatment with nystatin and 
ketoconazole have shown reduction or complete eradication 
of intestinal yeast with no impact on vaginal recurrence rates 
(21,26). 

The role of male-partner penile colonization in promoting 
recurrent vaginitis is unresolved. Evidence in favor of a role for 
this includes a fourfold higher rate of asymptomatic penile 
colonization and the presence of Candida in the ejaculate of 
partners of women with recurrent vaginitis (1). Evidence 
against this includes the lack of documentation of sexual 
transmission previously outlined and the lack of improved 
recurrence rates following treatment of the male partner. 
Attention to hygiene should be recommended in all cases of 
Candida vaginitis. A trial of therapy in the male partner may be 
attempted if other therapy is unsuccessful in resolving 
recurrent infections. 

All patients with recurrent episodes of vulvovaginal 
candidiasis without an obvious precipitating factor should be 
evaluated for underlying systemic disease (diabetes, HIV, or 
other debilitating disease) and use of over-the-counter or 
“home” remedies for the perineal and vaginal areas. Patients 
with continued pruritus without evidence of organisms may be 
experiencing an allergic reaction, not only to the Candida, but 
also to the antifungal medications in which case the 
inflammation should improve following cessation of therapy. 
Refractory vaginitis is a multifocal problem with no single 
solution. Inadequate therapy, resistant organisms, intestinal 
colonization, male-partner colonization, vaginal flora 
abnormalities, immunodeficiency, hypersensitivity reaction, 
and hampered barrier function may all be involved to a 
differing extent in individual patients with recurrent candidal 
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infections. Adequate evaluation, with therapy aimed at 
individual components, is the best approach. 


Systemic Candidiasis 

Systemic candidiasis typically occurs in debilitated patients 
with diabetes, acquired immunodeficiency syndrome, intra- 
venous drug use, malignancies, chemotherapy, prolonged 
antibiotic or steroid therapy, and intravenous hyperalimenta- 
tion (27). Systemic infection can be subdivided into 
disseminated infection, fungemia, and single-organ infection 
(meningitis, endocarditis, pneumonia, arthritis, peritonitis, 
laryngitis, endophthalmitis, and urinary tract infections). 
Systemic candidal infection is usually associated with an 
indwelling foreign body (intravenous catheter, Foley catheter, 
endotracheal tube, etc.). Symptoms are variable; however, 
persistent fever, in spite of broad-spectrum antibiotic cover- 
age, is the most frequent clue, but may be masked in patients 
on high-dose steroids. Hypotension and mental status changes 
(confusion to obtundation) are also common signs. The 
diagnosis of disseminated candidiasis may be difficult. Blood 
cultures may be negative in 40% to 60% of cases proven by 
autopsy. Tissue biopsy, culture of fluids from sterile spaces, 
and urine cultures may be used to enhance detection in those 
at risk. 

Treatment of systemic candidiasis has been changed 
significantly with the recent approval of new medications 
including additional second-generation triazoles (voriconazole 
and posaconazole) and a novel class of antifungals, the 
echinocandins (caspofungin, micafungin, and anidulafungin) 
(28,29). These new products have replaced amphotericin B 
and 5-fluocytosine for the treatment of candidemia with the 
echinocandins currently recommended as the drugs of choice 
due to higher efficacy and voriconazole/posaconazole as 
second-line treatment due to similar efficacy to amphotericin 
with a much improved side effect profile (28). Choice of 
echinocandins is usually based on local availability and cost. 
Unfortunately, survival rates for systemic candidiasis remain 
quite low despite improved therapy due to delays in diagnosis 
(resulting in delayed treatment) and the severity of underlying 
disease, particularly immunocompromise and diminished 
renal function (27). Since the new triazoles and echinocandins 
are quite expensive, amphotericin B and 5-fluocytosine 
continue to be commonly used in low-resource settings. 


Systemic Candidiasis in Pregnancy 

Systemic candidiasis in women of childbearing age is quite 
rare, but occasionally seen in cases with significant underlying 
disease (25). There are no adequate controlled studies during 
pregnancy for any of the medications used for systemic 
candidiasis; however, the life-threatening nature of this 
infection clearly outweighs any concerns over impact of the 
medications on pregnancy. Animal data available for both 
caspofungin and micafungin showed fetal loss and other issues 
(impairment of ossification for caspofungin and visceral 
abnormalities for micafungin) in both rats and rabbits with 
inadequate human data, resulting in both being labeled as 
pregnancy category C (25). The most experience exists for 
amphotericin B (pregnancy category B) (25), but the increased 
efficacy of the echinocandins should still be considered in the 
selection of treatment. Consultation with infectious disease 
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specialists and hospital infection control officers is recom- 
mended for these unusual life-threatening infections in 
pregnancy. 


HELMINTHIC INFECTION IN PREGNANCY 
Introduction 

Helminths are parasitic worms that spend at least a portion of 
their life cycle in an animal or human host. Helminths include 
cestodes (tapeworms), trematodes (flukes), and nematodes 
(roundworms). Helminthic infection has a worldwide dis- 
tribution, but is more prevalent in underdeveloped countries. 
Although the prevalence rates have fallen in the developed 
world, helminthic infection has by no means disappeared. 
Life-threatening parasitic infection in pregnancy is uncom- 
mon in industrial nations of the world, but may be seen in 
individuals who have recently immigrated from less developed 
areas. 

The effects of helminthic infection on pregnancy, although 
generally benign, should be recognized and treated. Anemia is 
a common feature of intestinal parasitic infection (owing to 
intestinal blood loss) and may compound anemia of 
pregnancy. Malnutrition may occur as a result of competition 
for nutrients. Chronic helminthic infection may lead to a 
debilitated state, with the possibility of superimposed bacterial 
infection. Since most helminthic infections in pregnancy are 
only mildly symptomatic, previously most were treated 
symptomatically until the postpartum period when definitive 
treatment was given. More recently, there have been increasing 
recommendations not to delay treatment, particularly in cases 
impacted by anemia. Each organism, however, has to be 
considered individually for therapeutic recommendations. 

The diagnosis of helminthic infection must be individua- 
lized, but may be suspected on the basis of gastrointestinal 
symptoms (nausea, vomiting, and diarrhea) and a history 
compatible with exposure. With notable exceptions, hel- 
minthic infection is diagnosed by demonstration of eggs 
or larvae in feces. In heavy infection, eggs and larvae may be 
seen directly in saline wet mounts. To evaluate lighter 
infections, concentration must be performed via zinc sulfate 
flotation or formalin—ether sedimentation prior to saline wet- 
mount examination. Traditionally, examination of stool 
specimens from 3 consecutive days has been recommended 
to increase sensitivity in detection of ova and parasites in 
lightly infected cases. In moderately to heavily infected cases, 
a single-specimen evaluation should be as effective as 
multiple testing (30). 

A description of the classification system for helminths is 
followed by review of the more commonly identified 
helminths. The chapter is completed by a description of the 
commonly used anthelmintic agents and their status for use in 
pregnancy and lactation. Treatment recommendations for all 
of the helminths detailed in this chapter are based on (i) the 
current treatment guidelines in the CDC parasites A to Z Web 
site (www.cdc.gov/parasites/az/index.html) section for each 
organism (obtained by selecting the organism from the 
index and then selecting “Resources for Health Care Profes- 
sions”) or (ii) The Medical Letter article entitled “Drugs for 
Parasitic Infections” available at The Medical Letter Web site 
(www.medicalletter.org). Additional information regarding 
laboratory diagnosis of helminthic infections can be obtained 
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at the DPDx Web site (www.dpd.cdc.gov/dpdx/HTML/ 
DiagnosticProcedures.htm), which is a service of the CDC 
Division of Parasitic Diseases and Malaria. Links to the 
applicable sections of the Medical Letter “Drugs for Parasitic 
Infections” may also be accessed via the treatment tab for each 
organism on the DPDx Web site. 


Classification and Description of Common Helminthic 
Infections 
All helminths are classified as Platyhelminthes (flatworms) or 
Nematoda (roundworms). Flatworms are further divided into 
cestodes and trematodes (Table 2). Cestodes, or tapeworms, 
have segmented bodies consisting of proglottids attached via 
the neck zone to a head or scolex. The scolex provides 
attachment and locomotion via grooves, suckers, and hooks 
extending from its surface (Fig. 1). Tapeworms are hermaph- 
roditic, with both male and female reproductive organs 
contained in each segment. There is no organized digestive 
tract; nutrients are absorbed via the integument. Excretory and 
nervous systems are present, but only in primitive form (31). 
Trematodes, or flukes, have a flattened, leaf-like body with 
one or more ventral muscular suckers to provide attachment. 
Flukes are monoecious (hermaphroditic), with separate male 
and female reproductive organs that connect at the common 
genital atrium. Trematodes have a more advanced alimentary 
canal, nervous system, and excretory system (Fig. 2). 
All trematodes require a period of external development in 
a snail host (31). Nematodes are unsegmented worms 
with an external cuticle, developed internal organ structures, 


Table 2 Classification of Helminths 
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and somatic musculature (Fig. 3). Most nematodes 
are dioecious (heterosexual), with male and female sexual 
differentiation, and mating required for reproduction. 
The alimentary, excretory, and nervous systems of nematodes 
are more differentiated than those of other helminths. 
Most nematodes undergo four molts, with shedding or 
resorption of the old external cuticle, and formation of a 
new cuticle (31). 


Cestodes 
Taenia saginata and Taenia solium 
Taenia saginata and T. solium have a worldwide distribution 
and cause taeniasis or tapeworm infection. Adult taenias are 
3 to 8m in length and comprise a small scolex (1-2mm) and 
multiple proglottids, each about 0.5cm x 1-2mm in size (32). 
Taenia eggs are yellow to brown and spherical, with thick 
shells (Fig. 4). The life cycle of the taenias involves a definitive 
host (humans) and an intermediate host (T. saginata, cattle; 
T. solium, pigs). Eggs are passed in feces and reach pastures 
where they are ingested by the intermediate host. The larvae 
hatch and migrate to the muscle tissue, where they remain 
until the raw beef or pork is ingested by the definitive host. The 
infective form (cysticerci) requires 3 to 5 months to mature to 
adulthood. Taenia adult worms may live in the human small 
intestine for 25 years. The diagnosis of taenia infection is based 
on identification of eggs or proglottid segments in the patient’s 
stool specimen (32). 

T. solium eggs can be directly infective if ingested by 
humans, causing cysticercosis. Extreme care must be taken in 


Cestodes (tapeworms) 


Taenia saginata 

Taenia solium 
Diphyllobothrium latum 
Hymenolepis nana 
Hymenolepis diminuta 
Echinococcus granulosus 
Echinococcus multilocularis 
Multiceps multiceps 
Dipylidium caninum 


Platyhelminthes 
Trematodes (flukes) 


Schistosoma mansoni 
Schistosoma japonicum 


Schistosoma haematobium 


Schistosoma intercalatum 
Fasciola hepatica 
Fasciola gigantica 
Fasciolopsis buski 
Clonorchis sinensis 
Opisthorchis felineus 
Opisthorchis viverrini 
Gastrodiscoides hominis 
Watsonius watsoni 
Heterophyes heterophyes 
Metagonimus yokogawai 
Paragonimus westermani 


Nematodes (roundworms) 


Enterobius vermicularis 
Trichuris trichiura 
Trichinella spiralis 
Ascaris lumbricoides 
Capillaria hepatica 
Capillaria philippinensis 
Strongyloides 
Ancylostoma 
Necator 
Tricostrongylus 
Toxocara 

Ternidens 
Angiostrongylus 
Metastrongylus 
Anisakis 
Lagochilascaris 
Gongylonema 
Thelazia 
Gnathostoma 
Wuchereria 

Brugia 

Onchocerca 

Loa loa 
Dipetalonema 
Mansonella 
Dracunculus 
Dirofilaria 
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Figure 1 Taenia saginata adult scolex, showing suckers. Source: From Ref. 32. 


handling all specimens with taenia eggs, as T. solium are not 
easily distinguished from T. saginata (32). Cysticercosis is the 
disease caused by larval migration throughout the body. 
Cysticercosis may be severe, even fatal, due to inflammation of 
vital organs, particularly cardiac muscle (33). 

The clinical effects of taeniasis are usually minimal, but a 
minority of cases report abdominal discomfort, vomiting, and 
diarrhea (31). Rare cases of appendicitis and intestinal 
obstruction do occur. The treatment of choice is praziquantel 
(single 5-10 mg/kg oral dose), regardless of pregnancy status; 
niclosamide (single 2-g oral dose) is an alternative. Taenia 
infection generally has minimal effects on pregnancy and can 
typically be left untreated until the postpartum period, unless a 
symptomatic infection with T. solium is diagnosed (owing to 
the risk of cysticercosis). 


Diphyllobothrium latum 

Diphyllobothrium latum, or fish tapeworm, is found in 
northern Europe, North America, and Japan, specifically in 
temperate areas with cold, clear lakes. D. latum adult worms 
are 4 to 10m long, with a small scolex (3 x 1mm) and wide, 
short proglottids (32). The eggs are yellow to brown and ovoid, 
with an operculum (a lid-like structure). The life cycle begins 
as eggs that are passed in feces into water, where they hatch 
2 weeks later, with coracidium released. The coracidium are 
ingested by copepods, where they develop to the procercoid 
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Figure 2 Clonorchis sinensis adult fluke (carmine stain). Source: From Ref. 32. 


stage. Following ingestion of the copepod host by fish, the 
infective form (plerocercoid or sparganum) matures to await 
ingestion of raw fish by humans or other carnivores. D. latum 
migrates to the small intestine, where it attaches and matures 
to an adult. The adult worm may survive for up to 25 years, 
releasing its eggs in the feces (32). Diagnosis is based on 
finding eggs in feces (34). 

Fish tapeworm infection may be asymptomatic or may have 
mild-to-severe gastrointestinal symptoms. Praziquantel (single 
5-10mg/kg oral dose) and niclosamide (single 2-g oral dose) 
are the most commonly used therapies. Unless infection is 
severe, anthelmintic therapy is typically delayed until the 
postpartum period. Diphyllobothriasis may cause vitamin By. 
deficiency in pregnancy, owing to malabsorption; therefore, 
vitamin B,, supplementation is recommended. 
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Figure 3 Enterobius vermicularis adult female. Source: From Ref. 32. 


Hymenolepis nana 

Hymenolepiasis or dwarf tapeworm infection is cosmopolitan in 
distribution. Hymenolepis nana adult worms are small tape- 
worms measuring 2 x 4cm, with short wide proglottids (32). 
The eggs are spherical with a thin hyaline shell (Fig. 5). The 
definitive hosts of H. nana are mice and humans; beetles are 
intermediate hosts. The life cycle involves passage of eggs in 
feces with subsequent ingestion by beetles. The beetles are 
eaten by mice in the natural life cycle. Humans can be infected 
directly, by ingestion of the eggs. In humans, the eggs hatch, 
cysticercoids develop in the wall of the small intestine, and 
tapeworms emerge into the lumen of the intestine to mature to 
adulthood. Eggs are then passed in feces to restart the cycle. 
Hymenolepiasis is diagnosed by the finding of characteristic 
eggs in feces (32). 

The clinical effect of dwarf tapeworm infection in humans is 
variable. There may be no symptoms or gastrointestinal 
complaints (diarrhea, nausea, anorexia, or vomiting) (31). The 
course is generally not severe. Praziquantel (single 25mg/kg 
oral dose) is the drug of choice. Pregnancy is not threatened by 
hymenolepiasis, and treatment is typically deferred to the 
postpartum period. 


Figure 4 Taenia egg (T. solium and T. saginata eggs are indistinguishable). 
Source: From Ref. 32. 


Figure 5 Hymenolepis nana egg. Source: From Ref. 32. 


Echinococcus granulosus, Echinococcus multilocularis, and 
Multiceps multiceps 

The definitive hosts of echinococcus and multiceps species are 
dogs and wild carnivores. On occasion, humans are an 
incidental host, infected by the ingestion of infective eggs. The 
embryos hatch in the intestine and migrate through the body 
to various organs, where cysts develop. Clinical diagnosis is 
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based on biopsy of the cyst/granuloma area or on immuno- 
logic testing. 

Symptoms occur as the cysts enlarge and create a space- 
occupying lesion (31). Multiceps multiceps cysts are com- 
monly located in the subarachnoid space and may cause 
meningitis (31). Pregnancy can be threatened if the 
echinococcal cysts are located in the uterine muscle. 
Intrauterine growth retardation and even impairment of 
labor may result from uterine cysts. Migration and encyst- 
ment in vital organs can be life-threatening. Treatment is 
immediate, regardless of pregnancy status. Surgery to resect 
the cyst is the best therapy. Albendazole (440mg orally BID x 
1-6 months) can be used to reduce cyst size prior to surgery 
and may resolve smaller cysts without surgery. If surgery is 
not feasible and antepartum therapy is needed, praziquantel 
[100 mg/kg orally (divided into three doses) x 1 day, followed 
by 50mg/kg/day orally (divided into three doses per day) x 
28 days] is an alternative therapy that may be preferred for 
use in pregnancy (35), but it is not as effective in reducing 
cyst size. 


Trematodes 

Schistosoma mansoni, Schistosoma japonicum, and Schistosoma 
haematobium 

Schistosomiasis or bilharziasis is mainly seen in the Middle 
East, Africa, and South America, but can be found in 
immigrant populations worldwide. Adult flukes are 0.5 to 
2cm in length, with females longer than males. Male flukes are 
wider with a posterior fold, the gynecophoric canal, in which 
the female rests. All schistosoma eggs are non-operculate with 
a transparent shell and either a lateral spine (S. mansoni) or 
terminal spine (S. japonicum) (32). Schistosoma adult worms 
live in the small blood vessels of the pelvic venous plexi. The 
female lies within the canal of the male for copulation and 
oviposition. The eggs migrate through the vessel wall and 
intervening tissues to reach the bladder or bowel, from which 
the eggs are excreted. If passed into water, the eggs hatch into a 
miracidial form that can penetrate and infect snails, the 
intermediate host. While in the snail, the miracidia mature to 
cercariae. The cercariae burst out of the snail host into water, 
where they directly infect humans through skin penetration. 
The schistosomule is transported via the venous system, 
through the heart and pulmonary vessels, to be propelled into 
the arterial system by the left ventricle. The schistosomules 
mature in the large vessels prior to migration to the terminal 
vascular beds, where the life cycle is completed (36). All 
therapies destroy only the flukes and have no effect on the 
migrating eggs (36). Diagnosis of schistosomal infection is 
based on the finding of eggs in urine, feces, or vaginal 
secretions, or the identification of adult worms or eggs in 
biopsy of the granulomas. 

Initial infection (schistosome penetration) results in itching 
and papular rash. The migration of immature flukes causes 
fever, cough, allergic symptoms, and gastrointestinal com- 
plaints 2 to 4 weeks after initial exposure. Chronic schistoso- 
miasis may cause anemia, cirrhosis, and urogenital disease. In 
females, this may include obstructive uropathy, abdominal 
pain, menorrhagia, salpingitis, oophoritis, sterility, and ectopic 
pregnancy (36). Praziquantel (20 mg/kg orally BID x 1 day for 
S. mansoni, S. haematobium or S. intercalatum, or 20mg/kg 
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orally TID x 1 day for S. japonicum or S. mekongi) is the 
treatment of choice for schistosomiasis. 

Schistosome infiltration of the placenta has been reported, 
but is quite rare (36). Infection of a fetus with schistosomiasis 
was last reported in 1920 (36). Schistosomiasis has been 
associated with a number of adverse pregnancy outcomes 
including spontaneous abortion, preterm labor, low birth 
weight, and maternal morbidity/mortality, but additional 
prospective data are needed to quantify the impact (37). 
Heavy maternal schistosomal infection has been associated 
with decreased hemoglobin levels and increased prevalence 
of anemia in pregnant women, additive upon the typical 
anemia of pregnancy. Maternal anemia is strongly associated 
with low birth weight and maternal mortality (particularly in 
cases with antepartum or postpartum hemorrhage). Chronic 
schistosomiasis has also been associated with increased 
release of pro-inflammatory cytokines, which have been 
implicated in both the decreased appetite seen with 
schistosomiasis (which may contribute to low birth weight 
through maternal malnutrition) and with inflammation of 
the placenta (which may cause abortion and preterm 
labor) (37). 

In the past, treatment of schistosomiasis in pregnant women 
was typically postponed until after delivery, but with more 
information associating maternal infection with adverse 
pregnancy outcomes, World Health Organization (WHO) 
recommended in 2002 that pregnant women with schistoso- 
miasis be treated with praziquantel (dose same as listed above 
for nonpregnant adults) upon diagnosis and that pregnant 
women not be excluded from mass drug administration 
(MDA) programs aimed at the elimination of schistosomiasis 
(38,39). The “informal” WHO recommendation remains 
controversial since praziquantel is not specifically licensed 
for use in pregnancy, but efforts are underway to obtain the 
prospective human safety data needed to convince resistant in- 
country authorities to implement this recommendation (37). 


Nematodes 

Enterobius vermicularis 

Enterobiasis or pinworm infection is universally distributed 
and is mainly seen in children. Adult male worms are small 
(2-3mm) and females are larger (8—13mm), both with long, 
pointed tails (40). Pinworm eggs are elongated with one flat 
side and have thick, colorless shells (Fig. 6). The definitive 
hosts for Enterobius vermicularis are humans. The female 
pinworms exit the rectum to lay eggs on the perianal skin 
overnight. The eggs embryonate in 4 to 6 hours to become 
infective. Eggs that are ingested hatch and develop in the lower 
intestinal tract (the cecum, appendix, and colon). Ingestion is 
facilitated by hand-to-mouth transmission or fomites. The 
adult worms may live for several months in the colon and 
rectum (32). Diagnosis is based on clinical suspicion and 
cellulose tape prep from perianal skin. Eggs are not found in 
feces. Cellulose tape prep is performed by taking clear cellulose 
tape, touching it to the perianal skin, and then adhering it to a 
microscope slide for examination (32). The tape prep is most 
accurate if done immediately upon arising, prior to bathing. 
The symptoms of pinworm infection are all related to the 
perianal egg deposition. Insomnia, restlessness, perianal 
itching/inflammation, and perianal bacterial infection 
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Figure 6 Enterobius vermicularis eggs. Source: From Ref. 32. 


(secondary to excoriation) are the common clinical effects 
(31). Albendazole (single 400-mg oral dose followed by a 
second dose 14 days later), mebendazole (single 100-mg oral 
dose, followed by a second dose 14 days later), and pyrantel 
pamoate [single 11-mg base/kg (maximum 1-g base) oral dose, 
followed by a second dose 14 days later] are the drugs most 
commonly used for treatment. The entire family should be 
treated simultaneously, and clothing and bedding should be 
washed with hot water or chlorine bleach. 

Pinworms can migrate through the vagina, uterus, and 
fallopian tubes, but no detrimental effect on the fetus or the 
pregnancy has been reported (41). Therapy is typically delayed 
until after delivery, unless the infection is potentially 
compromising the pregnancy. Pyrantel pamoate can be used 
after the first trimester (41). 


Trichuris trichiura 

Trichuriasis, or whipworm infection, is cosmopolitan in 
warm, moist areas. Adult whipworms are 3 to 5mm long, 
with a slender, whip-like anterior end used to thread its way 
into the colonic mucosa (32). Whipworm eggs are barrel 
shaped, with a thick shell and plugs at each end (Fig. 7). 
Humans are the definitive host for Trichuris trichiura. 
Whipworm eggs pass in feces into the soil for further 
development. Infective eggs are ingested and hatched. The 
larvae migrate to the large intestine, where they mature to 
adulthood. The adult worms may remain in the colon for 
more than 10 years. Whipworm infection is diagnosed by 
finding eggs in feces (32). 

Symptoms vary from none, in light infection, to colitis with 
bloody, mucous diarrhea in heavier infestation (31). Chronic 
infection can result in rectal prolapse, due to inflammation. 
Whipworm may be treated with albendazole (400 mg orally x 
3 days), mebendazole (100mg orally BID x 3 days), or 
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Figure 7 Trichuris trichiura egg. Source: From Ref. 32. 


ivermectin (200uUg/kg/day orally x 3 days). The impact of 
whipworm infection on pregnancy is mainly anemia due to 
increased gastrointestinal blood loss. Fetal infection has not 
been reported. Therapy for pregnant women is typically 
deferred until after delivery. 


Trichinella spiralis 

Trichinosis has a worldwide distribution, but is most prevalent 
in Europe and North America. The adult Trichinella spiralis 
are 1 to 4mm in length (32). The female is viviparous, 
delivering larvae; thus, there is no external egg stage. All 
carnivorous species, including humans, are the definitive 
hosts. Most human infections result from ingestion of 
inadequately cooked meat. Bear, wild pig, boar, horse, and 
dog meat are the usual sources, but pork is the most common 
cause in the United States (42). Adult worms, living in the 
small intestine, release larvae into the mucosal epithelium. The 
larvae enter the bloodstream and migrate to muscle tissue, 
where they embed and mature to the infective stage. A cyst 
envelops the larva, and it remains infective until the cyst 
calcifies, killing the larva. When meat containing encysted 
larvae is ingested, the cysts are dissolved by gastric secretions, 
and the infective larvae are released. Within 36 hours, 
maturation occurs, and within a week larvae are produced, 
to become encysted in this new host. Diagnosis of trichinosis is 
based on the history of ingestion of undercooked meat and a 
compatible clinical picture (32). Definitive diagnosis requires 
either laboratory detection of specific antibodies or muscle 
biopsy finding encysted larvae (31). 

The clinical effects of trichinosis in humans range from no 
symptoms to fatality. The initial ingestion of infected meat may 
cause diarrhea and gastroenteritis. The majority of symptoma- 
tology results from the larval migration and the resultant 
inflammatory response. Fever, edema, dyspnea, urticaria, 
weakness, and myositis are common manifestations (31). The 
ocular muscles are generally the most severely affected, but 
myocardial involvement is the most common cause of death (42). 
Therapy is a combination of anthelmintic agents, corticosteroids, 
anti-inflammatory agents, and supportive care (40). Mebenda- 
zole (200-400 mg orally TID x 3 days followed by 400-500mg 
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orally TID x 10 days) and albendazole (400 mg orally BID x 8-14 
days) are the recommended drugs. Anthelmintic destroy adult 
worms, not the larvae; however, once larval production ceases 
the disease is self-limited; symptoms resolve as soon as all larvae 
are encysted. 

Trichinosis in pregnancy typically follows a moderate 
course, but may result in abortion, preterm labor, or 
intrauterine fetal death (42). Intrauterine infection has been 
reported twice, resulting in fetal/neonatal death (42). Trichi- 
nosis in pregnancy should be treated with mebendazole or 
albendazole as above when the maternal condition is such that 
the benefit to the mother outweighs the potential risk to the 
fetus. 


Ascaris lumbricoides 
Ascariasis or roundworm infection is most prevalent in warm, 
moist climates, but can be seen anywhere. Adult worms are 
quite large (15-30cm long), with males longer and thinner 
than females (32). Ascaris eggs have thick, bile-stained shells 
(Fig. 8). Humans are the definitive host. The life cycle begins as 
eggs are passed in feces into soil or water. The infective eggs are 
then ingested, with larvae released in the small intestine. The 
larvae migrate through the venous system to the lungs, where 
they cross into alveoli and climb the bronchial tree. The larvae 
are then swallowed, and return to the small intestine, to 
mature into adults (32). The life span of adult ascaris is less 
than 1 year (41). Ascariasis is diagnosed by finding eggs in feces 
or on barium enema, when elongated filling defects occur (31). 
There are two types of clinical disease related to ascariasis. 
Loeffler’s syndrome is heralded by inflammation and 
pulmonary symptoms due to the migration of the larvae. 
Migration of the adult worms may cause obstruction of the 
bile duct or the appendix (41). Migration of adult females into 
the hepatic duct allows eggs to be released into the liver, 
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Figure 8 Ascaris lumbricoides egg. Source: From Ref. 32. 
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resulting in multifocal abscess formation (31.) Most patients, 
however, have minimal or no symptoms. Albendazole (single 
400-mg oral dose), mebendazole (100mg orally BID x 3 days 
or single 500-mg oral dose), and ivermectin (single 150- 
200ug/kg oral dose) are recommended for treatment. 
Ascariasis in pregnancy is generally asymptomatic. Trans- 
placental infection has been reported, but is quite rare (41). 
Pregnant women should, however, be treated prior to labor or 
cesarean section, because of the risk of adult worm migration, 
stimulated by the stress of labor or general anesthetics. 


Capillaria hepatica and Capillaria philippinensis 

Hepatic capillariasis has a worldwide distribution, whereas 
intestinal capillariasis is seen mainly in the Philippines and 
Thailand. The adult worms are 2 to 4mm long (32). Capillaria 
hepatica adults live in the liver parenchyma, whereas 
C. philippinensis adults remain in the small intestine. Capillaria 
eggs have striated shells and are unembryonated. Humans are 
incidental hosts; birds and rodents are the definitive hosts. The 
C. hepatica life cycle involves passage of eggs into feces, which 
then embryonate and are ingested by rodents (or humans). 
The larvae hatch and migrate to the liver to mature. The adult 
worms deposit eggs in the liver, where they remain until the 
rodent is consumed by a carnivore. In digestion, the eggs are 
released from the liver and pass in the carnivore’s feces to 
restart the cycle (32). C. philippinensis eggs pass into water, 
where they are ingested by fish, and develop to the infective 
stage. Birds (or humans) are infected by eating raw fish. The 
adult worms live in the birds’ (or human’s) intestine and pass 
eggs in its feces (32). 

Hepatic capillariasis is quite uncommon in humans and 
requires liver biopsy for diagnosis. Intestinal capillariasis is 
more common and can be diagnosed by finding eggs in 
feces (32). The clinical course resembles sprue, with diarrhea 
and severe gastrointestinal symptoms (31). Human autoinfec- 
tion can occur, worsening the prognosis significantly. 

Capillariasis in pregnancy may be left untreated until 
postpartum if symptoms are mild. Severe cases must be treated 
antepartum. Mebendazole (100mg twice a day for 3 days) is 
the drug of choice, regardless of pregnancy status (40). 


Strongyloides stercoralis 
Strongyloidiasis has a worldwide distribution, but is most 
common in warm climates with a high water table. Adult 
worms are all females. They measure 2 to 3mm in length and 
live in the small intestine. Strongyloides eggs are thin 
shelled (32). Female worms deposit eggs in the intestinal 
mucosa, where they hatch, releasing larvae. The larvae migrate 
into the lumen and pass in the feces into soil. Following 
maturation in the soil, infective larvae infect humans through 
direct skin penetration. The larvae then migrate, via the 
venous system and lungs, to the intestine, where they mature 
to adulthood and lay eggs. The entire life cycle may occur 
outside the body (in soil) or inside the body (internal 
autoinfection) (32). Strongyloidiasis is difficult to diagnose. 
Fecal concentration techniques are required to find larvae in 
feces, owing to the low number present. 

The clinical effects of Strongyloides stercoralis infection 
include rash or pruritus (penetration phase); pneumonitis and 
cough (migration phase); and abdominal pain, diarrhea, 
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nausea, and vomiting (intestinal phase) (31). Immunosup- 
pressed patients are at high risk from fulminant autoinfection. 
The drug of choice for treatment is ivermectin (200 ug/kg/day 
orally x 2 days) with albendazole (400 mg orally BID x 7 days) 
listed as an alternative. Strongyloidiasis in pregnancy may be 
left untreated until postpartum if symptoms are mild. Severe 
cases should be treated antepartum. 


Necator americanus and Ancylostoma duodenale 

Hookworm infection is common throughout Africa, Asia, and 
the South Pacific. Adult worms are small (7-11 mm in length), 
with females being larger than males. Hookworm eggs are thin 
shelled and colorless (32). Adult hookworms may live in the 
human intestine for 5 to 15 years, with the eggs being passed in 
feces. The eggs enter soil, hatch, and mature to third-stage 
(infective) larvae (Fig. 9). Infective larvae directly penetrate 
human skin and migrate, via the lungs, to the small intestine, 
where they mature to adulthood (41). Hookworm infection is 
diagnosed by finding eggs in feces (32). 

Light hookworm infection is asymptomatic. Heavy infection 
produces hypochromic macrocytic anemia, due to intestinal 
blood loss (31). Treatment is albendazole (single 400-mg oral 
dose), mebendazole (100mg orally BID x 3 days or single 
500-mg oral dose), or pyrantel pamoate [11mg base/kg/day 
(maximum 1-g base) orally x 3 days]. 

Prior to modern therapy, severe hookworm infection in 
pregnancy was associated with significant maternal (27%) 


Figure 9 Necator/Ancylostoma (hookworm) infective third-stage larva. 
Source: From Ref. 32. 
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and perinatal (23%) mortality (41). Maternal anemia, if 
untreated, may result in debilitation and heart failure (43). 
This maternal morbidity may cause fetal loss through 
abortion, preterm delivery, or stillbirth. Congenital infection 
has been reported (41). In 2002, WHO published a new 
guidance document recommending immediate treatment of 
hookworm infections in pregnant women beyond the first 
trimester, based in part on 20 years of experience using 
mebendazole in antenatal clinics in Sri Lanka without excess 
adverse events (38,39). Clinical trials of anthelmintic treat- 
ment for hookworm in pregnancy suggest that treatment is 
safe and may reduce maternal anemia, low birth weight, and 
infant mortality (44). Addition of iron therapy to anthelmintic 
treatment may further improve maternal anemia (44). 


Toxocara canis 

Toxocara canis (visceral larva migrans) is cosmopolitan, with 
dogs as the definitive host. The adult worms are 4 to 10cm 
long and inhabit dog intestines. Toxocara eggs are thick shelled 
and spherical. Humans are incidental hosts (32). Toxocara eggs 
pass into soil, mature, and are ingested by rodents. Upon 
ingestion, the larvae are released and migrate throughout the 
body. Dogs ingest infected meat, with release of larvae in the 
stomach and maturation in the intestine. Human infection, 
called visceral larva migrans, occurs via ingestion of infective 
eggs with subsequent larval release and migration (32). 
Clinical diagnosis is based on history of contact with a pet 
and clinical examination. Laboratory diagnosis can be made by 
serologic testing for larval antigens, but there is some cross- 
reactivity with Ascaris lumbricoides. Clinical diagnosis is 
considered sufficient for treatment. 

Human infection generally occurs in children who have 
contact with outdoor pets. The clinical syndrome varies based 
on the number of migrating larvae and the degree of 
inflammation and immune response to those larvae. It may 
include fever, cough, wheezing, abdominal pain, and hepato- 
megaly. Eosinophilia is usually present. Treatment with 
steroids and anti-inflammatory medications is indicated to 
reduce the inflammation associated with migration of the 
larvae. Albendazole (400mg orally BID x 5 days) and 
mebendazole (100-200mg orally BID x 5 days) are the 
recommended anthelmintic treatments. Infections during 
pregnancy may be left untreated until postpartum if symptoms 
are mild. Severe cases must be treated antepartum. 


Anthelmintic Agents and Their Status for Use in Pregnancy 
Anthelmintic agents are quite effective, with cure rates of 70% 
to 100% following a single course of therapy (34). Niclosa- 
mide, praziquantel, and pyrantel pamoate are the anthelmintic 
agents commonly used in pregnancy (Table 3). Mebendazole 
and albendazole are avoided, if possible, owing to the 
teratogenicity in rat and rabbit models but have quite a bit 
of reassuring human data despite the absence of large 
randomized trials to prove safety. Ivermectin is also avoided 
if possible due to teratogenicity in animals with very limited 
human experience thus far. Table 4 summarizes the classifica- 
tion of anthelmintic agents for use in pregnancy or lactation. 

Pyrantel pamoate, a pyrimidine derivative, acts by paralyz- 
ing nematodes, allowing them to be expelled. Its action is 
similar to depolarizing neuromuscular blocking agents (41). 
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Table 3 Summary of anthelmintic Therapy and Recommendations for Treatment in Pregnancy 


First choice Alternative 
Cestodes 
Taenia“ Praziquantel Niclosamide 
Diphyllobothrium“ Praziquantel + vitamin B,> Niclosamide+ vitamin Bj 
Hymenolepis“ Praziquantel 
Echinococcus? Surgery Albendazole/praziquantel 
Trematodes 
Schistosoma” Praziquantel 
Nematodes 
Enterobius (pinworm)° Pyrantel pamoate Albendazole/mebendazole 
Trichuris (whipworm)* Mebendazole/albendazole Ivermectin 
Trichinella” Steroids + mebendazole/albendazole 
Ascaris? Albendazole/mebendazole Ivermectin 
Capillaria“ Mebendazole 
Strongyloides“ Ivermectin Albendazole 


Ancylostoma/necator (hookworm)“ 
Toxocara (visceral larva migrans)“ 


Pyrantel pamoate + iron 
Steroids + albendazole/mebendazole 


Albendazole/mebendazole 


“Treat immediately. Treat in second or third trimester. “Treat postpartum unless severe. “Treat prior to delivery. 


Table 4 Summary of Pregnancy/Lactation Recommendations 


Anthelmintic agent Pregnancy use category 


Albendazole E 
Mebendazole C 
Ivermectin Cc 
Pyrantel pamoate B* 
Niclosamide B 
Praziquantel B 


Recommendations for breastfeeding women 


NR (no data) 
Compatible 
NR (no data) 
Compatible 
NR (no data) 
Compatible 


*Based on available data, but never assigned by the FDA. Abbreviation: NR, Not recommended. 


Pyrantel pamoate is very poorly absorbed, with half remaining 
in the intestinal tract unabsorbed. This poor absorption is the 
basis for its recommendation as first-line therapy in 
pregnancy. Blood levels of pyrantel pamoate are quite low, 
but it is not known whether it crosses the placenta. Animal 
teratology studies were negative, and no human malforma- 
tions have been reported (compatible with pregnancy 
category B, but never labeled by the FDA). Pyrantel pamoate 
is considered safe for use while breastfeeding, due to its low 
absorption. Side effects (gastrointestinal complaints) are 
generally minimal and are not increased in pregnancy. 
Pyrantel doses can be calculated from the pamoate form or 
the free base (1 mg base = 2.9mg pamoate form). Anthelmintic 
doses are 5 to 10mg/kg pyrantel base or 15 to 
30mg/kg pyrantel pamoate (maximum daily dose, 1-g pyrantel 
base) (41). 

Niclosamide, a salicylanilide, inhibits oxidative phosphor- 
ylation in the cestode mitochondria, killing the worm on 
contact. Niclosamide has been shown to have no teratogenic 
effect in rat and rabbit studies (45). No human malformations 
have been reported (pregnancy category B). The drug is poorly 
absorbed, but no information is available on niclosamide levels 
in breastmilk or on its ability to cross the placenta. There are 
inadequate data to assure the safety of uninterrupted 
breastfeeding following niclosamide therapy. Since single-dose 
therapy is used, temporary interruption (24 hours) of 
breastfeeding with disposal of milk can accommodate this 
therapy. 


Praziquantel (an isoquinolone) is the drug of choice for 
most trematode infections in pregnancy (43). It is well 
tolerated with minimal side effects (36). Studies of teratogeni- 
city have been negative in mice, rats, and rabbits (46,47). There 
are no reports of human malformations (pregnancy 
category B). Praziquantel is secreted in breastmilk at 29% of 
the maternal serum level (34). Praziquantel use is considered 
compatible with breastfeeding. In order to reduce potential 
infant exposure with single-dose maternal therapy, the mother 
can pump and discard the milk for 1 to 2 days to allow 
clearance of the drug. 

Ivermectin is an anthelmintic macrocyclic lactone similar to 
macrolide antibiotics but with no antibiotic activity. Its activity 
against helminths comes from affecting ion channels in the cell 
membrane to increase permeability causing cell death. 
Ivermectin is a pregnancy category C drug, due to animal 
data suggesting teratogenicity, without controlled data in 
humans. There are only a few case reports of ivermectin use 
in pregnancy thus far, but there were no issues noted in those 
cases. Use of ivermectin in pregnancy is thus recommended 
only when the benefit to the mother outweighs any potential 
risk to the fetus. Ivermectin is excreted into breastmilk at low 
levels so its use during breastfeeding is likewise recommended 
only if the benefit to the mother outweighs any risk to the infant. 

Albendazole and mebendazole (benzimidazole derivatives) 
are the drugs of choice for treatment for most nematode 
infections. Both are pregnancy category C based on animal 
data suggesting teratogenicity without controlled data in 
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humans. Mebendazole has been used extensively in the second 
and third trimesters in Sri Lanka, Nepal, and Madagascar, 
where it is routinely used for deworming in antenatal clinics 
without evidence of increased adverse outcomes (48). Both 
albendazole and mebendazole have been used in a number of 
second- and third-trimester clinical trials to study the benefit 
of deworming in pregnancy with more than 400 women 
having been exposed with no increase in adverse events 
reported (44). There was a case series from Sri Lanka reporting 
increased congenital anomalies with first-trimester mebenda- 
zole use so that is not recommended unless the maternal 
condition is severe enough to require immediate treatment 
without regard for fetal risks (49). Mebendazole has very 
limited excretion in breastmilk so is compatible with 
breastfeeding. There are inadequate data on albendazole to 
recommend use during breastfeeding. 


PROTOZOAN INFECTIONS IN PREGNANCY 
Trichomoniasis 

Trichomonas vaginalis is an extracellular flagellated single-cell 
protozoon that colonizes the female lower urogenital tract and 
male urethra. Humans are the only host for T. vaginalis and 
the organisms cannot survive outside their human hosts for 
very long. T. vaginalis replicates by binary fusion of the 
trophozoite form. Trichomoniasis is transmitted from person 
to person, typically via genital contact at the time of sexual 
intercourse. Although transmission via fomites, such as towels 
or clothing, has been theorized, non-venereal transmission has 
not yet been documented. 

Diagnosis of trichomoniasis has classically been performed 
by wet-mount microscopy, which is highly specific, but not 
very sensitive missing up to 40% of infections. There are two 
FDA-cleared rapid tests for detection of trichomoniasis in 
vaginal secretions, OSOM Trichomonas Rapid Test (Genzyme 
Diagnostics, Cambridge, Massachusetts), and the Affirm VIP 
III (Becton Dickenson, San Jose, California). Both were 
developed as point-of-care tests with results in 10 and 45 
minutes respectively. Both have improved sensitivity over wet 
mount (>83%), but even though the specificity is quite high 
(>97%), false-positive test results can be a problem in low- 
prevalence settings (50). Trichomonas culture is also sensitive 
and highly specific. Several nucleic acid detection techniques 
are available for diagnosis of trichomoniasis and are 
particularly useful for diagnosis in men due to higher 
sensitivity than the previously used culture techniques. 

Colonization with T. vaginalis is asymptomatic in most 
males and initially in many females, but it is estimated that 
50% to 90% of women with vaginal colonization will 
ultimately become symptomatic if left untreated (23). 
Symptoms in women include a profuse, malodorous, frothy, 
yellow-green vaginal discharge and vulval itching or burning. 
Males have symptoms consistent with non-gonococcal 
urethritis, including urethral discharge, local itching/burning, 
and pain with urination. Treatment of trichomoniasis is 
typically limited to drugs from the nitroimidazole family— 
metronidazole (single 2-g oral dose or 500mg orally BID x 
7 days) and tinidazole (single 2-g oral dose) (50). 
Simultaneous treatment of all sexual partners prior to next 
sexual contact is recommended to prevent immediate 
recolonization. There has been some controversy over the 
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legal status of providing trichomoniasis treatment to the 
patient to deliver to his/her partners in the absence of direct 
contact between the partners and the health-care system, but 
many U.S. states have now enacted legal protection for 
partner-delivered therapy for sexually transmitted diseases. 
Assessment of local standard of care and legal requirements 
is recommended prior to initiating a practice of partner- 
delivered therapy. 

Trichomoniasis in pregnancy has been associated with 
adverse pregnancy outcomes including premature rupture of 
membranes and preterm delivery. A large multicenter trial 
was conducted to see whether treatment of asymptomatic 
trichomoniasis at the end of the second trimester could 
reduce the rate of preterm birth (51). Unfortunately, this 
study reported a somewhat increased rate of preterm delivery 
in the treated women as compared with the placebo group. 
This increase has not been confirmed in other studies and 
there has been much discussion of potential limitations of 
this trial (including the timing and dosage of the treatment), 
but to date there has been no benefit identified for treatment 
of asymptomatic pregnant women (52). By contrast, 
treatment of symptomatic pregnant women with metroni- 
dazole (single 2-g oral dose) is recommended upon diagnosis 
(50). Metronidazole has no evidence of teratogenicity in 
animal studies and extensive use during human pregnancy 
(pregnancy category B). Some women may prefer to await 
completion of the first trimester prior to treatment to avoid 
exposure during organogenesis. Tinidazole has evidence of 
increased fetal mortality in animal studies with no controlled 
human studies (pregnancy category C). Since tinidazole has 
no advantage over metronidazole with potential for increased 
risks, tinidazole is not recommended for use during 
pregnancy. Metronidazole is excreted into breastmilk at 
levels similar to those found in maternal plasma after oral 
dosing, thus the American Academy of Pediatrics recom- 
mends that women pump and discard breastmilk for 12 to 
24 hours following maternal single-dose oral metronidazole 
therapy to reduce infant exposure (50). It should be noted 
that the levels seen in the infant after maternal therapy 
during breastfeeding are lower than levels achieved in infants 
directly treated with metronidazole. Tinidazole is also 
excreted into breastmilk at levels similar to maternal plasma 
following oral dosing. Since tinidazole is still detectable in 
breastmilk up to 72 hours after the last dose, pumping and 
discarding milk for 3 days are recommended to reduce infant 
exposure. 


Lice 

Head Lice 

Pediculosis capitis is caused by Pediculus humanus capitis, an 
ectoparasite that infests the human head. Humans are the only 
hosts. Adult lice require human blood to survive and die 
within 1 to 2 days if unable to feed. Adult lice live for about 
30 days attached to the proximal hair shafts to provide close 
proximity to the scalp for feeding. Adult females may lay up to 
eight eggs (nits) per day adjacent to the scalp to allow the 
warmth from the head to incubate them. The nits are small 
(<1 mm) white-yellow oval eggs that hatch to form nymphs 
within a week, leaving the empty shell attached to the hair 
shaft. The nymphs are initially tiny, but grow rapidly to 


87.14 


become adults in about 7 days when the lifecycle begins again. 
The diagnosis is based on seeing either adult lice or nits in 
the hair. 

Pediculosis capitis is quite common with the estimated 6- to 
12-million infestations per year in the United States alone, 
mostly in school-aged children. Head lice are usually 
transmitted via head to head contact with an infected 
individual, but may be transmitted via fomites such as hats, 
towels, combs, or bed linens recently used by an infected 
person. The high prevalence among school children is thought 
to be due to frequent contact through sports or play as well as 
the sharing of combs and hair brushes. Infestation with head 
lice is not related to the level of hygiene. Clinical manifesta- 
tions of infection are typically itching of the scalp due to 
hypersensitivity to the louse bites. Itching may not occur until 
4 to 6 weeks after the first infection due to the time required to 
develop an allergic reaction. Although adult lice move from 
person to person, head lice are not known to transmit other 
diseases (53). 

The diagnosis of pediculosis is often made by the infected 
person or a family member seeing the adult lice or nits in the 
hair or on a comb or brush. A number of further diagnostic 
techniques have been employed including visual inspection 
(with or without magnification), use of combing (either dry 
with a special fine-toothed comb or wet following washing and 
application of a conditioner), shampooing with use of a 
strainer to collect the rinse water, and collection of hair 
clipping from hairdressers (54). In comparison, self-diagnosis 
is almost as sensitive (80%) as wet or dry combing, with visual 
inspection being by far the least sensitive technique, even with 
magnification. Since dry combing requires less equipment 
(only need the fine-toothed comb; no need to wash and 
condition the hair as required for wet combing) and can thus 
be performed in any setting, it is typically the diagnostic test of 
choice, particularly in school-based screening. 

Treatment of head lice is recommended for all infected 
persons. It is important to assess household members of an 
infected individual for active infection (as described above) in 
order to treat all infected household members at the same 
time. Prophylactic treatment of anyone who shares the same 
bed with an infected person has been recommended, but mass 
treatment of the entire household is not. Treatment of head 
lice is performed using a pediculicide applied to the hair and 
scalp then washed off. Since the medications typically kill only 
adult and nymph lice (not the nits), retreatment is usually 
required in 7 to 9 days to kill any recently hatched lice. 
Commonly used products available over-the-counter in the 
United States are pyrethrins combined with piperonyl 
butoxide (Pronto®, RID®) and the synthetic pyrethrin, 
permethrin 1% lotion (Nix®). Pyrethrins are neurologic toxins 
to insects by alterations of the sodium channels resulting in 
neurologic paralysis and death to exposed insects. Worldwide 
resistance to pyrethrins appears to be increasing, so repeating 
treatment beyond a third dose is not recommended (55). 
Alternative products used primarily for resistant cases that do 
not respond to treatment with a pyrethrin include Malathion 
0.5% lotion, benzyl alcohol 5% lotion, and lindane 1% 
shampoo (all available only by prescription) (56). Supple- 
mental measures, such as thorough combing to remove nits, 
washing of bed linens, bombs, and brushes in hot water, and 
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sealing unwashable items in sealed plastic bags for 2 weeks, 
may assist in eradication of infection, but are not essential. 
Since the adult lice and nits die rapidly when removed from 
the human host, extensive household cleaning is not typically 
required. There is no role for household fumigation or other 
use of insecticides in the management of pediculosis. 

Pediculosis capitis during pregnancy follows a similar course 
to nonpregnant adults so treatment prior to delivery is not 
required, but there is typically a desire to treat due to the itching 
and psychologic distress of carrying a parasite in a visible 
location. Permethrin is the drug of choice for treatment in 
pregnancy and breastfeeding due to the low systemic absorp- 
tion (<2% of the applied dose) and rapid clearance (53). There 
was no teratogenicity noted in animal studies of permethrin 
and there are no controlled human trials so it is a pregnancy 
category B drug. Observational reviews of use in humans have 
not identified any increased risk of adverse pregnancy 
outcomes (53). Permethrin use is considered to be compa- 
tible with use during breastfeeding due to the very low levels 
found in breastmilk. Malathion is also a pregnancy category B 
drug, but is typically not used in pregnancy or breastfeeding. 
Lindane and benzyl alcohol have been associated with 
abnormal neurodevelopment in animal teratogenicity studies 
(pregnancy category C) so should not be used in pregnancy 
unless absolutely necessary. 


Body Lice 

Pediculosis humanus corporis is caused by the ectoparasite 
Pediculus humanus humanus. Similarly to head lice, humans 
are the only host for body lice. The life cycle is quite similar to 
head lice, with the entire lifecycle occurring on hair shafts in 
close proximity to the skin. Body lice infestations typically 
occur in conditions of poor hygiene and overcrowding, such as 
those seen among homeless individual or in refugee camps. 
The primary clinical manifestation is itching, with the 
potential for skin thickening in chronically infected areas. 

A major difference between head lice and body lice is the 
ability of body lice to transmit other diseases. Typhus, trench 
fever, and endemic relapsing fever have all been transmitted 
by body lice (57). Pediculus humanus humanus has recently 
been shown to be capable of transmitting Yersinia pestis as 
well and may have contributed to the transmission of the 
Black Plague (58). Body lice are diagnosed by visualization on 
clothing or skin, which may require magnification. Body lice 
can typically be resolved by improved hygiene, including use 
of a clean change of clothing at least weekly with laundering 
of clothing and towels in hot water (59). Treatment with a 
pediculicide is not typically required, but if needed the same 
medications used for head lice are used for body lice. There 
are no specific issues related to pregnancy. 


Pubic Lice 

Pediculosis pubis is caused by the ectoparasite, Phthirus pubis. 
As was true for head and body lice, humans are the only host 
for pubic lice and the life cycle is quite similar. Similar to head 
lice, pubic lice have not been reported to transmit other 
diseases. A common lay term for pubic lice is “crabs” due to 
the more rounded crab-like appearance of pubic lice 
compared with the more elongated head and body lice. Pubic 
lice are found on the coarse body hair located in the pubic 
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region, but may also be seen on other coarse body hairs 
including beards, mustaches, eyelashes, eyebrows, and axillary 
hair. Transmission of pubic lice is generally via body contact 
during sexual intercourse, thus pubic lice are most commonly 
found in adults. Finding of pubic lice on the eyelashes or head 
of a child raises the question of potential sexual abuse; 
however, fomites such as towels, clothing, and bed linens may 
be involved in transmission so sexual contact is not always 
involved. 

Treatment of pubic lice is usually performed with perme- 
thrin 1% lotion or pyrethrin with piperonyl butoxide applied to 
the affected area and washed off 10 minutes later (60). 
Alternative therapies include Malathion 0.5% lotion and 
ivermectin. Unlike head lice, a second treatment is required 
only after 9 to 10 days if live lice are noted at that time. A notable 
exception to the use of these medications is infection of 
eyebrows or eyelashes that are most commonly treated by 
physical removal of lice and nits, with application of 
ophthalmic-grade petrolatum ointment two to four times per 
day for 10 days. Supplemental measures including physical 
removal of nits, laundering of clothing and bed linens in hot 
water, and placement of unwashable items in sealed plastic bags 
for 2 weeks are more strongly recommended than that was the 
case for head lice. Also all sexual partners for the past month 
should be informed of their risk for infection and treated prior 
to resuming sexual contact. Since pubic lice is a sexually 
transmitted disease, it is prudent to evaluate for the presence of 
other sexually transmitted diseases (60). Pregnant women 
should be treated with the primary therapies of permethrin or 
pyrethrin; use of Malathion and ivermectin in pregnancy 
should be avoided if possible. 


Scabies 

Scabies is an ectoparasitic infestation caused by the human itch 
mite, Sarcoptes scabiei var hominis, for which humans are the 
only host in which replication can occur. Animal mites can 
infest human skin temporarily, but cannot replicate in humans 
and thus their infestation is self-limited. Adult female mites 
make characteristic serpentine burrows into the skin, usually 
between fingers and around the wrist in humans, where they 
lay 2 to 3 eggs per day as the burrow lengthens (61). Eggs hatch 
in 3 to 4 days to form larvae, which exit the serpentine burrow 
to dig a shallow molting pouch. Larvae develop into nymphs 
and then adults within 10 to 14 days inside the molting pouch. 
Adult male mites leave their molting pouch to burrow into the 
molting pouch of an adult female mite in order to fertilize the 
female who then continues to be fertile the remaining month 
of her life. Once impregnated, the adult female mite leaves the 
molting pouch to find a site to begin her own serpentine 
burrow and egg deposition, thus restarting the life cycle. 

The diagnosis of scabies can be made clinically based on the 
presence of characteristic burrows or visible mites. Skin 
scraping can be performed to look for mite or eggs, but 
treatment should be provided for suspected cases without 
confirmation of the presence of mites since a typical infection 
may involve only 10 to 15 female mites (61). In addition to 
microscopic examination of skin scrapings with oil, skin 
scrapings can also be submitted for PCR to detect S. scabiei 
DNA. When using PCR to verify resolution of infection, it is 
important to wait at least 28 days after the last treatment to 
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allow time for skin to shed with new epithelium developed, 
since the DNA from dead organisms will persist in the skin 
until it has been shed (62). Scabies is transmitted by close 
interpersonal contact, particularly in crowded living condi- 
tions. Outbreaks have been identified in nursing homes, 
hospitals, orphanages, and refugee camps (63). Transmission 
may occur with sharing of a bed and often occurs among 
adults via sexual contact. Children may be infected via sharing 
of beds or direct contact during play. Scabies is not considered 
to be an indication of potential sexual abuse due to its 
frequency in non-abused children. Fomites, such as clothing, 
towels, and sheets, may be involved with spread in some cases, 
but are not thought to be a major contributor. 

The primary clinical manifestation of scabies is itching due 
to a hypersensitivity reaction to the organism, which may take 
several weeks to develop following first exposure, but may 
develop rapidly with subsequent exposures. A classic rash 
occurs with visible burrows on the hands, wrists, and ankles. 
Papules may occur in those locations as well as on the 
forearms, axilla, breasts, and penis. The visible burrows and 
papules are the sites from which mites could possibly be 
obtained via skin scraping. The treatment of choice for 
uncomplicated scabies is permethrin 5% cream (Elimite®) 
applied to the entire body below the neck with specific 
attention to folds and creases including those between the 
fingers and toes as well as beneath the nails, which is washed 
off after 8 to 14 hours (64,65). A second application a week 
later may be required to eliminate all mites. Note that this is a 
higher dose of permethrin than that used for lice and this 
product is not available over-the-counter in the United States. 
Alternative treatments include ivermectin (200 ug/kg/day in 2 
doses 14 days apart), crotamiton 10% lotion or cream, and 
lindane 1% lotion but all have a lower efficacy than topical 
permethrin for uncomplicated scabies (64,65). Supplemental 
measures such as washing of clothes, bed linens, and towels in 
hot water may be helpful, but are not essential for 
uncomplicated scabies as there are few organisms involved. 

Treatment of scabies in pregnancy is typically performed 
with permethrin (64) (pregnancy category B) for which there 
is no evidence of teratogenicity in animals and there are no 
controlled studies in humans. There is a retrospective study of 
women who received either permethrin 4% lotion (n = 196) or 
benzyl benzoate 25% lotion (n = 444) for treatment of scabies 
during pregnancy (primarily second and third trimesters, but 
10% first trimester as well) (66). They found no difference in 
pregnancy outcomes between treated women and their 
matched controls. They did note a higher need for retreatment 
with benzyl benzoate lotion than with permethrin (16.4% vs. 
9.7%), compatible with the higher efficacy for permethrin seen 
in nonpregnant adults. 

In debilitated or immunocompromised individuals, an 
aggressive form of scabies called crusted or Norwegian scabies 
may develop. Crusted scabies is highly infectious with 
potentially more than a million organisms infecting a single 
individual. The crusting patches and gray flaky plaques may be 
difficult to distinguish from psoriasis or eczema and may be 
localized, extensively covering the hands, feet, trunk, face, and 
scalp. Optimal treatment for crusted scabies is not yet known, 
but current recommendations are combined treatment with a 
topical scabicide (daily dose as described above) and oral 
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ivermectin (200ug/kg/day) on days 1, 2, 8, 9, and 15 with 
additional treatments on days 22 and 29 if needed (64). 
Supplemental measures including washing of all bed linens, 
clothing towels, and other items of direct contact are essential 
to eliminate the infestation due to the high volume of 
organisms and the propensity for the flaky plaques to fall of 
bearing high numbers of mites. Close cropping of nails may 
also be of benefit. Increased rates of crusted scabies have not 
been described during pregnancy in the absence of underlying 
debilitation. Treatment of crusted scabies in pregnant women 
should be individualized with the use of ivermectin if clinically 
indicated for the health of the mother. 


Malaria 

Malaria is typically caused by infection with one of four 
protozoa, Plasmodium falciparum, Plasmodium vivax, Plasmo- 
dium ovale, or Plasmodium malariae. Humans are infected 
with malaria when bitten by an Anopheles mosquito carrying 
the organism. Plasmodium sporozoites are transferred from 
the mosquito to the human bloodstream, where they travel to 
the liver and infect liver cells. Inside the liver cells, the 
sporozoite matures to a schizont, which then ruptures 
releasing merozoites that invade erythrocytes and either 
multiple asexually to develop a ring stage schizont (which will 
again rupture releasing merozoites) or develop into a 
gametocyte. The gametocytes can then be taken up by the 
Anopheles mosquito to begin the mosquito portion of their life 
cycle, which includes fertilization of the female gametocyte in 
the mosquito stomach, maturation in the mosquito midgut 
wall, and migration of the mature sporozoites to the mosquito 
salivary gland for injection during the next mosquito blood 
meal to begin the human portion of the life cycle. 

Clinical symptoms of malaria are similar to those ofa flu-like 
illness, with fever, chills, headache, myalgia, malaise, arthralgia, 
weakness, nausea, vomiting, and diarrhea (67). The degree of 
symptoms and speed of disease progression varies depending 
on the infecting organism (P. falciparum is typically most 
severe), the level of parasitemia, and the immune status of the 
individual. Symptoms can develop as quickly as 7 days or as long 
as 2 months following exposure. Severe infections with 
P. falciparum can progress rapidly to acute renal failure, central 
nervous system involvement, severe anemia, respiratory 
distress syndrome, and death. Malaria is estimated to cause 
about 1 million deaths per year, mostly due to P. falciparum 
infections in children in Africa, but there are deaths each year 
among developed world travelers who visit the developing 
world, particularly the African region. Physical finding 
associated with malaria include hepatomegaly, splenomegaly, 
fever, increased respiratory rate, weakness, and mild jaundice. 

In the developed world, suspicion of malaria based on 
identification of potential exposure is the first key to diagnosis. 
Diagnosis is based on either identification of parasites in blood 
by microscopy or detection of malaria antigens or enzymes in 
blood. On microscopic examination of blood smears, the 
gametocyte form is typically the easiest to identify as other 
forms (such as ring-stage schizont) may be quite difficult to 
distinguish. More recently, a variety of rapid diagnostic tests 
(RDTs) have been developed to detect either antibodies or 
enzymes produced by the Plasmodium organisms, allowing 
expanded diagnosis in resource-poor settings (67). Assistance 
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with diagnosis and treatment in the United States can be 
obtained from the U.S. Centers for Disease Control and 
Prevention (CDC, www.CDC.GOV), who maintain a malaria 
control hotline for emergency assistance. Outside the United 
States, The WHO (www.who.org) maintains guidelines for 
diagnosis and treatment of malaria and assists with drug 
procurement in the developing world. 

Treatment for malaria is based on the infecting organism 
and the likelihood of resistance based on the location in which 
the infection was acquired. The WHO updated their malaria 
treatment guidelines (67) in 2010 to stress the need for 
diagnosis prior to treatment and to promote a move toward 
use of artemisinin-based combination therapy (ACT) as 
opposed to monotherapy to reduce the spread of artemisinin 
resistance already widely seen in Southeast Asia. In the United 
States, chloroquine-sensitive malaria is usually treated with 
chloroquine as the first-line therapy. Atovaquone—proguanil 
(Malarone®), artemether—lumefantrine (Coartem®), or qui- 
nine plus doxycycline or tetracycline are currently the first-line 
regimens for P. falciparum infections likely to be chloroquine 
resistant. Since treatment guidelines have recently been 
undergoing frequent modification to keep up with changing 
patterns of resistance, it would be advised to check the WHO 
or CDC Web site or other frequently updated resources for 
current recommendations prior to initiating treatment. 

The best treatment for malaria, however, is prevention. 
There are a number of recommended prophylactic regimens 
for travel into malaria-endemic areas. Atovaquone—proguanil 
(Malarone) and doxycycline can be used in all areas, with 
chloroquine and mefloquine (Lariam®) limited to areas with no 
evidence of resistance and primaquine limited to areas with 
only P. vivax infections. Supplemental measures are also quite 
important to avoid contact with the Anopheles mosquito 
including using insecticide-treated bed nets, limiting exposed 
skin by wearing long pants and sleeves, using insecticide spray 
or lotion on exposed skin, and staying in a mosquito-resistant 
building in the evening when mosquitoes are most likely to bite. 

Malaria in pregnancy is associated with high risk of maternal 
and perinatal morbidity and mortality, presumably due to 
impaired immune response to the infection. Increased adverse 
outcomes include spontaneous abortion, fetal death, preterm 
birth, low—birth weight infants, and maternal death (68). The 
increase in maternal mortality may be directly related to severe 
malarial infection or may be due to the impact of severe anemia- 
causing congestive heart failure or death due to postpartum 
hemorrhage. Malaria organisms can be sequestered in the 
placenta, where they may be resistant to treatment and may also 
increase fetal pathology. 

Treatment of malaria in pregnancy is also impacted by type 
of organism and likelihood of chloroquine resistance. For 
chloroquine-sensitive malaria, chloroquine is the drug of 
choice, as it is for nonpregnant adults. For chloroquine- 
resistant malaria, quinine plus clindamycin is currently the 
first-line therapy for the first trimester due to lack of 
experience with either of the other first-line combinations 
(atovaquone—proguanil or artemether—lumefantrine, both 
pregnancy category C) (67,68), with the caveat that one of 
those regimens should be used if quinine/clindamycin is either 
unavailable or is not tolerated. The 2010 WHO guidelines 
recommend use of ACT known to be effective in the local area 
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after the first trimester due to the enhanced efficacy (67), 
whereas the CDC recommendations are to continue the use of 
quinine plus clindamycin throughout pregnancy unless 
intolerance or treatment failure is seen. Quinine is pregnancy 
category C and is known to cross the placenta, but extensive 
experience has revealed no increase in adverse pregnancy 
outcomes with its use. Clindamycin is pregnancy category B 
with no teratogenicity seen in animal studies and extensive 
human experience with no increase in adverse outcomes seen. 

Prophylaxis for pregnant travelers is very complicated since 
both primaquine and doxycycline are contraindicated during 
pregnancy and atovaquone-—proguanil is also not recom- 
mended for pregnancy use. Chloroquine is considered safe, 
but has little benefit in areas with extensive resistance. 
Mefloquine is pregnancy category C and should not be used 
in pregnancy unless prophylaxis for travel to an area with 
chloroquine resistance is absolutely needed and only after the 
first trimester due to animal data showing embryotoxicity (69). 
Supplemental measures (as discussed above) are even more 
important for pregnant women due to the limitations of other 
prevention and treatment options. 

Elimination of malaria will clearly require more than 
treatment of symptomatic individuals and prophylaxis for 
travelers. Two techniques recommended by WHO are mass 
screening and treating of asymptomatic individuals who are 
infected and MDA. Mass screening and treatment requires 
much higher levels of resources than MDA so it is the 
technique most commonly employed. To date, MDA 
campaigns have not been able to achieve complete eradication 
with the exception of one closed island community with 
limited contact with the outside world where P. falciparum 
was eradicated rapidly (5 weeks), but it took 5 years to 
eradicate P. vivax (67). Inclusion or exclusion of pregnant 
women from MDA has been quite controversial due to the 
frequent use of drugs not commonly used in pregnancy being 
contrasted with the severe consequences of malarial infection 
during pregnancy. Reviews of data to date indicate no increase 
in adverse pregnancy outcome with inclusion in MDA or the 
more specific use of intermittent preventive therapy (IPT) 
targeting pregnant women [usually performed as one dose at 
quickening (18-20 weeks) with a second dose a month or 
more later (68,70)]. One key issue raised has been the 
importance of using highly effective drugs if MDA or IPT are 
to be used in pregnancy as opposed to using older, less 
effective, or completely ineffective drugs simply because there 
is more experience with them in pregnancy. Exposure to an 
ineffective drug in pregnancy is all risk with no benefit. 
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88 Routine maternal immunizations for all pregnant women 


Stanley A. Gall 


The concept of adult immunization in general and maternal 
immunization specifically has been receiving an increased 
attention from clinicians and medical writers as new vaccines 
have come into the market. However, the general population’s 
knowledge of the need for vaccination and which vaccines to 
obtain is very limited. Unfortunately, physicians who provide 
care to adults are also hampered by an incomplete knowledge 
of adult vaccines. The general public has an overall 
awareness of the significant reduction that has occurred in 
the incidence of measles, mumps, rubella, polio, diphtheria, 
and tetanus. However, the general public does not understand 
that failure to maintain immune status to diseases such as 
tetanus, diphtheria, hepatitis A, hepatitis B, herpes zoster, 
varicella influenza, pneumococcal disease, and human papil- 
lomavirus can result in serious diseases. Each of these diseases 
has an effective vaccine and need to be seriously considered 
for adult immunization. 

The benefit of vaccination in pregnancy is to protect (i) the 
mother from disease and (ii) the neonate from disease with 
passive maternal antibodies. This is the best two for one deal in 
nature. 

Active immunization is the administration of an antigen, 
which may be a live attenuated organism, inactivated viruses, 
recombinant viral particles, purified proteins, bacterial 
capsular polysaccharides, or exotoxin derivatives (toxoids) 
with the projected effect of preventing, abbreviating, or 
ameliorating natural infection. 

Passive immunization is the transfer of performed anti- 
bodies from immune individuals by potential administration 
of pooled human or equine serum or by placental transfer of 
immunoglobulin G (IgG) from mother to fetus. 

Current adult vaccines and their use in pregnancy are seen 
in Tables 1 and 2. Immunoglobulin G and antitoxins that are 
available in the United States are listed in Table 3. 

Table 1 lists the vaccines that should be routine for every 
pregnancy. This assumes that there are universal recommen- 
dations for each of these vaccines. Table 2 lists other licensed 
vaccines that may be considered to be used during pregnancy 
in special circumstances. 


VACCINATION IN PREGNANCY 

It is seen from Tables 1 and 2 that a total of 6 vaccines should 
be used during each pregnancy and 12 vaccines that are 
licensed may be used if indicated. However, the vaccines that 
should be routinely administered to all pregnant women who 
have not been immunized previously are influenza, hepatitis A 
and hepatitis B, tetanus, diphtheria, acellular pertussis (TdaP), 
and pneumococcal and meningococcal vaccines. It is tragic for 
any pregnant women to develop an infectious disease that is 
vaccine preventable. This universal approach is a change in 
practice from ignoring the pregnant woman and assuming she 


is protected to a policy of active inquiry as to her vaccine status 
and a program of active immunization. The result is protection 
of the pregnant women from disease and protection of the 
neonate for a variable length of time from passive maternal 
antibodies. The inactive vaccines and toxoids are safe to 
administer during pregnancy, and practicing obstetricians 
should adopt this positive management advance (2). 

An immunization history should be obtained at the first 
prenatal visit. In an ideal world, the patient should be immune 
to measles, mumps, rubella, tetanus, diphtheria, pertussis, 
poliomyelitis, varicella, and hepatitis A and B. However, in the 
real world, adults generally are not aware of their needs for 
vaccination and the release of new vaccines, and many 
physicians are not aware of vaccine requirements. As a result 
of this vast lack of knowledge and information, the majority of 
patients are either no longer protected from disease or they 
have never received the appropriate vaccines. 

The Advisory Committee for Immunization Practices 
(ACIP) at the Centers for Disease Control and Prevention 
(CDC) is a 15-member committee, which advises the CDC 
with recommendations for vaccine use. While the vaccine 
recommendations for pediatric vaccines are based on an age- 
related schedule, the adult recommendations are risk based. 
The risk-based strategy causes confusion for the practitioner 
since as many as 26 risks are identified for hepatitis B and 
numerous risks for other vaccines. Few physicians will 
remember the many risks as indications for vaccine admin- 
istration. A simplified approach is to select the six important 
vaccines to be routinely administered during pregnancy and 
routinely administer these vaccines to all pregnant women as 
universal vaccines. A simple vaccine questionnaire is seen in 
Table 4. This questionnaire assumes that the six vaccines listed 
should be administered to all patients who have not been 
previously immunized, asks about allergies to vaccines, and 
lists whether the vaccine information statement (VIS) has been 
given to the patient and whether the patient has been 
immunized or refused immunization on the visit day. The 
form then becomes a record of vaccine refusal (potential 
medical—legal benefit), VIS given (federal requirement), and 
vaccine administered. 


INFLUENZA EPIDEMIOLOGY 

Influenza is an acute febrile illness associated with headaches, 
migraines, upper airway respiratory complaints, and gastro- 
intestinal symptoms. Primary influenza pneumonia, which is 
frequently fatal, may occur in patients who have not been 
vaccinated and/or have underlying cardiopulmonary disease. 
Most fatalities associated with influenza are due to secondary 
bacterial pneumonia, usually Streptococcus pneumoniae (3,4). 
Influenza is caused by one of two viral isotypes: influenza A or 
influenza B. Influenza A and B are the two types that cause 
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epidemic human disease. Influenza A is the most common and 
the most virulent strain. Influenza A viruses are further 
characterized into subtypes based on two surface antigens, 
hemagglutinin (H) and neuraminidase (N). Influenza B 
viruses are separated into two distinct genetic lineages 
(Yamagata and Victoria) but cannot categorize into subtypes. 


Table 1 Licensed Vaccine Recommended to All Pregnant 
Women 


Use in 
Vaccine Type Route pregnancy 
Hepatitis B Recombinant viral IM Yes 
particle 
Hepatitis A Killed virus IM Yes 
TdaP Toxoids, IM Yes 
inactivated 
acellular pertussis 
antigens 
Pneumococcal Bacterial IM or SC Yes 
polysaccharide 
Influenza Trivalent IM Yes 
inactivated viral 
Meningococcal Protein conjugate IM Yes 


Source: From Ref. 1. Abbreviation: IM, intramuscular. 
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The hemagglutinin (H) antigen on the influenza A viral 
surface enables entry of the viral genome into the host cell. The 
neuraminidase (N) antigens lead to cell lysis after replication 
of the viral genome in a host cell. These viral antigens are 
critical components in the mechanisms by which influenza A 
viruses infect host cells and cause disease. However, the H and 
N antigens stimulate an immune response, acting as target 
antigens in developing prophylactic vaccines (5). 

Influenza viruses are RNA viruses and undergo periodic 
genetic mutation. This alters the genetic composition of the 
virus allowing it to evade the natural host immunity acquired 
from previous exposure to vaccines or infection. The changes 
in the viral genome are usually minor and described as 
“antigenic drift.” This minor change does not result in 
reclassification of the viral subtype. Antigenic drift results in a 
novel strain that can cause disease in a naive population 
despite previous exposure to a genetic variant outbreak. The 
continual process of antigenic drift necessitates the develop- 
ment of new influenza A vaccines on an annual basis. 
Influenza B viruses are more stable and undergo antigenic 
drift less frequently than influenza A viruses (6). 

While antigenic drift describes minor genetic changes in the 
viral genome, “antigenic shift” refers to major genetic 
alteration. The major pandemic strain in 1917 to 1918 was 
caused by an H1N1 subtype influenza A virus and this 


Table 2 Licensed Vaccines May Be Used During Pregnancy in Special Circumstances 


Vaccine Type 
Anthrax Inactivated bacteria 
BCG Live bacteria 
Japanese encephalitis Inactive virus 


Attenuated live virus 
Attenuated live virus 
Attenuated live virus 


Measles 

Measles, mumps, rubella 
Herpes zoster 

Polio, inactive 

Rabies 

Typhoid (parenteral) 
Typhoid (oral) 

Varicella 

Yellow fever 


Inactivated virus 
Inactivated bacteria 
Live bacteria 
Attenuated live virus 
Attenuated live virus 


Inactivated live virus (three types) 


Route Circumstances for use in pregnancy 
SC For use in epidemics 
ID None 
SC Yes, if traveling to endemic area 
SC No 
SC No 
SC No 
IM Yes, if traveling to endemic area 
IM Yes, use when indicated 
SC Yes, if epidemic 
Oral No 
SC No, give postpartum if indicated 
SC No, use when indicated 


Abbreviations: BCG, Bacillus Calmette-Guerin; ID, intradermal; IM, intramuscular; SC, subcutaneous. Source: From Ref. 1. 


Table 3 Immunoglobulins and Antitoxins Available in the United States 


Immunobiologic Type 


Botulinum antitoxin 
Cytomegalovirus 

Immunoglobulin (IG) intravenous 
Diphtheria antitoxin 


Specific equine antibodies 
Specific human antibodies 


Specific equine antibodies 


Indication 
Treatment of botulism 
Prophylactic for bone marrow and kidney transplants 


Treatment of respiratory diphtheria 


IG intravenous Pooled human antibodies A 
Hepatitis B, IG Specific human antibodies B 
Hepatitis A, IG Specific human antibodies C 


Human rabies IG 
Tetanus IG 
Varicella zoster IG 


Specific human antibodies 
Specific human antibodies 
Specific human antibodies D 


Suspected rabies attack 
Tetanus exposure 


All preparations are given IM except when noted (A) Replacement therapy for antibody deficit, ITP, hypogammaglobulinemia CLL. (B) Hepatitis B 
postexposure to infant of HBsAg-positive mother at birth. (C) Postexposure prophylaxis or pre-exposure prophylaxis. (D) Postexposure prophylaxis of 
susceptible persons and certain susceptible pregnant women and their exposed newborns. Abbreviations: CLL, Chronic lymphocytic leukemia; ITP, idiopathic 


thrombocytopenia purpura. Source: From Ref. 1. 
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presented until 1957 when the H2N2 subtype appeared. The 
H2N2 subtype underwent a major antigen shift in 1968 
resulting in the H3N2, which has been circulating until the 
present time. An H1N1 subtype emerged in 1977 and has been 
co-circulating with the H3N2 subtype. Current influenza 
vaccine contains one H3N2 strain, one H1N1 strain, and one 
influenza B strain. In March 2009, a novel H1N1 subtype 
emerged in Mexico and is the result of influenza A strains from 
pigs, birds, and humans. Recombinant analysis showed triple- 
reassessment swine H1N1 influenza virus coming from classic 
swine, North American lineage; avian, North American 
lineage; human (seasonal) H3N2 and human seasonal 
(H1N1) strain initiated a worldwide pandemic (7). 


INFLUENZA AND PREGNANCY 

Influenza increases the risk for morbidity and mortality in all 
pregnant women. While increased risk of influenza-associated 
morbidity and mortality is present throughout pregnancy, it 
increases dramatically in the third trimester (3,8). Excess 
maternal deaths were reported during the influenza pandemic 
of 1917 to 1919 caused by an H1N1 subtype (9) and in 1957 to 


Table 4 Office Vaccine Questionnaire 


Patient name or 
Facility Label 


Vaccine Questionnaire 


Date: 


1. Do you have an allergy to: EGGS VEAST 


2. Have you had your “FLU” shot this year? YES NO 


1958 caused by an H2N2 subtype (10). Recently, it has been 
reported an increased risk for serious illness and hospitaliza- 
tion in pregnant women suffering from the respiratory 
complications of influenza during non-pandemic influenza 
seasons (11). The risk ratio for hospitalization was 5.1 among 
women without comorbidities and 7.9 among women with 
comorbidities. The relative risk for pregnant women without 
comorbidities rose from 1.7 in the first trimester to 5.1 in the 
third trimester for women with comorbidities. The relative 
risk for hospitalization for an influenza infection rose from 2.9 
in the first trimester to 7.9 in the third trimester. ACIP and the 
American College of Obstetrics and Gynecologists (ACOG) 
have recommended that all pregnant women receive influenza 
vaccine during their pregnancy (4). 

This pandemic H1N1 2009 influenza has shown an 
increased likelihood of adverse outcomes in pregnant women 
and has shown an increased risk of maternal mortality (3). 
A number of reasons for the increased morbidity and mortality 
of influenza A in pregnancy have been proposed. They include i) 
an increasing relative immunosuppression to viral antigens as 
the pregnancy progresses, ii) physiologic changes in pregnancy 


NEOMYCN 


Vaccine Vaccine VIS 
Today Refusal Given 


3. Have you had your “pneumonia shot”? YES NO 


4, When was your last Tetanus shot? 


Don’t remember 


More than 2yrs ago If yes give TdaP 


5. Have you had the three shot Hepatitis B series?YES 


NO 


6. Have you had the three shot Hepatitis Aseries? YES 


NO 


7. For ages 11-19: 


Have you received the meningitis shot?YES___ NO 
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with a 20% to 100% expansion of circulating blood volume 
having to traverse the lungs giving them a heavy quality, and iii) 
induction of a “cytokine storm” in patients without circulating 
influenza antibodies to the infectious strain (12). 

It is important to remember that influenza vaccines are not 
teratogenic, and no convincing evidence has been published 
regarding fetal adverse outcomes (2). Some authors include 
“theoretic concerns” of fetal effects in their writing but when 
questioned about the theoretical risk, they are unable to locate 
supporting data. 

ACIP and ACOG advise that all pregnant women receive 
trivalent inactivated influenza vaccine (TIV) at any time 
during the pregnancy. It is advisable to receive TIV earlier in 
the pregnancy so adequate time is available for the mother to 
develop an immune response and transfer passive antibodies 
to the fetus thereby protecting the fetus for the influenza 
season (13). 


TETANUS, DIPTHERIA, PERTUSSIS 

In the minds of many people, tetanus, diphtheria, and 
pertussis have been thought of as being eliminated or 
controlled. By the 1970s, widespread implementation of 
tetanus diphtheria (Td) vaccine targeting pregnant women 
resulted in an almost universal disappearance of tetanus and 
diphtheria in the mother and the disappearance of neonatal 
tetanus when Td was used prior to or during pregnancy. 
Whole-cell pertussis vaccine was developed and brought into 
clinical practice in the late 1930s and 1940s, which led to a 
dramatic decrease in the incidence of pertussis. However, the 
number of cases of pertussis began to rise in the late 1970s 
primarily in adolescents and young adults. This was thought to 
be due to waning immunity to pertussis antigens. The vaccine 
available at that time was DPT and was indicated for persons 
up to 5 years of age. In 1992, a new formulation of DPT was 
developed with the introduction of “T” (full strength), “d” 
(reduced strength), and acellular pertussis (TdaP) for children 
up to 5 years of age. The acellular pertussis vaccine was 
significantly less reactogenic. In 2005, the TdaP vaccine was 
licensed for adults up to age 65 years. 

Pertussis is an acute respiratory infection caused by 
Bordetella pertussis. The organism produces multiple toxins 
that damage the respiratory epithelium and can have 
symptomatic effects including lymphocytosis. B. pertussis 
infection in adolescents and adults covers a spectrum of 
severity from asymptomatic to a mild cough illness to classic 
pertussis (14). 

The incubation period for pertussis is 7 to 10 days (range 
5-21 days). Classic pertussis is characterized by three phases: 
Catarrhal, paroxysmal, and convalescent. The catarrhal phase 
lasts 1 to 2 weeks and consists of injection of the conjunctiva, 
frequent sneezing, a watery nasal discharge, and frequent 
cough. The cough suggests that tracheal irritation is short, 
hacking, isolated, and present equally day or night. Fever is 
uncommon during any phase. 

The paroxysmal phase lasts 4 to 6 weeks. During this phase, 
the patient has intermittent periods of intense coughing 
(paroxysmal). The paroxysms are characterized by severe 
spasms of coughing, choking, post-tussive and inspiratory 
whoop. Adults and adolescents with pertussis make repeated 
visits for medical care and miss work and school (15,16). 
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Table 5 Hospitalization and Complications Among 16,431 
Infants Aged <12 Months with Pertussis (2000-2005) 


Complication Number (% of total) 
Hospitalization 8067 (61.7) 
Apnea 7377 (56.3) 
Pneumonia 1419 (12.8) 
Seizures 169 (1.3) 
Deaths 130 (0.8) 


Source: From Ref. 17. 


Table 6 Relation and Age Reported Source of Pertussis 
Among Infants Aged <12 Months 1999-2002 


Relation Number % 
Unknown 299) Sm 
Mother 84 14 
Father 39 6 
Grandparent 22 4 
Sibling 52 8 
Other 67 11 
Total 616 100 


Source: From Ref. 18. 


Pertussis is transmitted from person to person via large 
respiratory droplets generated by coughing or sneezing. 
Persons with pertussis are highly infectious especially during 
the catarrhal and early paroxysmal phases. Patients can remain 
infected for up to 6 weeks or more. 

Case reports suggest that morbidity from pertussis is not 
increased among pregnant women as compared with non- 
pregnant women. Reports of fetal morbidity among pregnant 
women with pertussis are rare and no causal relationship with 
abnormal fetal development, fetal morbidity, or adverse 
outcome of pregnancy has been confirmed. 

Unfortunately, the brunt of burden of disease occurs in the 
infants less than 1 year of age (Table 5). It is to be noted that 
apnea is a prominent finding in children admitted to the 
hospital. Infant deaths are characterized by an increased rate of 
primary and secondary pneumonia and coinfection with 
bacterial or viral pathogens. 

The source of pertussis for the neonatal patient is largely 
unknown (Table 6). Although the mother is the source in 
14%, the father in 6%, and grandparents and sibling in an 
additional 12%, immunization programs targeting mothers 
postpartum and their support groups are likely to be 
unsuccessful. The neonatal patient receives active pertussis 
vaccine at 2, 4, and 6 months of life and is not protected from 
disease until 6 months of life. 

Therefore, immunization during pregnancy will protect the 
mother against pertussis disease and the passive antibodies that 
cross to the fetus will protect the neonate against disease. The 
newer recommendations for routine TdaP vaccinations are 
listed in Table 7. TdaP is recommended during the second and 
third trimesters and will likely need to be repeated in 10 years. 


HEPATITIS B 
Acute hepatitis B virus infection during pregnancy can result 
in severe disease for the mother and chronic infection in the 


ROUTINE MATERNAL IMMUNIZATIONS FOR ALL PREGNANT WOMEN 88.5 


Table 7 Recommendations for Routine TdaP Vaccination 


Adolescents and adults should receive a single dose of tetanus, 
reduced diphtheria, and acellular pertussis (TdaP) to replace a 
single dose of Td for active booster vaccination if they have 
received their last dose of Td greater than 2 years ago 

Although previous recommendations have indicated 10-year 
intervals for Td, the interval between Td and TdaP of 2 years 
is now recommended for a single dose of TdaP 

The American College of Obstetricians and Gynecologists 
recommend that TdaP may be administered during pregnancy 

For those women who do not receive TdaP during pregnancy, 
they should be given TdaP in the postpartum period 

Lactating women may receive TdaP 

Health-care workers who have direct patient contact should 
receive a single dose of TdaP 


Source: From Ref. 14. 


Table 8 Risk Groups for Preexposure Prophylaxis for 
Hepatitis B 


All persons age 0 to 19 years 

All newborns 

All heterosexual persons who are not in a long-term mutually 
monogamous relationship 

Men who have sex with men (MSM) 

Injecting drug users (IDU) 

All persons screened for a sexually transmitted disease 

All persons tested for a sexually transmitted disease 

All persons receiving hemodialysis 

All persons with end-stage renal disease not on dialysis 

Persons with chronic liver disease of any type 

HIV-infected persons 

All health-care workers 

All public safety workers at risk for blood exposure or 
containing bodily fluids 

Staff of correctional facilities 

Inmates in federal, state prisons, jails, or juvenile correctional 
facilities 

Residents of institutions for developmentally disabled 

Sexual and household contacts of HBsAg-positive persons 

Family members of HBsAg-positive immigrants and 
international adoptees 

International travelers to moderate or high endemic areas 

Victims of sexual assault 

Persons who are not previously vaccinated or immune to 
HB virus infectious 

Persons who desire to become vaccinated 

The ACIP has published recommendation for use of Hepatitis A 
virus based on risk (Table 10) 


Source: From Ref. 20. Abbreviation: ACIP, Advisory Committee 
for Immunization Practices. 


neonate if a live birth occurs. Pregnancy in a woman with 
chronic acute hepatitis B virus infection can result in vertical 
transmission to the fetus and chronic infection in the neonate 
if no postexposure therapy occurs. The acute infection is 
characterized by a prolonged viremic phase that persists weeks 
to months. Chronic hepatitis B infections occur in 1% to 5% 
of adult patients with acute hepatitis B infection. Maternal 
infection with HBsAg positive and HBeAg positive carries a 
fetal transmission rate of 90%, with 50% of the neonates 
developing chronic hepatitis (19). 


Table 9 Risk Groups for Past Exposure Prophylaxis for 
Hepatitis B 
Occupational exposure to blood or bodily fluids that contain blood 
Sexual and household contacts of persons with acute 
hepatitis B infection 
Sexual and household contacts of persons with chronic 
hepatitis B infection 
Victims of sexual assault 
Newborn infants whose mothers are HBsAg positive 
Perinatal HB virus exposure 


Source: From Ref. 20. 


Table 10 Current Risk-Based Recommendations for 
Hepatitis A Vaccinations 


International travelers 

Men who have sex with men (MSM) 

Household and sexual contacts of persons infected with HAV 
Laboratory workers who handle live HAV 

Laboratory workers who work with nonhuman primates 
Illicit drug users (injecting and non-injecting) 

Carries of chronic hepatitis B 

Persons with chronic liver diseases 

Persons with clotting-factor disorders 

All persons who desire protection from HAV 

All public food handlers 


Source: From Ref. 22. 


Pregnancy should be considered an indication for the 
initiation of the hepatitis B vaccine series. The ACIP has 
recommended hepatitis B vaccine for any person, pregnant or 
not, who fall into any of the 22 risk groups or 6 postexposure 
risk groups (Tables 8 and 9). 

The ACIP recommendations are complex and almost 
impossible to remember all the risk groups (Table 10). It is 
important to remember that all pregnant women are screened 
for six sexually transmitted diseases and all pregnant women 
qualify for HBV vaccine. The American Academy of Pediatrics 
has stated that no adverse effect to the developing fetus has 
been observed when pregnant women are immunized. Because 
severe hepatitis B virus infection can cause chronic infection in 
the mother and the infant, all pregnant women should be 
considered candidates for the HBV vaccine series if they have 
not been previously immunized. 

Ingardi and colleagues analyzed serum antihepatitis B levels 
in 37 maternal serum—umbilical cord pairs following maternal 
vaccination (21). At the time of delivery, 18 of 37 (49%) had 
appropriate HBsAb levels of 10 MIU/mL or greater. The ratio 
of cord blood titer to maternal titer of HBgAb increased with 
the ratios for first, second, and third doses of vaccine were 
0.55, 0.67, and 0.72 respectively. When maternal HBsAb levels 
exceeded 35 MIU/mL, all cord blood liters were in the 
seroprotective range. 


HEPATITIS A VACCINE 

Hepatitis A virus is transmitted through the fecal—oral route, 
spreading primarily through close personal contact. The acute 
disease is characterized by nausea, malaise, abdominal pain, 
and jaundice. HA virus infection does not cause chronic 
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Table 11 Acute and Chronic Disease Burden Estimates for 
Viral Hepatitis in the United States 


Hepatitis Hepatitis Hepatitis 
A virus B virus C virus 
(HAV) (HBV) (HCV) 
Total infection 32,000 46,000 19,000 
Vaccine preventable Yes Yes No 
Chronic NA 1 million/ 3.2 million 
infections 1.25 mil 
Chronic liver deaths NA 5000 8000—10,000 


Source: From Ref. 24. 


infection and vertical transmission has not been described. 
During the period 1987 to 1997, an average of 28,000 cases of 
hepatitis A occurred annually in the United States. After 
induction of hepatitis A vaccine in 1995, a significant 
reduction in the annual number of cases reported has 
occurred. 

The general public perceives HAV infection as either 
nonserious or very mild. One has to be reminded of a large 
outbreak of HAV infection in fast-food restaurant in Western 
Pennsylvania in 2004. 

More than 600 persons became ill, with 194 admissions 
and four deaths. The source of HAV was not the employees 
but imported green onions that was used to make salsa 
(23,24). This emphasized the vulnerability of the population 
to contaminated food and that universal protection is 
indicated. This is further indicated by the large burden of 
acute and chronic disease for viral hepatitis in the United 
States (Table 11) or that behavioral risk factors are not 
always predictable, thereby leaving individuals at risk until 
the time they come to medical attention. Importantly, the 
current recommendation have resulted in rates of HBV 
infection that are actually increasing among men aged >20 
years and among women >40 years (25). Additionally, risk- 
based approaches have been abandoned for all pediatric 
vaccines and most of the adult vaccines. Unfortunately, 
the universal recommendations that pertain to infants, 
children, and adolescents have not yet been equally applied 
to adults (26). 

Table 11 presents acute and chronic disease burdens 
estimated for viral hepatitis in the United States. The disease 
burden is great and the clinical presentation is similar for all 
the types of hepatitis. An active program of hepatitis A and B 
vaccination can be important in reducing the number of 
persons infected. 

Problems are present with the current ACIP recommenda- 
tions regarding hepatitis A and hepatitis B vaccinations. The 
major deficit in the current recommendations is that they are 
risk based and therefore likely to miss many persons at risk 
who would receive vaccination if the recommendation were 
universal. In addition, the risk categories are tedious and the 
majority of practitioners are unaware of multitude of risk 
categories. The ACIP recommendations ignore the prevailing 
epidemiology of these diseases. For example, <50% of patients 
with HAV and HBV infections do not have an identifiable risk 
factor for infection, specifically, whether and when an 
individual becomes at risk, particularly, through a lifestyle 
change. 
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Table 12 Current Advisory Committee for Immunization 
Practices Recommendations for Pneumococcal (PS-23) 
Vaccine 


persons aged 65 or more 

persons with surgical or functional splenectomy 
person with cardiac disease 

persons with pulmonary disease 

persons with asthma 

persons who are smokers 

persons with diabetes mellitus 

persons with thyroid disease 

persons with renal disease 

persons with metabolic syndrome 

persons with chronic liver disease 

persons with cerebrospinal fluid levels 

persons with cochlear implants 

persons who are alcoholics 

persons with immunocompromised status 
persons exposed to pneumococcal outbreaks 
persons living in a nursing home or other long-term care facilities 
persons with sickle cell disease 


Source: From Ref. 28. 


PNEUMOCOCCAL VACCINE 

Streptococcus pneumoniae infection is a significant health 
problem in the United States (27). It is estimated that 3000 cases 
of meningitis, 500,000 cases of pneumonia, and 7 million cases of 
otitis media are due to the pneumococcus. This translates 
into 175,000 hospitalizations and an adult fatality rate of 40,000 
persons per year. With aging populations, an increasing 
antibiotic oesistance to S. pneumonia, and more adults 
immunosuppressed, the annual number of fatalities will rise. 

Pneumococcal pneumonia is the most serious clinical 
presentation of pneumococcal disease among adults. The 
incubation period is 1 to 3 days. Symptoms include an abrupt 
onset of fever and chills with other symptoms such as 
pleuritic chest pain, cough, productive of purulent, rusty 
sputum, dyspnea, tachypnea, hypoxia, tachycardia, malaise, 
and weakness. 

Pneumococci account for up to 36% of adult community- 
acquired pneumonia and 50% of hospital-acquired pneumo- 
nia. Pneumonia is a common bacterial complication of 
influenza and measles. The case fatality rate is 5% to 7% and 
may be higher in elderly patients. 

The ACIP recommendations for administration are largely 
risk based and therefore miss many persons (Table 12). 

It is noted that there are 18 risk indications for the use of 
pneumococcal vaccine. The issue of risk-based recommenda- 
tions is raised again as in hepatitis A and hepatitis B vaccine 
recommendations. The risk indication listed in Table 12 also 
applies to pregnant women. The VIS for pneumococcal 
vaccine states that there is no evidence that pneumococcal 
vaccine is harmful to either a pregnant women or to her fetus 
and women with the indications that put them at risk for 
pneumococcal disease should receive pneumococcal vaccine 
prior to pregnancy or during pregnancy (28). 


MENINGOCOCCAL VACCINE 
Neisseria meningitidis is the second most common cause of 
meningitis in the United States. Large epidemics are often the 


Table 13 Immunization During Pregnancy (Active Immunization) 


Vaccine 


Influenza 


Hepatitis B 


Hepatitis A 


Tetanus diphtheria 
acellular 
pertussis (TdaP) 


Pneumococcal 


Meningococcal 
vaccine 


Abbreviations: HBIG, Hepatitis B immune globulin. 


Risk from disease 
to pregnant 
women 

Increase in 
morbidity and 
mortality 
especially during 
epidemic with 
new antigenic 
strain 

Possibly increased 
disease in third 
trimester 


Severe morbidity, 
low morbidity 


Severe morbidity 
tetanus 
morbidity 30% 
diphtheria 
mortality 10% 
pertussis mild 
morbidity 

Severe morbidity 
and mortality. 
Increased risk of 
pulmonary 
complications 


Severe morbidity 
and mortality 


Risk from disease 
to fetus or neonate 


Anatomical fetal 
damage, 50% 
mortality in 
neonatal disease 


Increase rate, 
spontaneous 
abortion, and 
preterm labor. 
Neonatal 
hepatitis. High 
risk of chronic 
carrier state 

Increase in 
spontaneous 
abortion 

Most mortality in 
infants <6 
months 
hospitalization 
70% 

Apnea 60% 


Determined by 
mothers’ 
morbidity, 
vaccine reduces 
otitis media in 
neonate 

Determined by 
mothers’ 
morbidity 


Type of 
immunizing agent 
Trivalent 

inactivated 
vaccine (TIV) 


Recombinant 
vaccine 


Killed viral vaccine 


Tetanus = toxoid 
Diphtheria = 
toxoid 
Pertussis — 3—5 
antigens 


Polyvalent 
polysaccharide 
vaccine 


Protein conjugate 
vaccine 


Risk of 
immunization 
to fetus 


None. Fetus 
receives passive 
antibodies from 
mother 


None 


None 


None 


None 


None 


Indication for 
maternal 
immunization 

All women 
pregnant during 


influenza season, 


any trimester 


All women should 
receive vaccine 


All women should 
receive this 
vaccine 

All pregnant 
women who 
received last Td 
>2 years ago 


All pregnant 
women in 2-3 
trimesters 


Adolescent women 
International 
travel 


Dose schedule 


One dose annually 


Three dose series 
0,1, 6-12 months 


Two doses 0, 6-12 
months 


Booster single IM 
injection 
Primary 3 doses 
0, 1, 6-12 
months 


1 dose SC or IM, 
repeat in 6 years 
for medical high 
risk 


One dose IM 


Comments 


Passive antibodies 
to fetus protects 
from influenza 


Birth dose strongly 
advised. Also 
HBIG for 
infants born of 
HBsAg-positive 
mothers 


Combination HAV 
and HBV 
vaccine available 

Fetus protected 
with passive 
antibodies; 
immigrants 
usually not 
immunized 


Reduction in otitis 
media first 4 
months of life 
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Table 14 Immunoglobulin Use in Pregnancy 


Immunobiologic 
agents 


Measles 


Hepatitis B 


Rabies 


Varicella 


Hepatitis A 


Rh Immunoglobulin 


Risk form disease 
in pregnant 
women 

Significant 
morbidity 


Increase severity in 
third trimester 


Nearly 100% fatal 
not altered by 
pregnancy 

Increase in 
morbidity and 
mortality 


Severe morbidity 
Low mortality 


Death to fetus 
None 


Abbreviations: HBIG, Hepatitis B immune globulin. 


Risk of disease to 
fetus or neonate 


Increase in 
spontaneous 
abortion, may 
cause 
malformation 

Increase in 
spontaneous 
abortion, 
preterm delivery. 
Neonatal 
hepatitis, high 
chronic carrier 
rate 

Determined by 
maternal disease 


Congenital varicella 
1-2% first 
trimester 


Increase in 
spontaneous 
abortion 


Rh 
isoimmunization 
with possible 
hydrops and 
deaths 


Type of 
immunization 
agent 


Standard immune 
globulin 


Hepatitis B 


immune globulin 


Rabies IG 


Varicella immune 
globulin 


Standard IG 


Rh immune 
globulin 


Risk of agent Indication during 
to fetus pregnancy 

None Postexposure 
prophylaxis 

None Postexposure 
prophylaxis 

None Postexposure 
prophylaxis 

None Postexposure 
prophylaxis for 
mother exposure 

None Postexposure 
prophylaxis 

None Rh-negative 
mother 


Dose schedule 


0.25 mg/kg one 
dose of IG up to 
15 mL 


0.06 mL/kg IM 


20 IU/Kg % dose in 
wound % dose in 
Deltoid 

One dose IM 125 u/ 
10 kg 
Max: 625 U 


One dose 0.02 mg/ 
kg IM 


One dose IM 300 
mg 


Comments 


Must be given 
within 6 days 
of exposure 


HBV vaccine is 
given with 
HBIG if 
mother is 
HBsAg positive 


Use with rabies 
viral vaccine 


Dose within 96 
hours of 
exposure. 
Neonatal if 
mother 
developed 
varicella within 
4 days before 
delivery or 
2 days after 
delivery 

Give hepatitis A 
vaccine with 
immune 
globulin 

Administrate 
28-30 weeks 
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result of infection with N. Meningitidis serotype A and C. 
A protein conjugate meningococcal vaccine (MCV4) pro- 
viding protection against serotypes A, C, Y and W-135 is now 
available (29). 

Approximately 2500 persons get meningococcal disease 
each year in the United States with fatality rate of 10% to 15% 
with another 1% to 19% losing arms or legs, becoming deaf, 
become mentally retarded, or suffer seizures or strokes. 

MCV4 vaccine is recommended for the following persons: 

e Adolescents aged 11 through 18 years 

College freshmen living in dormitories 

U.S. military recruits 

e Anyone traveling to a part of the world where 
meningococcal disease is common 

e Persons who have had a surgical splenectomy or 
have a functional splenectomy 

e Persons with a terminal compliment disorder 

e Persons exposed to meningitis during an outbreak 


Meningitis vaccine should be administered to adolescent 
pregnant women. The major vaccines that should be 
administered to all pregnant not previously immunized are 
summarized on Table 13. The summary of immunoglobulin 
that can be used in pregnancy is seen on Table 14. This chapter 
strongly advocates for maternal immunization as a routine to 
protect the mother from disease and to protect the infant with 
passive maternal antibodies. The shortcomings and inade- 
quacy of the CDC’s recommendations on hepatitis A and B 
vaccines and pneumococcal as well as TdaP are emphasized. 
The goal should be to prevent all vaccine preventable diseases 
in the mother and thereby prevent the disease in the infant by 
timely maternal vaccinations. 
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APNEA OF PREMATURITY 

Apnea of prematurity is a condition frequently seen in preterm 
infants. It is defined as a cessation in breathing for more than 
20 seconds, or less than 20 seconds if it is associated with 
bradycardia and/or cyanosis (1). The incidence of this disorder 
increases with decreasing gestational age, but luckily most 
infants outgrow this disorder by the time they reach 35 to 
36 weeks postconceptional age. Over the last 20 years, the 
prevalence of this disorder has increased as smaller, more 
preterm infants are now surviving. With advances in ventilator 
management and surfactant therapy, many preterm infants are 
currently being extubated within days of admission to the 
neonatal intensive care unit. The goal is to keep them off the 
ventilators to prevent potential trauma to the developing 
lungs. As a result, neonatologists are faced with a dilemma 
about when is the frequency of apnea high enough to require 
reintubation. 

For decades, neonatologists have been looking for ways to 
treat these infants without resorting to mechanical ventilation. 
Many times these infants are placed on some type of positive 
pressure device post-extubation to help the infants maintain 
adequate respiratory dynamics while using minimal pressures 
to achieve this. Some of the various devices used to accomplish 
this include nasal prong continuous positive airway pressure 
[CPAP (NCPAP)], nasal prong CPAP with a rate (known as 
NIPPV), SiPAP, and high-flow nasal cannula. These devices 
provide positive pressure to the infant’s airway that helps stent 
the airways open, allowing for easier flow of air into and out of 
the lungs, which helps prevent obstructive apnea. NIPPV 
generates increased pharyngeal pressure intermittently based 
on the peak inspiratory pressure and rate that may activate the 
dilator muscles of the pharynx and stimulates respiratory 
drives to abort the apnea spell (2). In studies comparing 
NIPPV with NCPAP, it was noted that those infants treated 
with NIPPV had a greater reduction in the number of apneic 
spells compared with those treated with NCPAP (2-5). 

Since the 1970s, methylxanthines have been used to treat 
apnea of prematurity. Over the years, various methyl- 
xanthines have been used including theophylline, amino- 
phylline, and caffeine. Currently, caffeine is most commonly 
used due to a wide therapeutic window with fewer risks of 
side effects. We do not have to draw levels with caffeine 
compared with theophylline and aminophylline. The 
mechanism of action of methylxanthines is unknown, but 
they have been shown to decrease apneic events, increase 
minute volumes, improve respiratory system compliance, 
reduce diaphragmatic fatigue, and act as a diuretic (6,12,14). 
In fact those infants treated with caffeine required mechan- 
ical ventilation, noninvasive ventilation, and/or supplemen- 
tal oxygen therapy for 1 week less on average compared with 
those infants treated with placebo. Those infants treated with 


caffeine, however, did show slower weight gain compared with 
the placebo group at least initially (7,13,14). 

Another concern with methylxanthines was that they may 
interfere with the neurodevelopmental outcome of infants. In 
animal models, adenosine was noted to protect the brain from 
energy failure or cell death during hypoxia and ischemia and 
methylxanthines inhibit adenosine receptors (8). The Caffeine 
for Apnea of Prematurity (CAP) trial was conducted to see 
what short- and long-term risks and benefits caffeine provided 
infants. The trial found that caffeine reduced the incidence of 
bronchopulmonary dysplasia and decreased the need for 
supplemental oxygen therapy and assisted ventilation of any 
type. The CAP trial followed these patients to 2 years of life and 
found that caffeine also improved the neurodevelopmental 
outcome at 18 to 21 months of age. Caffeine was noted to 
decrease the incidence of cerebral palsy and cognitive delay but 
no change in death, severe hearing loss, or bilateral blindness 
was found (6,8,12,13). The study did find that those infants 
who were started on caffeine while they were still on some type 
of respiratory support had the greatest improvement in their 
neurodevelopmental outcomes (6). 

Other medications used to attempt to treat apnea of 
prematurity include carnitine and doxapram. Carnitine 
deficiency can be a cause of apnea in infants and adults but 
no trial has shown that supplementation with carnitine made a 
difference in the frequency of apnea (9,10). Doxapram is 
another respiratory stimulant that has been used to treat apnea 
of prematurity. Doxapram must be administered intrave- 
nously, however, and potentially has the following side effects: 
seizures, liver dysfunction, and gastrointestinal irritation, 
which has limited its use. In a recent Cochrane review that 
compared the use of doxapram versus methylxanthine in the 
treatment of apnea found no difference between the two 
medications (11). 


LATE PRETERM NEWBORNS 

Infants born at 34 0/7 weeks to 36 6/7 weeks of gestation were 
called near-term until 2005 when the National Institute of 
Child Health and Human Development of the National 
Institutes of Health held a workshop entitled “Optimizing 
Care and Outcome of the Near-Term Pregnancy and the Near- 
Term Newborn Infant.” At this workshop, a decision was 
made to call these infants late preterm infants to signify that 
even though these infants many times were of the physical size 
of term infants, physiologically and metabolically they were 
immature (15,16). When compared with term infants, late 
preterm infants are more likely to have respiratory distress, 
temperature instability, hypoglycemia, hyperbilirubinemia, 
apnea, sepsis, and feeding problems. They were also noted to 
have higher mortality and rehospitalization rates during the 
newborn period (15-20). Therefore, it is important that late 
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preterm infants not be treated like healthy term infants but 
monitored closely to make sure that if they develop any 
morbidities noted above, they are treated promptly. 

Between 1990 and 2005, the overall preterm birth rate 
increased by 20% from 10.6% in 1990 to 12.7% in 2005. 
During this same time period, the late preterm infant birth rate 
increased by 25% from 7.3% in 1990 to 9.1% in 2005. In 2005, 
71% of all preterm births (<37 0/7 weeks of gestation) 
occurred in the late preterm gestation (34 0/7 to 36 6/7 weeks) 
group (21). Three factors that may have contributed to this 
increase in the overall preterm birth rate as well as the late 
preterm birth rate include increased percentage of women 
waiting until later in life to have children, increased use of 
assisted reproductive technology to have children, and increased 
rates of multiple births (twins, triplets, etc.). These three factors 
are interrelated, and it is difficult to ascertain the effect on the 
preterm birth rate by any one factor. Studies have shown that 
preterm delivery frequency is higher in women less than 
16 years old and in those over 35 years old by 2% to 4% 
compared with the rate seen in women 21 to 24 years old. In 
addition, studies have shown that using assisted reproductive 
technology to become pregnant increases the risk of multiple 
births, which are more likely to deliver prematurely but this 
increased risk of preterm birth is also seen with singleton births 
conceived using assisted reproductive technology (22). 

As stated previously, late preterm infants have a higher 
mortality rate compared with term infants (16,17,21—25). 
From 1995 to 2002, the overall infant mortality rate (0-364 
days) for late preterm infants decreased from 9.5 per 1000 to 
7.9 per 1000 and for term infants it decreased from 3.0 per 
1000 to 2.4 per 1000. Congenital malformations accounted for 
42% of the deaths in the late preterm infants and 31% in the 
term infants (23). In a study conducted by Young et al., all 
infants born in Utah between 1999 and 2004 with a gestation 
age of 34 to 42 weeks were evaluated to see whether they died 
prior to their first birthday. They also found that the most 
common reason for the death of infants during their first year 
of life was due to birth defects. In addition, they determined 
the early neonatal (1-7 days), neonatal (1-28 days), and infant 
(1-365 days) mortality rates by gestational age excluding 
infants with birth defects. In all three categories, they found 
that the 34-week-gestational-age infants had the highest 
mortality rate while the 39- to 41-week-gestational-age infants 
had the lowest rates. For example, infants without birth defects 
had an early neonatal mortality rate of 1.27 per 1000 at 
34 weeks of gestation, 1.06 per 1000 at 35 weeks of gestation, 
0.66 per 1000 at 36 weeks of gestation but a rate of 0.08 per 
1000 at 40 weeks of gestation. This gave a risk ratio of 3.25, 
3.21, and 2.69 at 34, 35, and 36 weeks of gestation respectively 
when compared with 40 weeks of gestation. Infants in this 
study had a neonatal mortality rate of 1.90 per 1000 at 
34 weeks of gestation, 1.41 per 1000 at 35 weeks of gestation, 
0.99 per 1000 at 36 weeks of gestation, but a rate of 0.22 per 
1000 at 40 weeks of gestation. This gave a risk ratio of 3.24, 
3.20, and 2.68 at 34, 35, and 36 weeks of gestation respectively 
when compared with 40 weeks of gestation. These infants had 
an infant mortality rate of 3.79 per 1000 at 34 weeks of 
gestation, 3.16 per 1000 at 35 weeks of gestation, 2.55 per 1000 
at 36 weeks of gestation, but a rate of 0.80 per 1000 at 40 weeks 
of gestation. This gave a risk ratio of 4.62, 3.91, and 3.14 at 34, 
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35, and 36 weeks of gestation respectively when compared 
with 40 weeks of gestation (24). When birth weight was 
taken into account, the neonatal and infant mortality rates 
again decreased with increasing gestational age from 34 to 
41 weeks of gestation. Those infants who were small for 
gestational age (SGA) at any gestational age had the highest 
mortality rate. Late preterm infants who were SGA were 
44 times more likely to die during the first 28 days of life 
and 21 times more likely to die during the first year of life 
compared with term appropriate-for-gestational-age (AGA) 
infants. When infants with congenital anomalies were 
excluded, late preterm infants who were SGA continued to 
have a higher risk of dying compared with term AGA infants 
during both the neonatal and infant periods (25). 

When late preterm infants are born, there are a variety of 
potential complications that they are at a higher risk of 
developing compared with their term counterparts for which 
they need to be monitored closely. In a study by Wang et al. in 
2004, they looked at infants born between October 1997 and 
October 2000 at Massachusetts General Hospital and ran- 
domly selected 90 late preterm infants (35 0/7 to 36 6/7 weeks 
of gestational age) and 95 term infants (37 to 40 weeks of 
gestational age) who met the inclusion criteria. They found 
that the late preterm infants were more likely to have 
temperature instability (10% vs. 0%; OR: infinite), hypogly- 
cemia (15.6% vs. 5.3%; OR: 3.30; 95% CI: 1.1-12.2), require 
intravenous infusion (26.7% vs. 5.3%; OR: 6.48; 95% CTI: 
2.27-22.91), respiratory distress (28.9% vs. 4.2%; OR: 9.14; 
95% CI: 2.9-37.8), and were clinically jaundiced (54.4% vs. 
37.9%; OR 1.95; 95% CI: 1.04-3.67) compared with the term 
infants. The late preterm infants were also more likely to 
require a sepsis evaluation compared with the term infants 
(36.7% vs. 12.6%; OR: 3.97; 95% CI: 1.82-9.21). Even though 
more of the late preterm infants ended up receiving a full 
7-day course of antibiotics, it was not statistically signifi- 
cant (20). Because of these morbidities, late preterm infants 
are more likely to have prolonged hospitalizations (required 
hospitalization after their mother was discharged). In a study 
by Pulver et al., they found that 75% of 34-week-gestational- 
age infants, 50% of 35-week-gestational age, and 25% of 36- 
week-gestational-age infants had a prolonged hospitalization. 
The average length of stay for these infants was 12.6, 6.1, and 
3.8 days for 34-, 35-, and 36-week-gestational-age infants 
respectively (18). 

In a study by Shapiro-Mendoza et al., they looked for risk 
factors that increased the morbidity rate in singleton late 
preterm infants who were considered healthy at birth. These 
infants were considered healthy if they were discharged before 
a fourth-night hospital stay, weighed at least 2000 g at birth, 
and did not have any significant health problems or 
procedures. They found that having an Asian/Pacific Islander 
mother, being firstborn, being breastfed at discharge, having a 
mother with complications at labor and delivery, and having a 
public payer source at the time of delivery all increased the risk 
of a neonatal morbidity. They also found that these healthy late 
preterm infants had a 4.8% risk of being readmitted to the 
hospital and 1.3% had an observation stay within 28 days of 
life. They found that those infants who were breastfed were 
more likely to require readmission to the hospital or have an 
observation stay due to inadequate weight gain, jaundice, or 
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feeding problems (19). Therefore, it is important to make 
sure that healthy late preterm infants are truly feeding well 
prior to discharge from the hospital and have close follow-up 
after discharge to prevent the need for readmission to the 
hospital. 

At 34 weeks of gestation, the brain weighs about 65% that 
of a term infant’s brain and very few sulci and gyri are 
present, so studies have been conducted to look at the long- 
term neurologic outcome of late preterm infants. These 
studies have found that late preterm infants have worse 
neurologic outcomes compared with term infants. For 
example, in a study by Woythaler et al., they looked at 
6300 term and 1200 late preterm infants at 24 months of age. 
They looked at the mental developmental index (MDI) and 
psychomotor developmental index (PDI) on the Bayley 
Scales of Infant Development Short Form—Research Edi- 
tion. These indices have a mean score of 100 with a standard 
deviation of 15, so a score less than 70 indicates significant 
delay and a score of 70 to 84 indicates mild delay. In this 
study, they found that the late preterm infants had a mean 
score of 85 and the term infants had a mean score of 89 on the 
MDI while on the PDI, the mean scores were 88 and 92 for 
the late preterm and term infants respectively. About 21.2% 
of the late preterm infants and 16.4% of the term infants had 
a score <70 on the MDI while 6.1% of the late preterm 
infants and 6.5% of the term infants had a score <70 on the 
PDI. When they controlled for gestational age, plurality, 
maternal race, education, marital status, depression, prenatal 
care, primary language, infant gender, poverty level, delivery 
type, fetal growth, and any breastmilk feedings, the adjusted 
odds (95% CI) of a late preterm infant having more severe 
mental developmental delay (MDI score <70) was 1.51 (95% 
CI: 1.26-1.82) and milder mental developmental delay (MDI 
score 70-84) was 1.43 (95% CI: 1.22-1.67) compared with a 
term infant. In addition, the adjust odds ratio that a late 
preterm infant having more severe psychomotor develop- 
mental delay (PDI score <70) was 1.56 (95% CI: 1.29-1.88) 
and milder psychomotor developmental delay (PDI score 
70-84) was 1.58 (95% CI: 1.37-1.83) compared with a term 
infant (26). In another study by Morse et al., they looked at 
healthy late preterm infants (spent <72 hours in the hospital 
at birth) to see whether they were ready for kindergarten. 
They looked at 7152 healthy late preterm infants and 152,661 
term infants and found that the late preterm infants had a 
36% higher risk of developmental delay or disability, a 19% 
higher risk of suspension in kindergarten, and a 10% to 13% 
higher risk of having disability in pre-kindergarten, requiring 
exceptional student education or requiring retention in 
kindergarten (27). These studies show that even though these 
late preterm infants appear healthy at birth, they should be 
monitored closely and placed in early educational interven- 
tions if they start to show delays to help improve their 
outcomes. 

As you can see, late preterm infants should not be treated 
like term infants. They have a higher risk of developing 
neonatal morbidities, require rehospitalization, and have poor 
neurologic outcomes. These infants need to be monitored 
closely throughout their childhood, and if they start to develop 
any issues, they need to be treated quickly to allow them to 
have the best possible outcome. 
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THERAPEUTIC HYPOTHERMIA 

Hypoxic-ischemic encephalopathy (HIE) occurs in infants 
when cerebral perfusion is impaired resulting in hypoxic 
injury to the brain. It occurs in 3 to 5 per 1000 live births with 
moderate or severe HIE occurring in 0.5 to 1 per 1000 live 
births (28,29). HIE accounts for 23% of the 4 million neonatal 
deaths globally each year (28,30). 

Studies have shown that neuronal death following a 
hypoxic-ischemic injury occurs in two phases. Initially, the 
lack of oxygen causes primary energy failure that results in 
neuronal death via necrosis or apoptosis. Necrosis is 
characterized by swelling of the plasma membrane until the 
cell eventually ruptures releasing intracellular toxins while 
apoptosis is a slower form of neuronal death due to a less 
severe or prolonged hypoxic event often described as cell 
suicide. Once reperfusion of the brain occurs, the energy levels 
in the neurons “normalize.” This period is characterized by 
normal blood pressure and intracellular pH, transient 
improvement in cellular edema, and an absence of seizures. 
Then a second energy failure occurs during which delayed 
neuronal death occurs. This is caused by hyperemia, cytotoxic 
edema, mitochondrial failure, accumulation of excitotoxins, 
apoptosis, nitric oxide synthesis, free radical damage, and 
cytotoxic actions of activated microglia. It is this secondary 
energy failure that leads to the highest proportion of neuronal 
death and leads to encephalopathy and seizures. Therefore, the 
time between the primary and secondary energy failures 
provide a window of opportunity to provide some interven- 
tion that may prevent the more devastating secondary event 
from occurring (28,31). 

Scientists have been looking for interventions that could be 
initiated during this therapeutic window to try to improve the 
outcome of infants who suffer from HIE, but to date, nothing 
has shown promise except for hypothermia. Hypothermia has 
been shown to modify cells programmed for apoptosis leading 
to their survival. It may also protect neurons by reducing their 
metabolic rate, attenuating the release of excitatory amino 
acids (glutamate and dopamine), ameliorating the ischemia- 
impaired uptake of glutamate and decreasing the production 
of toxic nitric oxide and free radicals (28,29). Studies in animal 
models have shown that a 2°C to 3°C drop in the temperature 
of the brain after a hypoxic-ischemic event decreased energy 
expenditure, improved subsequent performance testing, and/ 
or decreased histologic neuronal loss (29). Other studies found 
that the earlier the hypothermia was initiated, the better the 
outcome. This neuroprotective effect of hypothermia was seen 
up to 6 hours post insult. Still other studies found that 
moderate hypothermia of the brain in the 32°C to 34°C range 
that was continued for 24 to 72 hours again had the best 
outcomes in animal models. Temperatures lower than this 
range revealed an increase in potential systemic adverse effects 
such as mortality, hypoglycemia, decreased cardiac contrac- 
tility and cardiac output, sinus bradycardia, hypotension, 
ventilation—perfusion mismatch, increased blood viscosity, 
coagulopathy, acid/base imbalance, electrolyte imbalance, and 
increased risk of infections (31). 

Currently there are two ways to provide hypothermia to 
neonates, selective brain cooling or total body cooling. 
Recently there were four large multicenter randomized 
control trials that were conducted to evaluate the effect of 
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hypothermia in neonates with moderate or severe HIE using 
one of these two methods of hypothermia. The CoolCap trial 
included 234 infants who were 236 weeks of gestational age 
with moderate to severe HIE and abnormal amplitude- 
integrated electroencephalography (aEEG). These infants were 
randomized to either receive selective head cooling for 
72 hours with a goal rectal temperature of 34°C to 35°C or 
standard care. Therapy with hypothermia was to be initiated 
within 6 hours of birth. The inclusion criteria were an Apgar 
score of <5 at 10 minutes after birth, continued need for 
resuscitation including endotracheal or mask ventilation at 
10 minutes after birth, or severe acidosis defined as a pH <7.00 
or a base deficit of 216 mmol/L on either a cord gas or an 
arterial or venous sample drawn within 60 minutes of birth. 
Eligible infants were then assessed for clinical evidence of 
moderate or severe HIE using the Sarnat criteria (lethargy, 
stupor, or coma with one or more of the following symptoms: 
hypotonia, abnormal reflexes (including oculomotor or 
pupillary), an absent or weak suck, or clinical evidence of 
seizures. Next an aEEG was used to determine whether the 
infant had a moderate or severely abnormal aEEG tracing for 
20 minutes prior to initiation of hypothermia. Those infants 
who were randomized to hypothermia were kept cool for 72 
hours and then gradually rewarmed by no more than 0.5°C/hr 
until the infant’s temperature was normal (36.5—37.5°C). They 
ended up with 116 infants who were treated with hypothermia 
and 118 who received standard therapy. These infants were 
followed for 18 months and they found no difference in the 
primary outcomes of death or severe disability, but when they 
looked at the subset of infants with moderately abnormal 
aEEG, those who were cooled had an improved outcome 
(n = 172, odds ratio 0.42: 95% CI 0.22-0.80: p = 0.009) (32). 

The NICHD Neonatal Research trial included 208 infants 
who were 236 weeks of gestational age with moderate-to- 
severe HIE. These infants were randomized to either receive 
whole-body cooling for 72 hours with a goal esophageal 
temperature of 33.5°C or standard care. Therapy with 
hypothermia was to be initiated within 6 hours of birth. The 
inclusion criteria were infants with severe acidosis defined as a 
pH <7.00 or a base deficit of 216 mmol/L on either a cord 
gas or any blood sample drawn within 60 minutes of birth or 
those infants with a pH of 7.01 to 7.15, a base deficit of 10 to 
15.9 mmol/L, or no blood gas available with additional criteria 
of an acute perinatal event (e.g., late or variable decelerations, 
cord prolapse, cord rupture, uterine rupture, maternal trauma, 
hemorrhage, or cardiorespiratory arrest), and either an Apgar 
score of $5 at 10 minutes after birth, or continued need for 
resuscitation including endotracheal or mask ventilation at 
10 minutes after birth. Eligible infants were then assessed for 
clinical evidence of moderate or severe HIE or seizures. HIE 
was defined as having one or more signs in at least three of the 
following six categories: level of consciousness, spontaneous 
activity, posture, tone, primitive reflexes (suck or Moro), and 
autonomic nervous system (pupils, heart rate, or respirations). 
Those neonates that were randomized to hypothermia were 
kept cool for 72 hours and then gradually rewarmed by no 
more than 0.5°C/hr until the infant’s temperature was normal 
(36.5-37.0°C). They ended up with 102 infants who were 
treated with hypothermia and 106 who received standard 
therapy. These infants were followed for 18 to 22 months and 
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they found death or moderate/severe disability occurred in 
44% of the hypothermia group and 62% of the control group 
(risk ratio 0.72: 95% CI 0.54-0.95: p = 0.01). Death occurred 
in 24% of the hypothermia group and 37% of the control 
group and cerebral palsy occurred in 19% of the hypothermia 
group and 30% of the control group (33). 

The TOBY trial included 325 infants who were 236 weeks of 
gestational age with moderate to severe HIE. These infants 
were randomized to either receive whole-body cooling for 
72 hours with a goal rectal temperature of 33.5°C or standard 
care. Therapy with hypothermia was to be initiated within 
6 hours of birth. The inclusion criteria were infants with severe 
acidosis defined as a pH <7.00 or a base deficit of 216 mmol/L 
on either a cord gas or any blood sample drawn within 
60 minutes of birth or an Apgar score of <5 at 10 minutes after 
birth or continued need for resuscitation including endo- 
tracheal or mask ventilation at 10 minutes after birth. Eligible 
infants were then assessed for clinical evidence of moderate 
or severe HIE (indicated by lethargy, stupor, or coma) and 
either hypotonia, abnormal reflexes (including oculomotor 
or pupillary), an absent or weak suck, or clinical seizures. 
Finally, they had to have an abnormal aEEG pattern on a 
30-minute tracing. Those infants who were randomized to 
hypothermia were kept cool for 72 hours and then gradually 
rewarmed by no more than 0.5°C/hr until the infant’s 
temperature was normal (37.0°C). They ended up with 163 
infants who were treated with hypothermia and 162 who 
received standard therapy. These infants were followed for 18 
months and they found death or moderate/severe disability 
occurred in 45% of the hypothermia group and 53% of the 
control group (risk ratio 0.86: 95% CI 0.68-1.07: p = 0.17). 
Survival without neurologic abnormalities was improved in 
the hypothermia group (risk ratio 1.57: 95% CI 1.16-2.12: 
p = 0.003). In addition, cerebral palsy was decreased in 
the hypothermia group (risk ratio 0.67: 95% CI 0.47-0.96: 
p = 0.03) and improved outcomes were noted on the MDI 
and the PDI of the Bayley Scales of Infant Development I 
(p = 0.03 for each) (34). 

As you can see, when you look at these three randomized 
control trials, hypothermia appears to decrease the mortality 
rate or major disability at 18 months of age especially in those 
infants with only moderate HIE (28). This was confirmed in 
the neo.nEURO.network trial, which included 111 infants who 
were 236 weeks of gestational age with moderate to severe 
HIE. These infants were randomized to either receive whole- 
body cooling for 72 hours with a goal rectal temperature of 
33.5°C or standard care. Therapy with hypothermia was to be 
initiated within 6 hours of birth. The inclusion criteria were 
infants with at least one of the following criteria: severe 
acidosis defined as a pH <7.00 or a base deficit of 216 mmol/L 
on either a cord gas or arterial blood gas drawn within 60 
minutes of birth, or an Apgar score of less than 5 at 10 minutes 
after birth, or continued need for resuscitation including 
endotracheal or mask ventilation at 10 minutes after birth. 
Eligible infants were then assessed for clinical evidence of 
moderate or severe HIE (indicated by lethargy, stupor, or 
coma) and at least one of the following criteria: hypotonia, 
abnormal reflexes (including oculomotor or pupillary), an 
absent or weak suck, or clinical seizures. Finally, they had 
to have an abnormal standard EEG or aEEG pattern on a 
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30-minute tracing. Those infants who were randomized to 
hypothermia were kept cool for 72 hours and then gradually 
rewarmed by no more than 0.5°C/hr until the infant’s 
temperature was normal (37.0°C). They ended up with 53 
infants who were treated with hypothermia and 58 who 
received standard therapy. Both groups were treated with 
either morphine or fentanyl to reduce the discomfort due to 
the HIE or the hypothermia. These infants were followed for 
18 to 21 months, and they found death or severe disability 
occurred in 51% of the hypothermia group and 83% of the 
control group (odds ratio 0.21: 95% CI 0.09-0.54: p = 0.001). 
This was even true in the severe HIE group (odds ratio 0.17: 
95% CI 0.05-0.57: p = 0.005) (35). As you can see from these 
studies, hypothermia appears to help improve the outcomes of 
infants with HIE more so with those who are moderately 
affected, but hypothermia is not a cure-all and more studies 
combining hypothermia with other neuroprotective interven- 
tions need to be conducted. 
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RESPIRATORY PROBLEMS IN TERM INFANTS 

Unlike the typical respiratory problems of prematurely 
delivered newborns that result from inadequate surfactant 
production, the mechanisms of respiratory problems in term 
infants (237 weeks of gestation) are associated with inadequate 
pulmonary perfusion (e.g., persistent pulmonary hypertension 
of the newborn) as well as surfactant deficiency due to both 
inadequate production (e.g., in the late preterm infant) and 
inactivation [e.g., meconium aspiration syndrome (MAS), 
congenital pneumonia]. Finally, both spontaneous airleaks 
and congenital abnormalities of airway, pulmonary parench- 
yma, or pulmonary vascular development (e.g., congenital 
diaphragmatic hernia, alveolar-capillary dysplasia) present as 
respiratory distress in the term newborn. Although term 
infants are less likely to suffer from respiratory problems than 
preterm infants, their risk for respiratory distress has been 
estimated at 0.6% in one large prospective study (1) and their 
risk for severe respiratory distress that requires mechanical 
ventilation at ~0.2% (2). 


MAS 
Although most infants delivered after exposure to meconium- 
stained amniotic fluid will exhibit no symptoms, a subgroup 
may develop severe respiratory failure. Understanding the 
pathophysiology of this subgroup has been enhanced by 
understanding fetal lung physiology. Net fluid flow in the fetal 
lung results from an egress of fluid from pulmonary epithelial 
cells into future airspaces and airways. The flow of fetal lung 
fluid across the glottis into the amniotic cavity keeps 
contaminants in the amniotic fluid (e.g., meconium, squa- 
mous cells, and blood) downstream from pulmonary epithelial 
cells in utero. Aspiration of these agents may occur if the fetus 
is “gasping,” a fetal behavior associated with severe hypoxia or 
ischemia. Exposure of the pulmonary epithelium to meco- 
nium leads to evidence of significant injury with elaboration of 
cytokines associated with inflammation, altered surfactant 
metabolism, and histologic evidence of airspace overdisten- 
tion. These pathophysiologic mechanisms help explain the 
ventilatory problems associated with MAS and increased risk 
of airleaks (3). The associated hypoxia and acidosis, particu- 
larly if preceded by prolonged intrauterine distress with 
increase in the thickness of the muscularis layer in the smaller 
pulmonary branch vessels (4), contribute to failure to achieve 
normal pulmonary vasorelaxation and to worsening hypoxia 
and hypercarbia in a cyclic fashion. Thus, both severe 
pulmonary parenchymal injury and pulmonary hypertension 
contribute to the presentation and must be treated. 

MAS occurs in 0.6% to 0.7% of all newborn infants with any 
respiratory symptoms and in 0.04% of newborn infants who 


require mechanical ventilation (2,5,6). Although risk for other 
common respiratory problems [e.g., transient tachypnea of the 
newborn (TTN) or respiratory distress syndrome (RDS)] 
decreases with advancing gestational age, risk for MAS 
increases with advancing gestational age. Approximately one- 
third of symptomatic infants will require mechanical ventila- 
tion, and despite surfactant replacement and availability of 
high-frequency oscillatory ventilation (HFOV) and nitric 
oxide (NO) treatment, mortality is reported in 2.5% of infants 
who require ventilatory support (down from 12% before 
widespread adoption of HFOV and NO). 

Over the last decade, approaches to intrapartum and 
immediate postpartum prevention of MAS have moved away 
from attempts to evacuate the upper airway of meconium by 
obstetricians at delivery of the head and by pediatricians after 
the delivery is complete. These interventions were found to be 
helpful in small historical control studies in the 1970s. 
However, larger randomized controlled trials reported in the 
1990s failed to demonstrate any improvement in outcomes 
and raised concerns about associated iatrogenic injury to the 
upper airway in some infants. The official 2005 recommenda- 
tion of the American Heart Association and the American 
Academy of Pediatrics makes clear that in the setting of infants 
born with thick meconium staining, the priority is to reserve 
intubation only for the infants who are most depressed at birth 
and not routinely to aspirate the mouth and nose (7). 
Similarly, although initial randomized studies of amnioinfu- 
sions for meconium-stained amniotic fluid found a beneficial 
effect on neonatal respiratory outcomes without increased 
maternal morbidity, a large multicenter randomized study (8) 
reported no routine benefit from amnioinfusion. The Amer- 
ican College of Obstetrics and Gynecology revised its practice 
guideline to indicate that although amnioinfusion remains an 
appropriate intervention for treatment of fetal distress (with or 
without meconium-stained amniotic fluid) evaluated by heart 
rate monitoring, it is not effective for reduction of risk of 
MAS (9,10). 


TIN 

First described by Mary Ellen Avery in 1966 (11), this self- 
limited (hours to a few days) condition is characterized by 
presentation within the first few hours of life with tachypnea, a 
radiographic picture of increased perihilar pulmonary vascular 
markings, fluid in the pulmonary lobar fissure, and increased 
lung volumes. Both the severity and duration of symptoms 
vary but are generally less intense than those seen in 
respiratory disorders like MAS or congenital pneumonia. As 
noted earlier, net fetal lung liquid production leads to egress 
of fluid into the amniotic cavity. Just prior to birth, this 


90.1 


90.2 


chloride-rich fluid production by the lung epithelium switches 
to fluid resorption driven by amiloride-sensitive sodium 
channels. The reversal of chloride and water transport leads 
to a decrease in total lung water before delivery. This process is 
dependent on long-term, developmentally regulated changes 
in the expression of sodium channels and their adrenoceptor 
sensitivity, more acute changes in ambient catecholamine 
levels associated with labor and delivery, and transition to the 
relatively oxygen-rich postnatal environment (12). Failure of 
this process of adaptation to the extrauterine environment in 
the absence of infection, surfactant deficiency or inactivation, 
or relevant birth defects is believed to cause the symptom 
complex known as TTN. 

In keeping with this proposed mechanism, the risk factors 
associated with higher risk of TTN are those that interfere with 
normal adaptation from placenta-dependent gas exchange in 
utero to lung-dependent gas exchange in the extrauterine 
environment. Shorter gestation may lead to lower levels of 
expression of critical components of the sodium channel 
assembly, its catecholamine regulators, and surfactant (the risk 
of developing TTN increases with decreasing gestational age). 
Additionally, absent or shortened labor (e.g., in the settings of 
elective cesarean section without labor or of rapid second 
phase of labor) provides less time for alveolar fluid resorption 
and is associated with the development of TTN. Finally, 
disease risk may be increased by genetic factors, for example, 
polymorphisms in £ adrenoceptor gene (13). Recent studies 
have reinforced the association of TTN with both earlier 
gestational age and cesarean delivery mode (14-16). 


RESPIRATORY DISTRESS IN PRETERM INFANTS 
Despite advances in the care of infants born prematurely, 
prematurity (delivery at <37 weeks of gestation) remains one 
of the leading causes of neonatal death (17). The incidence of 
RDS, a major complication of prematurity, is directly related 
to lower gestational age at birth. The incidence of RDS in 
infants born at 25 weeks of gestation approaches 100%. At 27 
weeks of gestation, the incidence decreases to approximately 
85%, at 30 weeks of gestation to 55%, at 32 weeks of gestation 
to 30%, and by 35 weeks of gestation to 10% (18). In addition 
to prematurity, other factors that predispose to RDS include 
male gender, European ancestry, maternal diabetes, perinatal 
hypoxemia, hypothermia, multifetal pregnancy, and caesarean 
delivery (19). An increase in the rate of preterm deliveries over 
the last several years, attributable primarily to infants delivered 
between 34 and 37 weeks of gestation (late preterm infants) 
(See section below entitled “Late Preterm Neonates.”), has 
contributed significantly to the burden of newborn respiratory 
distress (20). 

In 1959, Mary Ellen Avery and Jere Mead described the 
relationship between preterm birth, lung surface tension, and 
RDS (21). Since that time, understanding the biology of 
pulmonary surfactant and its role in preterm respiratory 
distress has been one of the triumphs of newborn medicine. 
This understanding has led to the use of exogenous surfactant 
replacement as a primary treatment for preterm RDS. 
Available surfactant preparations include bovine- or porcine- 
derived products and synthetic surfactant preparations that are 
administered to preterm infants via endotracheal tube. Multi- 
ple studies have demonstrated the efficacy of exogenous 
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surfactant in reducing newborn mortality and airleaks, 
especially when given as multiple doses early after birth in a 
prophylactic, as opposed to rescue, manner (22,23). Although 
a consistent reduction in the development of chronic lung 
disease (bronchopulmonary dysplasia) in preterm infants 
treated with surfactant has not been demonstrated, there is 
evidence that the severity of chronic lung disease has decreased 
in the era of surfactant therapy (24). Combined management 
strategies, for example, surfactant treatment and early 
extubation to continuous positive airway pressure (CPAP), 
show promise in decreasing not only the severity but the 
incidence of chronic lung disease in preterm infants with RDS 
as well (25,26). 

In the late 1960s, Graham Liggins made the seminal 
observation that lambs exposed in utero to corticosteroids 
and delivered prematurely had less respiratory distress, more 
mature appearing lungs, and decreased mortality (27). By 
1972, the first human trial demonstrating the efficacy of 
antenatal corticosteroids in reducing RDS in preterm human 
infants had been completed (28). Since the 1970s, multiple 
clinical trials have demonstrated the effectiveness of antenatal 
glucocorticoid treatment of women in preterm labor in 
reducing the incidence and severity of RDS (29). Although 
significant concern has been raised regarding the association of 
postnatal steroid treatment of preterm infants with poorer 
neurodevelopmental outcomes, there has been no consistent 
evidence that administration of antenatal corticosteroids 
results in neurodevelopmental delay (30,31). 

The identification of genetic mutations that result in lethal 
respiratory failure in newborn infants has led to the discovery 
of genetic polymorphisms associated with an increased risk of 
respiratory distress in the premature newborn (32). Poly- 
morphisms associated with an increased risk of RDS in 
preterm infants have been identified in the surfactant protein- 
A, surfactant protein-B, surfactant protein-C, and the ATP- 
binding cassette transporter A3 (ABCA3) genes (33-35). 
Additionally, polymorphisms associated with preterm RDS 
have also been identified in genes not directly related to 
surfactant synthesis and secretion including mannose-binding 
lectin, interleukin-10, and the G protein-coupled receptor for 
asthma susceptibility (36-38). Elucidating the interactions 
between and among genetic variants, environment, and 
developmental factors may lead to novel management 
strategies in preterm infants with RDS. 


LATE PRETERM NEONATES 

Terminology and Epidemiology 

An expert panel convened by the National Institute of Child 
Health and Human Development in July, 2005, recommended 
that infants born between 34 0/7 weeks (day 239) and 36 
6/7 weeks (day 259) of gestation be referred to as late preterm 
(39,40). Late preterm infants account for 360,000 of more than 
4 million births in the United States (40). Davidoff and Dias 
et al. found that two-thirds of the last decade’s increase in the 
rate of all preterm births was associated with an increase in the 
rate of late preterm births. Also noteworthy was that 74.1% of 
all singleton preterm births in 2002 occurred at 34, 35, and 
36 weeks of gestation (41). Late preterm births also accounted 
for 61% of preterm multiple births (41). Since late preterm 
infants constitute such a large proportion of preterm infants, 
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Table 1 Neonatal Infections by Timing of Onset 


Maternal colonization/infection 
Prolonged premature rupture 
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Risk Factors Predominant Organisms 


Group B Streptococcus 
Escherichia coli 


Prematurity 


Onset Transmission 

Early Vertical 

Birth to 2-7 days 

Late Horizontal 

>2-7 days Vertical less 
to 1 month common 


even a modest increase in their birth rate can have a significant 
impact on infant outcomes and health-care costs. Maternal 
and fetal indications commonly associated with late preterm 
delivery include pre-eclampsia, multiple gestation, and 
abnormal presentations (42). A portion of late preterm 
delivery may be preventable, especially those births that result 
from “maternal preference” (43,44). 


Morbidity 
Although historically called “near term,” multiple morbidities 
associated with delivery between 34 and 37 weeks of gestation 
including respiratory distress, temperature instability, hypo- 
glycemia, hyperbilirubinemia, apnea, seizures, and feeding 
problems, as well as higher rates of rehospitalization suggest 
that infants at these gestational ages are not prepared for 
successful fetal—-neonatal transition (39,45). For example, 
temperature instability, hypoglycemia, and jaundice were 
observed more frequently in late preterm infants (10%, 
15.6%, and 54.5%, respectively) than term babies (0%, 5.3%, 
and 37.9%, respectively) (45). Similarly, poor feeding was 
observed more frequently in late preterm than term infants 
(77.8% vs. 45.3%). Apnea and bradycardia are seen in late 
preterm infants (45) with prevalence rates as high as 10% (46). 
Late preterm infants are more likely to be evaluated with a 
complete blood count and blood culture and treated with 
antibiotics for 48 hours or 7 days compared with term 
babies (45) due to the difficulty of excluding sepsis as an 
underlying cause for multiple transitional symptoms including 
respiratory distress, hypothermia, and poor feeding. Delay in 
discharge among late preterm infants is more common as a 
result of these problems, with poor feeding as the most 
common reason for the delay (45). Respiratory complications 
are also prevalent among late preterm infants. The most 
common respiratory diagnoses among late preterm infants 
whorequire assisted ventilation include RDS, MAS, and 
pneumonia/sepsis (20). When compared with infants born at 
37 to 42 weeks of gestation, the frequency of RDS is greater in 
late preterm infants (62% vs. 43%), while the frequency of MAS 
is less (1.3% vs. 9.7%) (20). Earlier studies also demonstrate 
increased need for mechanical ventilation as gestational age 
decreases among late preterm infants (1). Need for extracorpor- 
eal membrane oxygenator (ECMO) therapy for respiratory 
failure among late preterm infants has also been increasing (47). 
Among 15,590 infants in the Extracorporeal Life Support 
Organization National Registry treated with ECMO between 
1989 and 2006, 2258 (14.5%) were late preterm infants (47). 
Death is more common in late preterm infants than term 
infants: risk of early neonatal death (birth to 28 days of age) is 


Invasive hardware/procedures 
(vascular catheters, 
endotracheal tubes, surgery) 

Environmental contact 

Prematurity 


Coagulase-negative 
staphylococci 
Staphylococcus aureus 

Escherichia coli 

Pseudomonas species 

Candida 


5.2-fold greater, late neonatal death (28 days to 1 year of life) is 
2.9-fold greater, and total infant mortality (all deaths from 
birth to 1 year of age) is 2.5-fold greater (39,48). Risk for 
increased morbidity also persists as evidenced by increased 
emergency department visits and rehospitalizations (49-51). 
Studies by Kinney et al. suggest that although the brain is more 
mature in late preterm than very preterm infants, it is still 
immature and can be disrupted or damaged by late preterm 
delivery (52). Substantial brain growth occurs between 34 and 
41 weeks of gestation in utero: brain size increases by 33% in 
the final 6 to 8 weeks of gestation accompanied by a fivefold 
increase in brain volume. Late preterm infants can also 
develop periventricular leukomalacia, a white matter injury 
marker for subsequent cerebral palsy. The exact prevalence of 
brain pathology is unknown as systematic brain imaging is not 
currently recommended at this gestational age (52). Longer 
term follow-up studies suggest that late preterm infants are at 
increased risk for lower reading and math scores from 
kindergarten through elementary school and for participation 
in special educational programs (53). 


Conclusion 

Late preterm infants are at significantly greater risk for short- 
term and long-term morbidity and mortality than was 
previously recognized. 


NEONATAL BACTERIAL SEPSIS 

Despite improvements in perinatal and newborn care, sepsis 
continues to be a leading cause of neonatal mortality, ranked 
sixth among causes of neonatal deaths in the United 
States (54). Neonatal sepsis refers to systemic infections that 
occur in infants <1 month of age. While infection with 
bacterial, viral, or fungal organisms may present identically in 
the newborn infant, this section will focus on bacterial 
infections. Among developed countries, the reported inci- 
dence of systemic bacterial infection ranges from 1 to 8 per 
1000 live births (55,56), with increasing incidence as birth 
weight decreases (55,57). Neonatal sepsis is typically classified 
by timing of onset: early-onset sepsis (EOS) occurs from birth 
to a week of life, and late-onset sepsis (LOS) after the first week 
through the first month. The two categories differ not only by 
age of onset, but also by mode of transmission, risk factors, 
and causative organism (Table 1). For EOS, despite recent 
advances in preventing perinatal transmission with selective 
intrapartum chemoprophylaxis (see Chapter 74), group B 
Streptococcus (GBS) continues to be the most common 
causative organism. As the incidence of GBS has decreased, 
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the contribution from Escherichia coli, particularly among the 
very low-birth weight population (VLBW, <1500g), has 
increased. These two organisms account for 60% to 70% of all 
EOS (55,58,59). Other less common pathogens include 
Enterococcus species, Streptococcus viridans, Staphylococcus 
aureus, a variety of gram-negative bacilli, and Listeria 
monocytogenes. For EOS in VLBW infants, the profile of 
organisms has recently changed. Gram-negative organisms are 
now the predominant causative organisms with ampicillin- 
resistant E. coli accounting for approximately 40% of 
cases (60,61). Gram-positive organisms including GBS and 
coagulase-negative staphylococcus (CONS), account for 
another 45% of EOS cases among VLBW infants. 

In LOS, gram-positive organisms predominate in all weight 
and gestational-age categories. For infants discharged from the 
hospital, the incidence of LOS caused by GBS has remained 
unchanged despite the use of intrapartum prophylaxis (62). In 
addition, LOS also occurs commonly in infants who require 
prolonged hospitalization in the neonatal intensive care unit 
(NICU). Gram-positive bacteria are the primary causative 
organisms with CONS accounting for approximately 40% of 
cases (55,60). Other organisms include S. aureus with 
increasing frequency of methicillin resistance (MRSA), E. coli, 
and other gram negatives. 

The clinical presentation of sepsis in the newborn is distinct 
from older children and adults. Signs and symptoms may often 
be subtle, nonspecific, and similar to a variety of neonatal 
illnesses. Common manifestations include temperature in- 
stability, tachypnea, lethargy, apnea, poor feeding, and 
abdominal distention (63,64). Temperature instability is more 
commonly manifested as hypothermia, although temperatures 
above 37.8°C can be significant in a newborn infant when not 
associated with iatrogenic causes. The overlap of symptoms 
with respiratory, gastrointestinal, central nervous system, and 
metabolic disorders means that septicemia should be part of 
the differential diagnosis for infants with any of these findings. 

The definitive diagnosis of sepsis is made by isolation of 
microorganisms from blood. Diagnosis by blood culture, 
however, is limited by test sensitivity, blood volume drawn, and 
can be contaminated by skin flora that may also be pathogenic 
in this population (65,66). As a result, diagnosis and treatment 
are often based on a combination of clinical symptomatology 
and other diagnostic markers. Evaluating the white blood cell 
count and peripheral differential is an important first step in 
assessment but has variable sensitivity and poor specificity (67). 
Additional hematologic parameters include the absolute 
neutrophil count and ratio of immature to total cells within 
the neutrophil series (I:T ratio) (67). Evaluation of biochemical 
markers associated with the host inflammatory response, such 
as C-reactive protein (CRP) (67,68), may also used. CRP 
requires 8 to 10 hours for synthesis making it much more 
sensitive in the later phase of infection. Serial CRPs (two levels 
obtained 24 hours apart, 8—48 hours after presentation) have a 
reported sensitivity of 80% to 90% and negative predictive 
value of 99% (69). The low sensitivity of CRP early in sepsis 
progression makes withholding initiation of antibiotics based 
on a low, early CRP value inadvisable, but serial CRPs may be 
useful in determining the duration of antibiotic course. 

Approximately one-fourth to one-third of infants with 
sepsis also has meningitis (70). Among symptomatic infants, 


CLINICAL MATERNAL-FETAL MEDICINE ONLINE 


consideration of performance of lumbar puncture for 
examination and culture of cerebrospinal fluid is important 
as meningitis (pleocytosis, increased protein, hypoglycorrha- 
chia, and positive culture) will determine duration and type of 
antibiotic treatment. Because viral and bacterial infections may 
present similarly, testing for viruses, particularly herpes 
simplex virus, in blood and spinal fluid should also be 
considered (see Chapter 74). Beyond the first few days of life, 
evaluation and culture of urine by catheterization or 
suprapubic bladder aspiration are also indicated to identify 
potential urinary tract foci of infection. Additional testing 
should be based on clinical findings and may include 
radiologic evaluation of the chest and abdomen. 

Rapidity of progression of sepsis in the newborn infant 
requires prompt initiation of antibiotics once cultures have 
been obtained. The choice of empiric antibiotic therapy should 
be based on the timing and setting of infection (EOS vs. LOS, 
community vs. NICU) as well as the profile of microorganisms 
and their susceptibility patterns among specific populations. 
For EOS, a combination of ampicillin and gentamicin is 
frequently used. If meningitis is suspected, consideration 
should be given to addition of cefotaxime for its improved 
cerebrospinal fluid penetration. For LOS, therapy should be 
tailored to the individual patient, her/his risk factors, and past 
microbial flora. The frequencies of CONS, MRSA, and gram- 
negative organisms have resulted in the common use of 
vancomycin and an aminoglycoside. A worsening clinical 
course should result in consideration of broadening of 
coverage to include Pseudomonas species, drug-resistant gram 
negatives, and common fungi (e.g., Candida). Isolated 
bacteremia without meningitis or other focus is treated with 
7 to 10 days of antibiotics. Treatment is otherwise largely 
supportive, with close monitoring and intervention for 
respiratory failure, hypotension, and central nervous system 
disturbances. Given the compromised immune response of the 
newborn infant, several immunologic therapies have also been 
investigated (71-73) of which only intravenous immune 
globulin has demonstrated a statistically significant reduction 
in mortality in cases of subsequently proven infection (71). 


NEWBORN SCREENING FOR METABOLIC DISORDERS 
Newborn screening for metabolic disorders is the most widely 
performed genetic testing in the United States. Nearly all of the 
more than 4 million infants born each year undergo newborn 
metabolic screening. The specific battery of screening tests is 
determined by individual state statute. As of 2005, the number 
of different screening tests performed varied from 4 to 46 
among the states (74). Funding for the screening programs 
and follow-up services also varies from state to state. Ninety 
percent of the state screening programs have a fee paid by the 
family or third party payer, 61% receive funds from the 
Maternal and Child Health Services Title V block grant, 33% 
rely on at least partial funding from state general revenues, and 
24% receive direct Medicaid reimbursement (75). In addition 
to the screening programs in the United States, most 
developed and many developing countries have newborn 
screening programs (76-79). 

Newborn metabolic screening was introduced in the 1960s 
with the development by Robert Guthrie of a bacterial assay 
for phenylalanine used for the diagnosis of phenylketonuria. 
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Table 2 ACMG Recommendations for Newborn Screening 


Core panel 


Organic acid metabolic defects 

Isovaleric acidemia 

Glutaric acidemia type I 
3-Hydroxy-3-methylglutaric aciduria 

Multiple carboxylase deficiency 

Methylmalonic academia (mutase) 
3-Methylcrotonyl-CoA-carboxylase deficiency 
Methylmalonic acidemia (Cbl A, B) 

Propionic acidemia 

B-Ketothiolase deficiency 

Fatty acid oxidation disorders 

Medium-chain acyl-CoA dehydrogenase deficiency 
Very long-chain acyl-CoA dehydrogenase deficiency 
Long chain L-3-hydroxyacyl-CoA dehydrogenase deficiency 
Trifunctional protein deficiency 

Carnitine uptake deficiency 


Amino acid metabolism disorders 
Phenylketonuria 

Maple syrup disease 
Homocystinuria 

Citrullinemia 

Argininosuccinic academia 
Tyrosinemia type I 


Hemoglobinopathies 

Sickle cell anemia (Hb SS) 
Hemoglobin S/B-thalassemia 
Hemoglobin S/C disease 
Other 

Congenital hypothyroidism 
Biotinidase deficiency 
Congenital adrenal hyperplasia (21-hydroxylase deficiency) 
Classic galactosemia 
Hearing loss 

Cystic fibrosis 


Guthrie’s other major contribution to newborn screening was 
a method for using a dried infant blood spot on filter paper 
(the eponymous “Guthrie card”) that allows for easy collection 
and processing of a large number of samples (80). As 
additional assays were developed that could be performed on 
blood spots, the scope of newborn metabolic screening was 
expanded. Criteria for inclusion of a test in the screening panel 
include benefit of early detection due to availability of an 
effective treatment, availability of a test with appropriate 
sensitivity and specificity, and opportunity for early detection 
of a potentially treatable condition during the neonatal period 
when it might otherwise not be clinically apparent (81). 
Screening programs should also provide mechanisms for 
appropriate confirmatory testing as well as referral for 
counseling and management. 

With the recent development of tandem mass spectroscopic 
(MS/MS) methods to detect metabolites on Guthrie cards, 
there has been a major expansion in the metabolic diseases for 
which screening is now available. In 2005, the American 
College of Medical Genetics recommended that all states begin 
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Secondary targets 


Methylmalonic acidemia (Cbl C,D) 

Malonic acidemia 

Isobutyryl-CoA dehydrogenase deficiency 
2-Methylbutyrl-CoA dehydrogenase deficiency 
2-Methyl-3-hydroxybutyric aciduria 
3-Methylglutaconic aciduria 


Short-chain acyl-CoA dehydrogenase deficiency 

Glutaric acidemia type II 

Medium/short-chain L-3-hydroxyacyl-CoA dehydrogenase deficiency 
Medium-chain ketoacyl-CoA thiolase deficiency 

Carnitine palmitoyltransferase II deficiency 

Carnitine/acylcarnitine translocase deficiency 

Carnitine palmitoyltransferase I deficiency 

Dienoyl-CoA reductase deficiency 


Benign hyperphenylalaninemia 
Tyrosinemia type II 

Biopterin cofactor metabolism defects 
Argininemia 

Tyrosinemia type III 

Biopterin cofactor regeneration defects 
Hypermethioninemia 

Citrullinemia type II 


Variant hemoglobinopathies 


Galactokinase deficiency 
Galactose epimerase deficiency 


screening for 29 core conditions plus an additional 25 
conditions (secondary targets) that can be detected by the 
screening methods but may not have an effective therapy or 
their natural history may not be well understood (82). Table 2 
lists the recommended screening tests. This list includes some 
assays that utilize methods other than MS/MS. Although this 
recommendation has been controversial, it has been endorsed 
by the American Academy of Pediatrics (81,83,84). The 
American College of Obstetrics and Gynecology has also issued 
a supportive opinion (85). This building consensus has 
resulted in an increase in the number of tests included on 
the screening panels in most states (74). In the future, as DNA 
microarray technology advances and becomes less costly, 
newborn metabolic screening may also incorporate this 
technology (86). 
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